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tel evi sion (HDTV) syst erry whi, Ch,;;\ . _
nodul ation signal, such as: @ pul.se anpl ity ;é'"rio ‘,._at L.on '(PAM si gnal .
ne of various forns of PANi S, quadrat e arrpl i tuHé‘"'l"”O'lrmduI ation. (QAM
which will be used to desciibe.an. embodinent - ofthesilnvention. A
~prioritized dual .carrier QAM decoding system

MULTIPLE CARRIER DIGITAL
TELEVISION SIGNAL DECODER

5 This inveation concerns a digital television decoding
apparawus, for use in for example a high definition television
(HDTV) system, which is responsive to a multiple carrier
‘modulation signal, such as a pulse amplitude modulation (PAM)
signal. One of various forms of PAM is quadrature amplitude

10 modulation (QAM) which will be used to describe an embodiment
of the invention. ‘A prioritized dual carrier QAM decoding system
is described in U.S. Patent 5,287,180 - H.E. White, and in U.S.
Patent 5,122,875 - Raychaudhuri et al.

‘In a QAM symbol transmission system, a transmltted data

15 symbol is represented by both “I” and “Q” quadrature components
which modulate respective quadrature. phased carriers at a given
frequency. Each symbol may comprise-several bits, and the
number of bits/symbol dictates the type of QAM system, i.e., 16-
QAM, 32-QAM, etc. Each symbol is mapped (assigned) to a

20 prescribed coordinate in a four-quadx_‘;int grid-like . constellation
using a look-up table (e.g., a ROM). A prescribed number of
symbols occupy assigned areas.in each quadrant.- In a 32-QAM
system, each quadrant of the constellation contains eight symbols
at prescribed coordinates with respect to quadrature I and Q axes.

25 Certain symbol bits designate the constellation quadrant in which
a symbol is located, and certain bits de&gnate the particular
coordinate in that quadrant assigned to the symbol. QAM systems
of this general type are well known. - -

In the system disclosed in White‘_{f‘fand in Raychaudhuri et al.,

30 a television signal representing high 'dﬁfinition image information
is transmitted using two QAM carriers frequency multiplexed in a
standard 6 MHz television transmission baseband. One of the
carriers conveys high priority informaiibn, while the other carrier
conveys (relatively lower) standard priority information. The

35 high priority (HP) information is the ':i'iiformation needed to create
a viewable 1mage, although less than a perfect image, and is
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is desgribéd in-U 'S Patent 5,287,180 - HE Wite, and in US. - Patent

5,122,875 - Raychaudhuri et al. I'n a QAM synbol transm ssion
system a transmitted data 1 5 synbol is represented by both "I" and "Q@
quadrature conponents whi ch nodul ate respecti ve quadrature phased
carriers at a given frequency. Each synbol may conprise several bits,

and the nunber of bits/synmbol dictatgs the type of QAM system i.e., 16-
QAM . 32-QAM etc. Each synbol is napped”(assigned) to a 20 prescribed -
~coordinate i conveyed - withd rsignificantly | more opower| shamthe standarda | ook- up

table (e.g. Rﬁoﬁ?g» 35?9 Pingsft %ﬂsﬂ rw'ﬁmr i®Tthe rémahifing deformativini 9ThHe

areas in eac

constel | ati ohlébnpﬁpﬁﬂeﬂ m!ﬁ}lﬂbl %xhlbl St&g?@%aﬁgé&mﬁn%@%‘éh

~ respect 10 Qyadihat %Eﬂldara“i!r@rﬁ&einf&%ﬁ%ﬁ ala&dsliﬁfbﬁhr@fdre dadlgriese the

- constellation quadrant in nbol .i §" | pcat its

~desi gnate PhETORE t‘PcGP&'?“pt‘o'bg?* cﬂ‘ﬁafréxm“?ﬂg? 6 ﬁ@‘%lﬁﬁ’ 8%"’%}

. synbol . QAM iy doeased inofhathpertimmeofaithe yﬁeqaency/\m;iecMum\mf a telev:smtln t he

- system di scl o33dndilsibl' bhadiél, '@gRaXﬁWréhﬁhefl which is normally

5 occupied by the vestigial sideband of a standard NTSC television
signal. This portion of the signal is n_qrmally significantly

10 attenuated by the Nyquist filters of standard receivers, so that
HDTV signals with this transmission format will not introduce co-

" channel interference.

