; -1 CARRI ER RECOVERY PROCESSOR FOR A OAM TELEVI SION SIGNAL Field of the

; I nvention 5 This invention concerns apparatus for processing a quadrature
anplitude nodul ated (QAM television signal. In a QAM synbol transm ssion
system of the type disclosed herein, in-phase "I" and quadrature phase
""Q@Q signal 10 conmponents nodul ate respective cosine and sine carriers. A
data synbol being transmtted is represented by both I and Q conponents.
Each synbol may represent several bits, and the nunber of bi t s/ synbol

dictates the type of QAM sysURBRRIERRECHV/ER RMOGES etc. Each synbol
is mapped into a prescribed (3R | Q¢PA MFEL EVAST rant grid-Ilike
constellation using a | ook-up abre, i nunber of synbol s

occupyi ng assigned areas in each quadrant. Thus in a 32 QAM system each
quadrant of the constellation cPigldi rs Ehes)MaRehGioat Prescribed |ocations

Wi th respgct to in-pha n t hase | and axes. A 20 form of
differential codjn m?ggggg%é‘r gé§c%&st QPHaﬁt‘t‘§Qfoe§if@?Fa9cSéflg hd
constel | ati an‘éﬁfli& Wit ampliiden miedudatetol( GAM)l celrivésionarggar t ai n bits

designate the particular point in that quadrant assigned to the synbol.

QAM systens of the type_  de M)ed are well known. 25 At a receiver, the
QAM nodul at ed carri er ?Ilne Zfé WBBE tganssassion systean t@f aheatypeer

reference si ghatldsedaheseinganepletsed ‘Bt drite quadehnRs - pilies “¢gr rgi%r,%‘f requency
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constel | ation reg&gg{gd a e recejver, SIEP FRIFIE ANt 14 dRldduced

or elim nat edX% ngf tranyRitied | isckepreasonted( Pyl bothel vamid . QThe PLL
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) ystem, i.e., 16

QAM, 32 QAM, etc. Each symbol is mapped into a prescribed

15  location in a four quadrant grid-like constellation using a look-up
table, with a prescribed number of symbols occupying assigned
areas in eaqh quadrant. Thus in a 32 QAM system each quadrant
of the constellation contains 8 symbols at prescribed locations
with respect to in-phase and quadrature phase I-and Q axes. A

20 form of differential coding may be used whereby certain bits
designate the constellation quadrant in which the symbol is
located, and certain bits designate the particular point in that

quadrant assigned to the symbol. QAM systems of the type
described are well known.

25

At a receiver, the QAM modulated carrier frequency
may be offset relative to a carrier reference signal locally
generated at the receiver. This carrier frequency offset is
typically manifested by a dynamic rotation of the QAM

30 constellation recovered at the receiver, and may be significantly
reduced or eliminated by means of a phase locked loop (PLL)
network. The PLL generates a frequency/phase correction signal
for .dynamically restoring (derotating) the QAM constellation to a
correct orientation with the symbols in expected locations. A

35 second order PLL is often preferred for correcting the described
carrier offset since a second order PLL exhibits a wide tracking
range for correcting a wide frequency deviation, e.g., up to a 60

KHz deviation for example, and typically is able to correct such
deviation completely.




correct orientation with the synbols in expected | ocations. A 35 second
order PLL is often preferred for correcting the described carrier offset
since a second order PLL exhibits a wide tracking range for correcting a
wi de frequency deviation, e.g., up to a 60 KHz deviation for exanple, and
typically is able to correct such deviation conpletely. -2- The stability
of the PLL is a function of both | oop delay as determ ned by the nunber of
clock cycles in a digital phase | ocked hoop (DPLL), and | oop gain. High

| oop gain, is generally desirable but often degrades the stability of the

| oop. I n addition, r j.ven, gai l.oop, stability decreases as the
numger of cl :)clk cyc{rgg S?@giléy%%Wﬂ«%&%@&unﬁgsa%ﬁ&h RPvielangst o t he
present i Q¥eRMiRBd HReSSESbEP] ' i V] I e and | oop
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I ncl udi ng _a signal processing pat h.f_or,ugg_oce_sm ng a tel evision signal
cont ai ni nft&st@BHIYR thgdepnt urle asditipn apiNdragaid, (CVptability dgersabss
exhibitin ' S .. periad .and ed into, prescribed |locations of a
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referencegdingmai caoneprauyverygystem.ocessed nodul ated carrier; neans for
generating a control signal as a fungtion of an offset exhibited by a
constel lation associated with said pH8EB3Eed carrier relative to a
constellation associated with said television signal; and neans for
coupl i ng said cont r@he smponbf the presedt Bivenibn prodéssd Rievidat bighal receidugd ng
said offset; wherein saiqd means _for generating said control signal is a
time mul t PRNAEALBYTESeHEE S AHdIng 2 signad Processing pa REPIsFiinaR telgwiskan signatodes,
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_processi nlgonqin%ﬁlyan ﬁisel f%‘quency of said carrier; input means responsive to said modulated
carrier and to said reference signal for producing a processed modulated carrier; means
for generating a control signal as a function of an offset exhibited by a constellation
associated with said processed carrier relative to a constellation associated with said

- television signal; and means for coupling said control signal to said signal processing
path for reducing said offset; wherein said means for generating said control signal is
a time multiplexed processor characterized by: having plural operating modes,
providing a product-type output signal in at least one of said plural operating modes
‘representative of said offset., and said multiplexed processor exhibits a complete
multiplex operating cycle within said symbol period.

Another aspect of the present invention provides a television signal
receiving apparatus including a signal processing path for processing a television
signal subject to signal transmission jitter and containing a carrier quadrature
amplitude modulated (QAM) with symbols exhibiting a given symbol period and
mapped into prescribed locations of a grid-like constellation, said apparatus
comprising: means for generating a reference signal nominally at the frequency of said

carrier, multiplier responsive to said modulated carrier and to said reference signal for




signal subject to signal transm ssion jitter and containing a carrier
quadrature anplitude nodul ated (QAM with synbols exhibiting a given
synbol period and mapped into prescribed |ocations of a grid-Iike
constellation, said apparatus conprising: neans for generating a reference
signal nomnally at the frequency of saigd. carrier, nmultiplier responsive
to said nodul ated carrier and to said reference signal for -2a- producing a
frequency offset nodul ated carrier, neans including a phase | ocked | oop

for gener greduging & fequasicysiffpetinodslated carder, omeans irvludihg sqthasx hickied &sbpby a
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di agram of carrier recovery apparatus r 1natefFevision signal receiver
accor di ngpxasiucheutpui signgllieat lshstidne qfrsaiboperatimy mvtdeoreprésediie 2issida
representatd gn of operating states of a nmultiplexed nultiplier element of
t he appar%ﬁflﬁfg’ %rff{)%% Frf??‘#i tli’ilel‘—'?@hﬁs@cpm ¢ nutldplexjoparatingreyclet ed to

t he oper afk : ss,gﬁ)% 4js;0f FIGURES 1 and 2. FIGURE 4 is a bl ock

di agram o tg{hp%i;u%%ﬂﬁmo a E?’%ﬁé%efi nition television receiver including
the apparatus of FIGURE 1. -3- FIGURE 5 depicts the video signal spectrum
of a nultiple QAM high definition television signal received by the system

of FIGURE 4. 5 FIGURE 6 shows details of an input signal processor of the

tem of FI GURE 4. . ..
Sys Brief Description of the Drawings

FIGURE 1 is a block diagram of carrier recovery apparatus for
in a television signal receiver according to the principles of the present
invention,

FIGURE 2 is a representation of operating states of a multiplexed

* multiplier element of the apparatus shown in FIGURE 1.

| FIGURE 3 illustrates signals related to the operation of the
apparatus of FIGURES 1 and 2.

FIGURE 4 is a block diagram of a portion of a high definition

television receiver including the apparatus of FIGURE 1.




ILn FIGURE 1, a portion of an adaptive equalizer 120 includes a QAM
constellation derotator section with an associated 10 multiplier 10, in a
hi gh definition television receiver as will be discussed in connection with
FIGURE 4. Multiplier 10 receives quadrature phased signal conponents | and
Q from QAM adaptive equalizer filters (not shown). These conponents are
designated as Yl and YQ inputs to nmulti pln'ier 10, which also receives sin
and cos 15 quadrature phased input referente signals froman output of a

PROM 12. An input QAM ceijgligblati defiped .y input. signals Yl and YQis
dynamical Iy rot a]&ﬁﬂ té %c%[r%cgﬁﬁg%lgﬁﬁf (.I)ﬁc ‘Qggﬂeﬁg%lars&cmi“ﬁ‘ PEshonse to
the out put refRFéiRe i“gﬂal §8h rdghinaon Itelevisionusigrgl cosdeteddebpuhput QAM .
signal s ZI andya®m OfieFIgREt 40f 20 rotation (derotation) required to
produce a correct orientation of the QAM constellation at the output of
multiplier, 10 is a function of a dynamcally varying phase error -
representaive signal | KEBWRBpHI shervs aleaailqdsir a8 SinpuPWigR4l PrREIMMsdsr o;ghe

I NDEX' si gnal itlse sgleremt @EepdpyRE econd order DPLL as wi 17 beldiscussed, and

is 25 formatted so as to correspond to sin/cos | ook-up table addresses
associated wth sin and cos output values needed to reduce detected phase

error to substantially IerFIGHRE tlhea Sheviins u apphied to
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amount  of offasé i% nani f es ed%y%l%%@g%%' opﬂgyﬁﬁﬁ{cﬁi (ff’ﬁ?‘g’% of the
.QAM const el | af!l g}; Bisediased atignahcomppuentst Inandi @l ifeom1QAM ardaptive
correction byequahizen diltarec(nmr ghoWR)L CThEM ted 1189 ' :
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conpl ex quadrature phased input reference signals from an output of a

PROM 12.. An input QAM constellation defined by input signals YI

and YQ is dynamically rotated to a correct position, as necessary,

In response to the output reference signals from PROM 12, |

producing corrected output QAM signals ZI and ZQ. The amount of

20 rotation (derotation) required to produce a correct orientation of

the QAM constellation at the output of multiplier 10 is a function

of a- dynamically varying phase error representative signal INDEX

applied to an address input of PROM 12. The INDEX signal is
developed by a second order DPLL as will be discussed, and is
Y 25 formatted so as to correspond to sin/cos look-up table addresses
associated with sin and cos output values needed to reduce
detected phase error to substantially zero when the sin/cos output
values are applied to multiplier 10.

30 PROM 12 and multiplier 10 comprise a second order

digital phase locked loop (DPLL) for eliminating a dynamically
varying frequency and phase offset between a transmitted QAM
carrier and a locally generated reference signal nominally at the
carrier frequency. The amount of offset is manifested by the

35 amount of dynamic rotation of the QAM corstellation appearing - at
the output of muitiplier 10 before correction by a carrier recovery
DPLL circuit including a slicer 16, multiplier 20 and associated
circuit elements which coact with PROM 12 as will be discussed.’




mul tiplier, which conveniently provides the necessary four-input

nul tiplier function. A conplex nultiplier per se is not essential. 5 The
carrier recovery circuit is disclosed, by way of exanple, in the context
of an HDTV receiver using a narrowband signal processor for processing
high priority information, and a w deband signal processor for processing
| ower priority, e.g. standard priority information, as will be shown in
greater detail in 10 FIGURE 4. The carriér- recovery network in the

nar r owband s essor  uses DPLL clo t 15.36 MHz, which is 16
tinmes the lamllkep ?ﬁbmaw dee thy a}flﬁésqyar‘VBG\bggﬁ Q0 liLePoreRIPX  channel .
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uses a |?)PLL clocked at 4 times tﬁe symbol rate of the wideband

15 QAM information channel.

The DPLL in the narrowband high priority processor
advantageously exhibits a loop delay which does not exceed one
symbol period, i.e., one symbol clock cycle. The DPLL used with

20 the wideband low (standard) priority processor exhibits a loop
delay of four symbol periods (clock cycles). Multiplier 20 is
clocked to operate in a multiplexed mode in order to avoid long
loop delays which may require performance degrading reduced
loop gain to maintain loop stability,

The multiplexed multiplier network -pcrforms several
operations during each operating cycle, within a single symbol
period. These include: (I) calculating a dynamically variable
phase error, (II) accumulating a value equal to the product of the

30 phase error and prescribed gain factors K1 and K2, (III) adding
the accumulated value to a previously determined product value
K1 x phase error, and (IV)a final accumulation (integration).
Gain factor K1 is embedded in the operation of a slicer 16
preceding multiplexed multiplier 20. Gain X2 is provided by