One approach to decoding such a dual QAM signal, as

disclosed by White, employs two para_l!el signal paths for

15 processing high pﬁoﬁty and standard priority signal components,
respectively. [Each path contains an adaptive equalizer. In
addition, each path contains a derotator/demodulator responsive
to an error signal for carrier recovery (correction) purposes. The
complex (I,Q) adaptive equalizers in each of the parallel signal

20 paths of White represent large, complex and expensive hardware
components. :

A system for reducing the amount of such parallel hardware
to produce a less expensive system is described in U.S. Patent
5,263,108 - Lauren A. Christopher, “Apparatus for Time Division

25 Muiltiplexed Processing of Plural QAM Slgnals” To this end the
Christopher system employs time d1v1s1on multiplexed processing
of high priority and standard pnonty____gomponents of a received
composite signal. While advantageoﬁéiy reducing the hardware
requuements compared to the White system, the system

30 described by Christopher introduces the added complication of
time division multiplexing. The signal processing system
described herein offers a further refmement of a prioritized QAM
decoder by advantageously avondmg both the hardware
requirements of White and the time d1v1s10n multiplex complexity

35 exhibited by Christopher, without compromlsmg the quality of a

~ decoded QAM signal.
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30 a televi'sion signal representing high definition image information S
transmtted using two QAM carriers frequency nultiplexed in a standard 6
MHz tel evision transm ssion baseband. One of the carriers conveys high
priority information, while the other carrier conveys (relatively |ower)
standard priority information. The 3 5 high prlorlty (HP) information is
the informati on needed to create .a gl ewabl e i mage, although less than a

perfect inmage, and is REPLACENMENT
SHEET In accordance with the principles of the invention there is

provided digital signal processing apparatus. for processing a
television signal, and having input means for receiving a mdltiple
carrier composxte PAM signal. Signal condmomng means,

5 including adaptive equalizer means, is responsive to the composite
signal for providing a conditioned composite signal at an output.
The equalizer means includes a single equalizing device having a
wideband response encompassing more than one of the carriers
‘and defined by one set of coefficients fqr equalizing the _mote than

10 one carriers without separating the carriers from the spectrum of
said composite signal prior to equalization. There is also provided
means for deriving an.error signal repieSenting a condition of said
PAM signal, and means for coupling the error signal to the signal
condilioning means. |

15

FIGURE 1 is a block diagram of a digital HDTV QAM
receiver/decoder in accordance with the principles of the present
20 invention. |
FIGURE 2 depicts the baseband video frequency spectrum of
a dual QAM high definition television signal received by the
system of FIGURE 1. |

25-" Detailed Description

Before discussing the system shown in FIGURE 1, it will be
helpful to consider FIGURE 2, which depicts the frequency
spectrum of a prioritized dual 32-QAM baseband video signal

30 prpduced by the disclosed system as will be discussed.

" FIGURE 2 illustrates the video frequency spectrum of a high
definition television signal which is compauble with the 6 MHz
bandw1dth of a standard NTSC televnsxon s1gnal channel and

35 with a standard NTSC video frequency spectrum, the frequencies
along the freq__uency scale of FIGURE 2 (-l .25 MHz to 4.5 MHz) are
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conveyed with significantly nore power than the standard priority (SP)

i nformation, which is the remaining information. The high priority

i nformati on exhibits a narrow bandw dt h conpared to the standard
priority information, and is therefore much less 5 prone to corruption by
the transm ssion channel. The HP carri er is locatéd in that portion of
the frequency spectrum of a television transm ssi on channel, e.g., an
NTSC channel, which is nornally occﬁpfed by the vestigial sideband of a
st andard NT9efereneedsimrthe 08 MHz fidguenpyr locations of hehes Rfhgpicturenor mal | y

si gni fi cant Meg_ﬁ{aﬁnﬁﬁ %sténjﬂe Nyquist filters of standard receivers,
sighal s W T

so that | Thi'S transmission format will not introduce
co- channel inThefHERV¥esignal is a dataccompressed signabolivided,sforh a dual