35 shifting the multiplicand sample bits to positions of lesser bit
significance. Shifting the sample bits by 1, 2 or 3 positions of

lesser significance corresponds to multiplication by a fraction, e.g., |
172, 1/4, 1/8....etc



significance. Shifting the sanple bits by 1, 2 or 3 positions of |esser
si.gni fi cance corresponds to multiplication by a fraction, e.g., 1/2, 1/4,
1/8.... etc. -5- Gain K1 is a constant gain factor based upon

experinental |y determ ned considerations of bandwi dth, |oop. stability, and
~desired noise characteristics, for exanple. Gain K2 is 5 also a constant
based upon simlar considerations. Gain K2 is associated with the second
order path of the DPLL, and is achieved -By shifting bits rather than by a
nore conplex nultiplier approach. Gain K2 is produced by an increnental
shift to the right in the bitstream where nultiplying by 1/2 is achieved
by a one 10 bit shift, ®§inlKi jis acivinstead poinafiosor hasedhipén by 1/8 is
achi eved ' by eaehimientilly SHd s c chine 24, .essentially a
timng si gnalS ptej§ner at ary géetf\?hlnénga acgﬁﬂr eﬁqf‘ﬁi?ﬂgf gkl %aﬂéwégﬁ}’ré?ogi gnal s
for 15 enabl i ﬁ‘b‘% MY giflgpAFHged diolse charactesistics o for tenamples dBaimulK2 dki er

20 Isodas $o pdsoria conbtanpl kased apenatinsitaocofyideirtibey, 2@airg('\%ﬁtﬂsp| i er io

i ncl udes two 4 [ a a ir.o uts X, Y. Inputs
and C corres déﬁgﬁ?%@r‘@?%aexggc‘%@pu@% aﬁfﬁﬁ PE&E}FSB&L @adlr isspehieves
"imagi nary" a¥eshitting ditorathars thamny 20 miore speanplese | multipli@spond to
"real" and "i baEH.Y" Gaxg@sSKou | tinlier 20 f.or th
function (A+j?§ij;pg -+ D} = X+ Y. Isg?%?du%é%:ﬁng%%ﬁéﬁge%%lpgﬁﬁg t§ m;egﬁl eed
sequencer cl QK& dHitstiEime Where myltiplying byt il3sis mehizved iz aspnbol
clock, ah@ hibahifts tyr dy4 cisdechieveduby si oR@d bif AhifDNANAGE ROLSKiLREUNI Y.

25 Plural oututy {j&kNg;C ol..signals fromstate machine 24 are applied
to respective&tji m ng cglr%t gtgiltf{’i t[‘):Uts of slicer 16 (-1 EN and SLICER EN),

('d‘el ay unit 18 (INPUT EN), accunulator 2 and latch wunit 46 (ACCUM 2 EN and

‘CAPTURE ACCUM . 2), buff A : c .at Of. n unit 37
(ACCUM 1 BN, L ?\/I TElFJe cﬁﬁ%%&agg ggeu%%al}? ,gggﬁlgé gfé;‘ﬂ K ;J (IK2) ERROR
generator, deéve

EN) and Ops a plurality of timing control signals for
15 enabling or disabling data to the four 16-bit inputs of multiplier
20 so as to permit multiplexed operation of multiplier 20.
Multiplier 20 includes two input pairs AB and CD, and a pair of
outputs X,Y. Inputs A and C correspond to “real” axes inputs, and
inputs B, D correspond to “imaginary” axes inputs. Outputs X and
20 Y respectively correspond to “real” and “imaginary” axes outputs.
Thus multiplier 20 performs the function (A+jB)CHD) = X+jY.
State machine 24 is basically a high speed sequencer clocked at
15.36 MHz, which is 16 times the 0.96 MHz symbol clock, and
produces gray.coded output signals for enhanced noise immunity.
O 25 Plural output timing control signals from state machine 24 are
applied to respective timing control inputs of slicer 16 (-1 EN and
SLICER EN), delay unit 18 (INPUT EN), accumulator 2 and latch
unit 46 (ACCUM. 2 EN and CAPTURE ACCUM. 2), buffer 44 (PHASE
ADDER EN), accumulator 1 in unit 37 (ACCUM. 1 EN, LIMITER EN
30 and CAPTURE ACCUM. 1), buffer 40 ((K1)(K2)ERROR EN) and
LATCH 36 (CAPTURE K1) ERROR and (K1) ERROR EN).

FIGURE 3 is a timing diagram for the various timing
control signals shown in FIGURE 1. A small circular element at the
35 timing control signal inputs in FIGURE 1 designates an active low
whereby the ccntrol function is performed in response to a low
logic level. Pairs of “X” symbols in the timing diagrams signify
that data is valid between horizontally paired X symbols. The



LATCH 36 (CAPTURE Kl ) ERROR and (Ki) ERROR EN). FIGURE 3 is a timng
diagram for the various tinming control signals shown in FIGURE 1. A small
circular elenent at the 35 timng control signal inputs in FIGURE 1

desi gnates an active | ow whereby the control function is perforned in
response to a low logic level. Pairs of "X' synbols in the timng diagrans
signify that data is valid between horizontally paired -X synbols. The -6-
DEROT CLK applied to state machine 24 andéthe PLL CLK for the systemare

simlar but @E%yq][gﬂase shifted, both bein times the synbol cl ock.
FILT QUT ref ofRRJiRS tofstate] machine( agtar@hﬂmPLﬁx &deldi fog thel tiplier
10 in Fl GURE sysfeon preosimiilag busi@oabally! plisd ¥Rfidde veiYo 18TATE BI TS
~are also sho GURE 3 corres {0 signal
condi ti ons %ﬂn %%Qe{y[%ea?gz 6eérlér ed#{%feﬁdﬂéc Bs‘é’qééento"(ﬁp'é ugg fblﬁcrsl n
FIGURE 1, slitBet shovyy| peecsding "wiildpendt0’ in nEIGURE 11t@rspmmdmg‘romthe
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mul tiplier 1 rov th [ s to a aSSOCIa ed ith
slicer 16. |1Eb elrtg Hﬂ‘fﬁ% ‘?h (f&g}il ﬁﬁﬂeﬁb‘i’fiﬂ 100 § kg fml’tcthQHSyrrbol
is found to behishf il heomehnrecbnpe@ﬁedmd QQdteqend Hiycasiion. |, Q '
constel lation, the synbol will be 15 pl aced at the expected | ocat I on as
speci fied by t he expect ed const el lati on synbol |ocations progranmed in the

ROM For each input syRbbl U&ﬁhelseﬂ!@d b§ sedants \ord“digmsabst”ZtheaddbizQ on a
el ot S e AT A (S DAL 4, i,
| ocati on ”gét QLB “3 16% ]t FEeV eS| Bearsltisad S)ﬁBb@]fSr&ﬁ' &xists
(and the out plROM ndssbeiatedn with slicerer] 6ROM fwaFder @mmﬂﬁﬁgnﬂwt Quiaffaritnput
SXpected 1 oodh F‘SE“‘%‘EB’C“Q’?}@L of RaF is Rt B oftkcRbpt iyt he Row
and the | ocat*BRold legatiomsvithimdhe (kI Q zonsteilation, f ther spmbal will obe
factor. Ifi s pia¢ed dtagedlexpleted location as specified by the expected
constellation symbol locations programmed in the ROM. For each
input symbol represented by received signals ZI and ZQ on a set of
I, Q orthogonal axes, the ROM generates a corresponding output
symbol at a programmed location which is closest to the input
20 symbol location. If the input symbol is at the expected location,
no error exists and the output symbol from the slicer ROM will
correspond to the input symbol at its location. However, if the
input symbol is not at the expected location, the location of the
. output symbol generated by the ROM and the location of input
25 symbol (ZI, ZQ) will differ by an error factor. This error factor, a
phase error, is detected by multiplier 20 in response to the ZQ, ZI
input symbol data at inputs A and B respectively, and the symbol

data as developed by thc slicer ROM and appllcd to multiplier
inputs C and D,

30

Gain factor K1 is provided by a look-up table
associated with slicer 16. Delay 18, which may be provided by a
pipeline latch, is enabled by an INPUT EN signal from state
machine 24. Delay 18 compensates for delays incurred in slicer
35 16, ensuring that signals arrive at inputs A, B, C and D of
multiplier 20 in proper synchronism.



phase error, is detected by nmultiplier 20 in response to the ZQ ZI input
synbol data at inputs A and B respectively, and the synbol data as

devel oped by the slicer ROM and applied to nultiplier inputs C and D. 30
Gain factor KL is provided by a | ook-up table associated with slicer 16.
Del ay 18, which may be provided by a pipeline latch, is enabled by an

| NPUT EN signal fromstate nmachine 24. DeJ ay 18 conpensates for del ays
incurred in slicer 35 16, ensuring that si‘gnals arrive at inputs A B, C

and D of nultiplier 20gi r rLQnj .-7- .9l i.cer responds to
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are iderhﬁfié‘ byZk BeICERe reference number. Referring to FIGURE 2, a
phase error is determined 20 during initial state |, which begins with
gray code state 0 (FI QU lnputs A and B of nmultiplier 20 receive
{'symbol conponents ZQ aﬁg"zﬁlﬂ%‘é’ t¢&psrptioniofi gie @Pﬁhpopsraﬁomnd D are
‘enabl ed to  considers both FIGURES 1 and 2. FIGURE 2 depicts the four |

operating states I-IV of multiplier 20 for a given multiplexing

15 cycle, which is completed within one symbol (clock) period as can
be seen from FIGURE 3. Elements common to FIGURES 1 and 2 are
identified by the same reference number.

Referring to FIGURE 2, a phase ewror is determined
20  during initial state I, which begins with gray code state 0 (FIGURE
3). Inputs A and B of multiplier 20 receive symbol components ZQ
and ZI respectively. Multiplier inputs- C and D are enabled to
receive sliced, translated versions of components ZQ and ZI from
slicer 16 as discussed. A signal appearing at multiplier output Y
& 25 represents the phase error for each symbol, as determined by the
expression (A)D)+(B)C) where A, B, C, D designate the signals
appearing at the similarly labeled input terminals of multiplier
20. Thus the signal at output Y is K1[(ZQ)(ZI SLICED) - (ZIXZQ
SLICED)]. The bracketed component represents the phase error, so
30 that the signal at output Y may be abbreviated as (K1)ERROR. This
error signal is captured (stored) by a latch 36, and is also passed
through a network 40 which imparts gain K2 to this signal,
generating error signal (K1)(K2) ERROR. Network 40 also includes
s an output buffer. This completes state I of the multiplexing cycle.
State II accumulates the (K1)(K2) ERROR signal and
commences with gray code state 2. At the beginning of state II,
the error signal (K1)(K2) ERROR from unit 40 is coupled to input A



receive sliced, translated versions of conmponents ZQ and ZI from slicer 16
as discussed. A signal appearing at nmultiplier output. Y 25 represents the
phase error for each synbol, as determ ned by the expression (A) (D) +(B) (0O

“where A, B, C, D designate the signals appearing at the simlarly |abeled

i.nput terminals of nultiplier 20. Thus the signal at output Yis
K[ (ZQ (ZI SLICED) - (ZI)(ZQ SLICED]. The bracket ed conponent represents
t he phase error, so 30 that the si gnal at8 out put Y may be abbreviated as
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and D are both "+1 for this state). The sumsignal at output Y is stored
by accunb@ator 1 of unilh 8tate THl,swhich bégine With 13 #ncéd@ts?at‘e”j C%fl ch

or ror st gnal Py BRA R fator, LIS aBdEhb, ciref STtk pRR OB ar Bhe 1

€1 (of

“unit 37) is é’@b‘ﬂb’eécctl@uﬂ&tpdt v uef mnﬂamthutla:toﬂa, (@fdunitgB?) 1éK6,<)u BROR,

\,
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_ +1 signals are applied to multiplier inputs C and D from slicer 16.
The signal appearing at output Y of multiplier 20 is equal to the

sum of the signals appearing at multiplier inputs A and B. This
output signal is conveyed via a buffer 44,

20 Final state IV begins with gray code state D and
performs a final accumulation. Buffer 44 conveys the signal from
output Y of multiplier 20 developed during the previous state to
multiplier input A, accumulator 2 of unit 46 is enabled so that its

contents are coupled to multiplier input B, and multiplier inputs C

i 25 and D are enabled with -1 signals from slicer 16. Output X of
multiplier 20 is defined by -A+B, where A and B refer to the
signals appearing at the respective A and B multiplier.inputs.
This output signal is accumulated by accumulator 2 of unit 46 and
captured by the latch of unit 46, and is coupled via a buffer 50 to

30 the INDEX input of PROM 12 (FIGURE 1) to produce a correct
sin/fcos phase and thereby a phase corrected (derotated) QAM
constellation . This completes a multiplex operating cycle of
multiplier 20 and” the associated PLL elements, which as can be
seen from FIGURE 3 occurs within one symbol clock period, i.e.,