1Q°\g/| signal , _é@amPlé?i ﬁﬁbohi’?l byndV¥thfd r?dﬁgf ‘.’&rﬂgéﬁéﬂt?!. SidRls paths for
procesgsi ng high prj.ori ind st,andar riorit I gnal, ;conponent s,
respect i v; ye’?ﬁBBPF p&d‘}oco?%%?ﬁgnﬁnadﬂﬂ i B‘é“’eﬁﬁéf{\%y.'vl@o addi ti on,
each path comfermationd Compéments ewldch aary intemdsisitoc be réceivederwieh si gnal
for carrier ﬂi%(ﬂO\foiXbﬁﬁgr are ta'ls%{]gn&fl P %%Eﬁ' px-'ri?)?'_lty. The synchronizing
information, for example, may be in the nature of a training signal
containing a unique signature or code to facilitate signal recovery.
10 and processing at a receiver, and illustratively may include field
rate scanning information (e.g., start of field markers). -Other less
critical components, such as high frequency video information, are -
assigned a lower standard priority. The high priority information
exhibits a narrow bandwidth relative to the standard priority
15 information, and quadrature amplitude modulates (QAM) a 0.96
MHz first suppressed carrier referenced to a carrier reference
signal REF as discussed below. The standard priority information
quadrature amplitude modulates 'a 3.84 MHz second suppressed
carrier which is also referenced to signal REF. A resulting
- 20 composite signal is a form of a multiple QAM signal, i.e., a “dual”
QAM signal in this instance. The composite dual QAM signal is
translated into the 6 MHz standard television band by means of
out-of-band reference signal REF. The frequency of signal REF is
chosen so that when signal REF is modulated by the composite
25 QAM signal, one of the resulting sum or difference components
falls within the band of frequencies aséociated with a desired
radio frequency television channel, such as simulcast VHF channel
3. Signal REF is modulated by the composite dual QAM signal to
produce a double sideband modulated signal, the lower sideband
30 of which is rejected and the upper sideband of which is retained
as illustrated by FIGURE 2. '
The amplitude of the narrowband HP QAM component is
significantly greater than that of the wideband SP component, e.g.,
twice as large. The -6db bandwidth of the HP.component is 0.96
35 M_Hz, and the -6db bandwidth of the SP component is 3.84 MHz,
which is four times the bandwidth of the HP component. The

AR
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conplex (1,’Q adaptive equalizers in each of the parallel signal 20 paths
of White represent |arge, conplex and expensive hardware conponents.

A system for reducing the-anmobunt of such parallel hardware to produce a
| ess expensive systemis described in U S. Patent 5,263,108 - Lauren A
Chri st opher, "Appar atus for Time D vi si on 25 Multipl exed Processing of
Plural QAM Signals". To this end the Chri st opher system enpl oys tine

chviston, ™l S4fg pr"cs?ﬁ%h%ms?fefi‘i St B, el e 'Y
reduci ng t heSPacomponents areqshapsietiys finitesimpulse résp ddlseteFHy)stfﬁmstPe
e di i?s?ﬁ‘ﬁﬁku A, P RBOF iC fﬂhﬁ# %%Bﬁéigﬁéc@%%?%m"t%%@%# ' bed
her ei n of f ersmeothurtransitiosf inegihens which pa\f(ndl ninveant@dvhigh frequencyby .
ST S PRy e, A ST L
‘conprom sing the IHPyaB §P ignals gachse in quadrature “I” and
“Q” components. A data word, or symbol, is represented by both I
and Q components. In the case of a 32-QAM signal, each I and Q
component exhibits eight discrete amplitude levels, resulting in a

10 total of 32 possible amplitude levels, or values (8 levels x 4
quadrants), for each- HP and SP QAM signal. Three bits are needed
to specify the eight levels of each I and Q component, and two bits
specify the QAM constellation quadrant. Thus each symbol
requires five bits to specify the thnrty-two coordinates of a four

15 quadrant 32-QAM constellation.

The 32-QAM signal to be discussed exhibits. symbol rates of
0.96 MHz and 3.84 for the HP and SP data, respectively. The
‘symbol rate is independent of the type of QAM processing being
used (e.g., 16-QAM or 32-QAM). Using four time oversampling,

* 20 the HP sampling rate is 3.84 MHz and the SP sampling rate is
1536 MHz. At five bits per symbol in the case of 32-QAM, the HP
and SP bit rates are 4.8 Mbps and 19.2 Mbps, respectively.