35 within one symbol period. The accumulated values are not reset
at the end of each multiplexing cycle. As the phase error varies
stlowly with time the accumulated values also vary slowly with
time. When the Plessey type PDSP 16116A multiplier is used for



sum of the signals appearing at nultiplier inputs A and B. This out put
signal is conveyed via a buffer 44. 20 Final state IV begins with gray code
state D and perforns a final accunul ation. Buffer 44 conveys the signal
from output Y of nmultiplier 20 devel oped during the previous state to
mul t'i plier input A accunulator 2 of unit 46 is enabled so that its
contents are coupled to nultiplier input B, and multiplier inputs C 25 and
D are enabled with -1 signals fromslicer916. Qutput X of nultiplier 20 is
defined by -A+ﬁa.%/ner A gnd B hef er to the signals appearing at the
respective ATANGEBIGHI0: piceMPRRIEE. inpts and Rutpytsgmae peparetednbnt ed by
accunul ator 2hie shick 48gesdas ciagicuted by hbeergibch of 3Nt (S ik | S
coupl ed via @iggﬁﬁl@ﬁo to 30 the INDEX input of PROM 12 (FIGURE 1) to
produce a correct sin/cos phase and thereby a phase corrected (derotated)
QAM constellation . This conpletes a nultiplex operating cycle of
multipliey 20 and- the Hgsqdusileéndiid gl ' ; .een from
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filter responbtet JE3panss by aspenidally caslew pass response for smoothing
15 the feedback control signal. The operation of muitiplier 20 in

state IV together with PROM 12 generates the phase control
reference signals, such as may be provided by a complex voltage
controlled oscillator (VCO) in a conventional phase locked loop.
Such a conventional phase locked loop for carrier recovery
20 purposes is described in the text Lee and Messerschmidt, “Digital

Communication” (Kluwer Academic Press, Boston, MA, 1988).

The DPLL carrier recovery apparatus of FIGURES 1 and
2 is shown as block 121 in the HDTV receiver system of FIGURE 4.
- 25 An input signal to the receiver exhibits a spectrum as shown in
FIGURE 5. Specifically, FIGURE 5 illustrates the video frequency
spectrum of a high definition television signal which is compatible
with the 6 MHz bandwidth of a standard NTSC television signal
channel, and which may be used as a simulcast signal. The
30 frequencies along the frequency scale of FIGURE 5 (-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.

The HDTYV television signal is a data compresséd signal
35 divided into high and low priority (i.e., standard priority)
information components. In this example audio, synchronizing
and low frequency video information components that are,
intended to be received with high reliability are assigned a high



Kl + K2/(1-2-1), where KI and K2 are the gain factors di scussed
previously, and Z-1 represents a one clock period delay. The loop filter
response is essentially a | ow pass response for snoothing 15 the feedback
control signal. The operation of multiplier 20 in state IV together with
PROM 12 generates the phase control reference signals, such as may be
provi ded by a conpl ex voltage controlleg oscillator (VCO in a
conventional phase |ocked | oop. Such a Griventi onal phase | ocked | oop for
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priority frequency translatlon at the transmitter, resultlng in the spectrum
shown in FIGURE 5.

The amplitude of the narrowband QAM component is
. significantly greater than that of the wideband QAM component,
20 twice as large in this example. The -6 db bandwidth of the
narrowband QAM component is 0.96 MHz, and the -6 db -
bandwidth of the wideband QAM component is 3.84 MHz, or four
times the bandwidth of the narrowband QAM component. The
nonlinear band edge transition regions of the narrowband and
25 wideband QAM components are shaped by finite impulse response
(FIR) filters with a square root of a raised cosine characteristic, to
produce smooth transition regions which avoid unwanted high
frequency effects produced by sharp transition regions. The
narrowband component exhibits an amplitude-versus-frequency
30 characteristic with an excess bandwidth of approximately 17%, i.e
17% more than the theoretical minimum bandwidth defined by

*

.1 .1
the expression 2XT where T is the symbol period for the subject

signal. The amplitude-versus- frequency response of -the
wideband component in the band edge transition regions (not

35 drawn to scale) has one quarter the slope of the steeper
narrowband component. '



, high priority information exhibits a narrow bandwidth relative to the
;r(r)]\(/a\/ p?i olroi ty imyormation, and narrowband quadrature anplitude nmodul ates
(QAM a 0.96 MHz carrier. The 10 low priority information w deband _
quadrature anplitude nodulates a 3.84 MHz carrier. A r_es't'JItl ng conposite
signal is a formof a nultiple QM signal, i.e., a "twin" QAMsignal in
this instance. The conposite twi n QAM sigpal has been translated into the
6 MHz standard tel evision band by neans of appropriate 15 frequency
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narrowband QAM signal is 4.8 Mbps (0.96 MHz x 5 bits). The
15 described multiple (twin) QAM signal exhibits significant co-
channel immunity from interference associated with a standard
NTSC television signal, i.e., an NTSC signal transmitted from a
different location in the same channel as the twin QAM signal., Co-

channel interference from the twin QAM signal into an NTSC signal
20 also is reduced significantly.

The bit rates of the wideband and narrowband QAM
signals, 15.36 Mbps and 3.84 Mbps respectivzly, advantageously
exhibit a 4:1 integer relationship.  This relationship simplifies

"25 recovering the narrowband and wideband QAM information at a
receiver, since the same derived data clock can readily be used for
timing the data Tecovery operation of both QAM components. The
required data clock rates for the receiver system can be easily

derived from the readily recovered high power narrowband QAM
- 30 signal.

In the receiver system of FIGURE 4, a broadcast twin
QAM signal received by an antenna 110 is applied to an input
signal processor 112 including RF and IF stages. Processor 112
35 also receives reference signals REF 1 and REF 2 corresponding in
frequency to raference signals used at the transmitter for
developing the iransmitted signal.  Output signals from processor
12 include a wideband QAM component (WB+ and a narrowband




conponent "Q'. The I|-phase conponent nodul ates a suppressed cosine
carrier, and the Q phase conponent nodul ates a 5 suppressed sine carrier. A
data "synbol" is represented by both the | conponent and the Q component.
In the case of a 32 QAM signal, each I and Q conponent exhibits 32
possi bl e anplitude I|evels, or values, for each of the narrowband and

‘W deband QAM signals, hence-."32" QAM Tw_bits are needed to specify the .
| evel s 10 of each | and Q conmponent, whereby each data synbol requires
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priority processor 150 achieves a similar result with respect to a
‘_wideband QAM constellation.

The digital sampled binary output signal from unit
20 116 is applied to a demodulator 118 in a narrowband QAM high
priority signal processor 119. Narrowband QAM demodulator 118
includes an input filter having an amplitude versus frequency
response characteristic which substantially conforms to the shape
of the amplitude versus frequency characteristic of the modulated
25 narrowband QAM component as shown in FIGURE 5. The
wideband output signal from unit 117 is applied to a wideband
QAM low priority signal processing network 150 which includes
elements similar to those found in the narrowband QAM high
Priority processor.  Wideband QAM low priority processor 150
30 includes a demodulator with an input filter having a response that
substantially conforms to the shape of the amplitude versus
frequency characteristic of the modulated wideband QAM
component shown in FIGURE 5. Thus the receiver system exhibits
signal attenuating notches at frequencies associated with high
. 35 energy information in a standard definition television signal.

. Adaptive equalizer 120, of conventional design,
receives the demodulated quadrature phased 1 and Q components




ing the transmtted signal. Qutput signals from processor 112
?ﬁ\éfluggl agvm' deband QAM corrpongnt (WB - and a narrowband -12- QAM conponent
(NB) which are conveyed via respective analog- to-digital converters 11150
and 116 to a high priority processor 119 and a |ow priority processor :
The signal processed by processor 112 exhibits the conposite rmduljaHElc;nz
frequency 5 spectrum shown in FIGURE 5. _ %e.rence signals REF 1 ﬁn _
are locally generated in the receiver, it may happen that these
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15 adjustment is accomplished by changing the tap weights of filters

associated with equalizer 120. Equalizer 120 is capable of sub-

sampling within a symbol period to produce the amount of phase

and amplitude change needed to produce the desired output

amplitude and phase characteristics. As a result of this ability,

20 the operation of equalizer 120 is substantially insensitive to the

phase of a clock signal applied to equalizer 120, although such

phase preferably should be substantially constant. Equalizer 120

may be a synchronous equalizer, although a fractionally spaced

equalizer exhibits better performance with respect to the phase
25 characteristics of an applied clock signal. Fractionally spaced and
' synchronous adaptive equalizers are discussed in the text “Digital

Communications”, Lee and Messerschmitt (Kluwer Academic
Publishers, Boston, MA, USA, 1988).

30 Outputs of equalizer 120 are applied to a DPLL carrier
recovery network 121, which operates as discussed in connection
with FIGURES 1 and 2, for providing phase corrected sin and cos

output signals to reference inputs of equalizer 120. Output signals
from adaptive equalizer 120 are applied to a decoder 122, 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

35



- f.requency characteristic of the nodul ated wi deband QAM conponent shown in
FI GURE 5. Thus the receiver systemexhibits signal attenuating notches at
" frequencies associated with high 35 energy information'in a standard
definition television signal. Adaptive equalizer 120, of conventi onal
design, receives the denodul ated quadrature phased | and Q conponents -13-
from denodul at or 118. Equalizer 120 enpl oys .an adaptive digital FIRfilter
to conpensate for anplitude and phase irregularities, e.g., including
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As a result of this ability, 20 the operation of equalizer 120 is

substantially insensitiye .t he hase of .a cl qck signal, applied to
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spaced am : ala decompression networks such as Huffman decoders
and inverse quantizers, error correcting networks, and
de-multiplexing and signal combining networks for providing
separate audio and video television signal components. The audio
component is processed by an audio signal processor 142 before
20 being applied to a sound reproducing device 146. The video
component is processed by a unit 144 to produce zn image

Tepresentative signal which is applied to an image display device

148. |

25 A direct digital frequency synthesizer 129 produces a
15.36 MHz clock signal CLX in response to a master clock signat
from a system clock generator 130, which also provides. the
master clock signal to a frequency synthesizer 135 for developing

‘o 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 REF 1 and REF 2 nominally correspond
to those of corresponding signals used at the transmitter. Any
deviation of the frequencies of these signals from desired
35 frequencies is compensated for as described above. Signal CLK
fl:om source 129 is the clock signal for digital signal processing
circuits in low priority processor 150. The high priority
narrowband processor processes a signal with a bandwidth that is



synchronous adapti ve equalizers are discussed in the text "Digital

Commruni cations", Lee and Messerschmtt (Kl uwer Academ c Publishers,

Boston, MA, USA, 1988). 30 Qutputs of equalizer 120 are applied to a DPLL
carrier recovery network 121, which operates as discussed in connection
with FIGURES 1 and 2, for providing phase corrected sin and cgs output
signals to reference inputs of equalizer 120. Qutput signals from adaptive

~equalizer 120 are applied to a decoder 122 - whi ch 35 essenti al | y exhibits

the inverse afpar i ORET @fal rmed_, by .an encoder. at the.
transnitter. L%ok%ﬁt tegfealiﬁtec g';r}g?%'{e% yignak  nHgpeey fie thigh praditint
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DPLL carrier recover | e 'type discussed in connection with
FI GURES 1¢3, except that, conpared to the DPLL in the high priority
narrowband processor, dikd gr&mte S A sed.. Al so, each
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networks for providing,. separat >
"conponent s. 'fﬁ'gpgﬁﬁi B f%ﬁgbn%#ﬁrowiaﬁdoma@u signah faoni dnphgnprogessarssor

142 before 20 1%iary wiPpbe esbenoim FIGUREr 6ph9GwplRa ALY f6nkfbar hGayi deo
conponent i s JU QeSS e%pyeagdur}iit 14e4r tg roduce an 1 nmpge represéntative
signal wi chf; LERF AT &8 4 MEYLety0 pﬁaﬁe@gﬁt% such“as a multiplier
5 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
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
20 power wideband QAM component, which output component is
1gnored by subsequent signal'processing units.

The 0.96 MHz symbol rate output component from
unit 131 is bandpass filtered by a filter 132 before being applied
25 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
provide an adequate signal-to-noise ratio. Phase control unit 137,
. responsive to the 0.96 MHz symbol rate output component from
30 filter 132, forms a phase locked loop together with a low pass
filter 138, synthesizer 129 and a divide-by-16 frequency divider
139.  Filter 138 removes spurious frequencies including noise
produced by the operation of nonlinear signal generator 131.
Frequency divider 139 receives a 15.36 MHz signal from
35  synthesizer 129 and provides a frequency divided 0.96 MHz
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