The described prioritized dual QAM system exhibits
significant co-channel immunity from interference associated with

25 a standard NTSC television signal, i.e., an NTSC signal' transmitted
from a different location in the same channel as ‘the dual QAM
signal. This is due to attenuating notches in the QAM spectrum in
the vicinity of the NTSC RF picture carrier and the NTSC sound
carrier, which are associated with high energy information.

30 Conversely, co-channel interference fronfi ‘the dual QAM signal into
an NTSC signal is significantly reduced because the large
amplitude narrowband QAM signal will ‘be significantly attenuated
by a Nyquist slope filter in a standard NTSC television receiver.

In FIGURE 2 the Nyquist slope filter response in a standard NTSC

35 receiver is indicated by a dotted line supenmposed on the low
band portion of the QAM spectrum from' -075 ‘MHz to 0.75 MHz.
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3 ‘ "I'n accordance with the principles of the invention there is
provi ded digital signal processing apparatus for processing a t el evi si on
signal, and having input neans for receiving a nultiple carrier
conposite PAM signal. ‘Signal conditioning nmeans, 5 including adaptive
equal i zer neans, is responsive to the conposite signal for providing a
condi ti oned conposite signal at an output. The equal i zer neans i ncl udes

a single equalizing device having a wi deband response enconpassi ng nore
than one of Thee combination of the 6dB greater amplitude of the narrowband

QAM component and its one-quarter bandwidth relative to the
wideband QAM component results in a- significantly greater power
density than that of the wideband QAM component. The
5 illustrated high priority narrowband QAM signal therefore
exhibits a significant signal-to-noise improvement and lower error
rate relative to the low priority wideband QAM signal.
The large peak amplitude narrowband component contains
video information sufficient to produce a displayed image with
10 definition approximating that of a standard definition -television
image. Thus a viewer should not be overly disturbed if, for
example, the high definition transmiss'idn is momentarily
disrupted. If the low power wideband component containing the
high definition information is disrupted momentarily, the high
15 power narrowband component may be unaffected whereby a
lower definition but acceptable image is displayed momentarily.
The invention will be described in the context of an
Advanced Definition Television (ADTV) receiver system of the
type for processing HDTV signals proposed by the Advanced
20 Television Research Consortium (ATRC). The television signal
represented by the spectrum shown in FIGURE 2 is such a
proposed HDTV signal. However, the pfﬁ(:tice of the invention is
not limited to use in such a system.
FIGURE 1 illustrates a portion of an ADTV receiver
25 incorporating apparatus according to the_present invention. A
broadcast television signal having the spectral characteristics
- illustrated in FIGURE 2 is applied to an input unit 10 including
tuner and Intermediate Frequency (IF) network A local oscillator
in the IF network down converts the cen_tgr of the SP channel to
30 the symbol rate of the SP channel (384MHz), whereby the center
of the HP channel is down-converted to the symbol rate of the HP
channel (0.96 MHz). The IF frequency is' 43.5 MHz in this
example, which places the center of the" aseband SP channel at
3.84 MHz. The down converted s1gnal is' converted from analog to
35 digital form by an analog-to-digital converter 12. Converter 12 is

“ﬁﬁ‘ii“l‘iii|ﬂ°“|iﬁ|l




and def.i ned by one set of coefficients for equalizing the nore than 1 0 one
carriers without separating the carriers fromthe spectrum of sai d
conposite signal prior to equalization. There is also provided ~ neans for
deriving an error signal representing a conditi-on of said PAM si gnal ,
and neans for coupling the error signal to the signal condi tioni ng
nmeans. 15 Bri ef Dqscrlptlon of the EXaMAng

FIGURE 1 | d i t.al  HDTV er/de oder in
accordanclesvﬁalpﬁt?‘i ‘JS%M- Y’?’!‘ﬁb ﬁrf@é’éngﬂgg Fhﬁ/ébf rate o _e FI GURE
2 depicts t 8P bdataband vi deo frequency spectrum of a dual QAM hi gh
definition tel eV"f‘irBPnf | fiRled e Sletetaldr ¥ inclidey %na?n%f-egég i irll'g 25

Det ai |l ed Descrip
recovery clrcults for developing a symbol rate clock from the HP

'5 or SP spectrum of the QAM signal provided to unit 16 from the
~output of A/D converter 12. Unit 14 may include a voltage
controlled crystal oscillator incorporated in a phase locked loop for
deriving a 15.36 MHz sampling clock for A/D converter 12 in
response ‘a symbol rate output signal from reference generator 16.