148. 25 A direct digital frequency synthesizer 129 produces a 15.36 Mz
clock signal CLK in response to a nmaster clock signal froma system cl ock
generator 130, which also provides the naster clock signal to a frequency
synt hesi zer 135 for developing reference signals REF 1 and REF 2. The
mast er cl ock signal from 30 generator 130 is used to synchroni ze the
operation of synthesizers 129 and 135, ah@-exhibits a frequency of 10 MHz

in this exanplrr%. TBe f{f@uenci es of ,signals REF | and REF 2 nominally
correspond t & FhoHER: 13Ky BEsh IR Hiptergingds hysable afreqhenty aofsmhé ter . Any

devi ation of $igaal rfequendoek géndramse 130gNaTRe f 5N HERIEEDIRRES %g‘ enci es
I S conpensat eglddk M b . olgnal, CLK. from squrce J1s the
clock signal for éfﬁt‘gﬁ@?%ng n%?%\égssgi"h oidal Valpes i‘mﬂ syRfhnsizs
processor I5350. CTRU UG ALEaL oftomy umrk2fubaiitie pfumersoiof pumic e53®smay shanal
with a baddw thhlerhedteds with- ieRgried t t t , d si.ghal .
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CLK/ 4 with a “frequéncy | 3<8HRI HREPPTSHOM, of haan dPiegogn@aliftrkia.as
provided by a frequency divider 136. 5 The frequency of clock signal CLK
at the receiver corres t tyequency of .a cl ock signal enployed. at
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the transmtter. Establi t he prope Hquency is
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the symbol ral@dSBs frequency characteristic of the input signal, particularly at
: 15 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
signal, whereas a shallow band edge slope producés a large
amplitude output component.
20
The phase locked loop including elements 137, 138,
129 and 139 coact to maintain a substantially 0° phase difference
- 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
25 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. |

FIGURE 6 shows details of input signal processor 112
30 and frequency synthesizer 135 in FIGURE 4. Input signals from
antenna 110 are applied to a tuner section 210 which also
includes a mixer for producing an intermediate frequency (IF)
output signal in accordance with known signal processing
techniques. An RF amplifier within tuner 210 is gain controlled in
35 Tesponse to an RF AGC signal. The IF output signal from tuner 210
1s applied to an IF processor 212 including a SAW filter 214
having a bandwidth of approximately 6 MHz centcred at 43.5




t-he narrowband QAM conponent. In this case the synbol rate is 0.96 M1z,
one-quarter of the bit rate. Unit 131 also produces a highly attenuated
_out put conponent at the synbol rate of the |ow 20 power w deband QAM
conponent, which output conponent is ignored by subsequent signal
processing units. The 0.96 MHz synbol rate output conponent from unit 131
is bandpass filtered by a filter 132 befoye_being applied 25 to a phase
control unit 7 includiqg a phase detector. Filter 132 has a center

frequency at t'hez0and amzAGisonplifieqddecwhidhes pandwbatbied &ilter 132 is

not critical, rdspbnsdayl gh UE autdi ﬁg’ﬁgf to providée an adequate ‘
signal -to-noi se ratio. Phase contr unit 137, responsive to the 0.96 MHz

synbol rate output conponent from30 filter 132, fornms a phase | ocked | oop -
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The magnl Sudemlz 8ttt Atk SHGRAL TR oG onal from filter 234 is

applied to unit 131 in FIGURE 4. Frequency down converted

\gvidc.band and narrowband output signals are provided at outputs
of filters 230 and 236, respectively.




signal generator (e.g., multiplier) such as unit 131 in response to an
input QAM signal is a function of the shape of the anplitude versus
frequency characteristic of the input signal, particularly at 15 the band
edges. For a given passband anplitude characteristic, a steep slope at the
band edge produces a small anplitude single frequency output conponent at
the synbol rate of the input signal, whereas a shall ow band edge sl ope
produces a | arge anplitude output conﬁﬁﬁent. 20 The phase | ocked | oop
including elements 137, 138, 129 and 139 coact to naintain a substantially
0 phase dCLAHVIEnce between the 0.96 MHz input signal applied to phase
control 137 fromunits 131 and 132, and the 0.96 MHz input signal applied
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processor_112. .3 frequen synt.hesi zer, 135 in FIGURE 4. |nput signals
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out put si fromtuner 210 is applied to an |IF processor 212 including a
ol

SAWTfilte " havi ng a bandwi dth of approximtely 6 MHz centered at 43.5
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an | F AGC si g]nal. An out put signal from processor 2 I's applied to an
| F f r equesigialdenprasiieing a proaasedaondelatad caieri ncl udes signal  multipliers
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by a constellation associated with said processed carrier relative to a constellation
associated with said television signal; and

means for coupling said control signal to said signal processing path for
reducing said offset; wherein

said means for generating said control signal is a time multiplexed
processor characterized by: having plural operating modes, providing a product-
type output signal in at least one of said plural operating modes representative of
said offset, and said multiplexed processor exhibits a complete multiplex
operating cycle within said symbol period.

| 2. Apparatus according to claim 1, wherein

said multiplexed processor responds to a first signal containing a
constellation of symbols at received locations, and to a second signal containing a
constellation of symbols at éxpected locations, said output signal of said
multiplexed means representing a difference between said received and

expected locations.

3. Apparatus according to claim 1, wherein




oscillator 228, all arranged as shown. Miltiplier 224 responds to a
reference signal fromoscillator 228 and to the output signal 10 from
processor 212. Miultipliers 222 and 226 al so respond to the output signal
from processor 212, and to reference signal REF 1 and REF 2. The latter
signals are devel oped by w deband synthesizer conponent 135A and

narr owband synt hesi zer conponent 135B of unit 135 in FIGURE 4, in response
to the 10 15 MHz system clock signal. fg output signal fromfilter 234 is
applied to unit 131 in FIGJRE 4. Frequency down converted w deband and
narrowband out put signals are provided at outputs of filters 230 and 236,

respectively.,18 1. .te]l evisign signal receiving apparatus
including a séil‘gnal i%]:réo!r %K@Esﬁ%ﬁaé’@%t%c‘?@? ?ply@leg%‘gi ng a tel evision signal
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sai d tel evi sisaid séfgreaice signalneeing slibject twpkhiblingad Bhasd of HeqaeBpbfE& sai d

si gnal RLi cgssi n patcg for reducing said offset; wherein said neans for
gener at | 31 HPECC A SFa 8 hnal is a time multipl exed processor
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output signal .in at |east one of said plural” operati es representative
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with symbols at expected locations; and

means for providing timing signals to said phase locked loop for causing said
phase locked loop including said multiplier means to exhibit time-multiplexed
operation.

7. Apparatus according to claim 6, wherein

said phase locked loop including said multiplier means exhibits said complete
multiplex operating cycle within said symbol period

8. Apparatus according to claim 6, wherein

said control signal adjusts the phase of said reference signal.

9. Apparatus according to claim 6, wherein

said television signal exhibits a spectrum including said quadrature amplitude
moedulated carrier modulated with high priority information relative to information
‘modulating an additional carrier in said spectrum; and

said phase locked loop including said multiplier means exhibits said complete
multiplex operating cycle within said symbol period.
: 10.  Apparatus according to claim 9, wherein

said input means comprises an adaptive equalizer.

11.  Apparatus according to claim 6, wherein

said phase locked loop is a second order phase locked loop.




said nultiplexed processor responds to a first signal containing a
constellation of synbols at received | ocations, and to a second si gnal
containing a constellation of synbols at expected | ocations, said output
signal of said nultiplexed means representing a difference between said
recei ved and expected |ocations. 3. Apparatus according to claiml,
wherein 19 4. Apparatus according to claim1l, wherein said nultiplexer
processor conprises a signal multipliesg 5. Apparatus according to claim
4, wherein said multiplexed multiplier nmeans is nultiplexed with |atch
means successively performmultiplying and accunul ating functions. 6.
Appar at us accgpy di aim11.. wherein: id reference signal being

subj ect to exHibi {}?Ri}ga?%tgsha‘é%‘”g%"gf F%&%Wchof"flleé'?m #Pdh Phase deskads laog ¢
carrier;insddsneans for generating said control signal including a phase
| ocked | oop co risinq‘nultipller means providigg an out put signal as a

function of JEPENDIEERANSIVE 1o s yacessed modylated geatienfarhselpeting saiat
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for causMegosningeansniasegenatking Isaish secaridudigng! sthdsaid! $ynpholerat reqestedo
exhibit|55g%ﬁgultiplexed operation. 7. Apparatus according to claim®,
wher ei n sai d phase | ocked | oop including said nmultiplier nmeans exhibits

sai d conpl et 3. nulApparatus apesring® daitl €2 Wrihed cémipfisiynbol period 8.
Apparatus according to claim®6, wherein said control signal adjusts the
phase of said reference signal. 9. Apparatus according to claim®6, wherein
sai d tel evi sirfgdary ig "yl Bﬁﬁg i i o ture
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relative to information nodulating an additional carrier in said spectrum
and sai d phase | ocked | oop including said nultiplier neans exhibits said
conpl ete




mul tipl ex operating cycle within said synmbol period. 10. Apparatus
according to claim9, wherein said input nmeans conprises an adaptive
equalizer. 11. Apparatus according to claim®6, wherein said phase |ocked
loop is a second order phase |ocked |oop. 20 12. Apparatus according to
claim 11, wherein said phase |ocked loop includes; means responsive to
sai d processed nmodul ated carrier for selecting said synbols, said

sel ecting neans exhibiting a first sigr2@ gain factor and including nenory
nmeans for generating said second signal with said synbols at expected

| ocations. 13. Apparatus according to claim 12, further conprising neans |n

sai d phase | ocled |f0Q§Ie9PSiUrbBTghagr@céﬁﬁ@%pﬁ%&ﬂ@'m&ﬂdlﬂ fé‘%‘i ﬁgéess?n
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responsi ve carrier and to said reference signal for
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| ocked | oop_for generating a control signal as a function of an offset
exhi bi teocagg}ea constel | ation associated with said frequency offset carrier
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for coupling said control to sald sigha proceSS|ng
reduci ng ryagréplm ﬁé‘@que@ai/@ffﬁetangdtﬂletedgmmelatl ng said cont roI Si gnal is a
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Lo - functlon of an offset exhibited by a constellation associated with said frequency offset

carrier relative to a constellation associated with said television signal,

means for coupling said control signal to said signal processing path for
reducing said offset,

said means for generating said control signal is a time multiplexed processor
including a multiplier characterized by:

said included multiplier is clocked to operate in a plurality of muliiplexed
operating modes and provide a product output signal in at least one of said operating
modes representative of said offset, and said included multiplier exhibits a complete
multiplex operating cycle within said given symbol period.

15.  Apparatus according to claim 14, wherein

said multiplexed processor responds to a first signal containing a constellation
of symbols at received locations, and to a second signal containing a constellation of
symbols at expected locations; said output signal of said multiplexed means
representing a difference between said received and expected locations.

16.  Apparatus according to claim 14, wherein

said television signal exhibits a spectrum wherein said quadrature amplitude

modulated carrier is modulated with high priority information relative to

information modulating an additional carrier in said spectrum.

17.  Apparatus according to claim 14, wherein




operating nodes and provide a product output signal in at |east one of said
operating nodes representative of said offset, and said included
multiplier exhibits a conplete multiplex operating cycle within said given
synbol period. 15. Apparatus according to claim 14, wherein said

mul ti pl exed processor responds to a first signal containing a constellation
of synbols at received |ocations, and to a second signal containing a
constellation of synbols at expected Rfgati ons, said output signal of said
mul ti pl exed neans representing a difference between said received and
expected | ocations. 16. Apparatus according to claim 14, wherein said

tel evision signal exhibits a spectrumwherein said quadrature anplitude
modul ated carrier is nodulated with high priority information relative to
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19.  Apparatus according to claim 14 or claim 18, wherein

said control signal adjusts the phase of said reference signal.

20.  Apparatus according to claim 14 or claim 18, wherein

said frequency shifting circuitry comprises an adaptive equalizer

21.  Apparatus according to claim 14 or claim 18, wherein

said phase locked loop is a second order phase locked loop.

22.  Apparatus according to claim 14 or claim 18, wherein

said phase locked loop includes

means responsive to said frequency translated modulated carrier for selecting.
said symbols, said selecting means exhibiting a first signal gain factor (K1) and
including memory means for generating said second signal with said sy.mbols at
expected locations.

23. . Apparatus according to claim 22 and further including

means in said phase locked loop exhibiting a second signal gain factor.

24 Apparatus according to claim 1, wherein:

said input means comprises a multiplier responsive to said modulated carrier

- and to said reference signal for producing a frequency offset modulated carrier, said

frequency offset modulated carrier being said processed modulated carrier,
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22. Apparatus according to claim 14 or claim 18, wherein said phase |ocked
| oop i ncludes neans responsive to said frequency transl ated nodul at ed
carrier for selecting said synbols, said selecting neans exhibiting a
first signal gain factor (K1) and including nmenory neans for generating
said second signal with said synbols at expected |ocations. 23. Apparatus
according to claim?22 and further including neans in said phase | ocked | oop
exhi biting a second signal gain factor.20c24 Apparatus according to claim1,
wherein: said input neans conprises a nmultiplier responsive to said

nodul ated carrier and to said reference signal for producing a frequency
of fset nodul ated carrier, said frequency offset nodul ated carrier being
sai d processedaggdulatgd carrier, 20c said neans for generating said
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nodes and provi de sal |gnal in at | east one of said
oper at'i ng ‘nodesid fime multiplexed processor comprises a multiplier clocked to operate in

said plurality of multiplexed operating' modes and provide said product output signal
in at least one of said operating modes.