10 The symbol rate output signal from unit 16 synchronizes the
oscillator in unit 14. Clock recovery unit 14 also develops other
clock signals CLK1 ... CLKN for application to other units of ‘the
system as needed. Additional details of clock recovery networks
to recover a symbol rate clock from a QAM Signal are found in the

15 reference text Digital Communications by Lee and Messerschmitt
(Klewer Academic Press, Boston, MA, USA, 1988).

The composite digital QAM signal, including HP and SP
components each with I, Q quadrature components, is applied to a
90° phase shifting network 18 which separates the I and Q

20 components. The HP and SP “I” component appears at the I
output of unit 18, and the HP and SP “Q” component appears at the
Q output of unit 18. Unit 18 may employ a 90° Hilbert phase
shifter, as is known, to provide the separated quadrature I and Q
components, or a pair of multipliers (mixers) which respond to the

25 output signal from unit 12 and to respecuve sine and cosine
reference signals.

The HP, SP I signal and the HP, SP Q signal from unit 18 are
apphed to a signal conditioning network including a complex
digital adaptive (FIR) equalizer 20 which compensates for

30 transmission channel perturbations, and a QAM constellation
de-rotator 24. Equalizer 20 is a single wideband equalizer with a
response defined by one set of coefficients, and having one set of
multipliers, and responds to dynamically updated filter
coefficients from a unit 22 as will be discussed. Adaptive

35 equalization is discussed in detail in the Lee and Messerschmitt
text mentioned previously. De-rotator 24 compensates for a
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Bef or e .di s€ussing the systemshown in FIGURE 1, it will be hel pful to
consider FIGURE 2, which depicts the frequency. spectrumof a prioritized
dual 32- QAM baseband vi deo signal 30 produced by the disclosed system as

wi |l be discussed. FIGURE 2 illustrates the video frequency
spectrum of a high definition tel evision signal which is conpatible with
"the 6 Mz bandw dth of a standard NgSC teI evi sion signal channel, and

ot andar d nraiaie Dpdse GHof RanHIA oy A fBoR° BRI F2 1N @
frequency sdeseived RAMRTomsiellation. MThis enor weay be groduced by a
variety of factors including local osc:ll_agor frequency variations,
for example. The constellation phase error/rotation may be
5 significantly reduced or eliminated by a so-called carrier recovery
- network. In this example the carrier recovery network includes
de-rotator 24 which responds to equalized I and Q signals from
unit 20, a phase control unit 26, a slicer 28, and an error detector
30 which develops an error signal E1 for use by phase control unit
10 26. Units 24, 28, 30 and 26 comprise the essential elements of a
digital phase locked loop for eliminating the dynamically varying
QAM constellation offset. A filter 32 and a baseband demodulator
25 are included in the phase locked loop.
' More specifically, the composite QAM signal is separated
15 into its High Priority (HP) and Standard Priority (SP) components
by means of a real coefficient digital lo_w_' pass filter 32 and a real
coefficient digital band pass filter 34, respectively. More
expensive complex coefficient filters also could be used. The
following description of the processing of the HP component from
20 filter 32 via units 25, 28, 30 and 40 also applies to the processing
of the SP component. from filtler 34 via correspondmg units 27, 36,
38 and 42.
' The .high priority I and Q components from filter 32 are
demodulated to baseband by means of demodulator 25, which
25 may exhibit one of several known fom__l._s_:;.': For example,
demodulator 25 may comprise a time ‘Hemultiplexer and inverter
to perform the demodulation mixing process. For additional
information about digital QAM modulation and demodulation, see
VLSI Architecture for a High-Speed All -Digital Quadrature
30 Modulator and Demodulator for Digital Radxo Applications,
H. Samueli, IEEE Journal on Selected Areas in Communications, Vol.
8, No. 8, Oct. 1990. : -
Slicer 28 contains a mappmg mechamsm and is programmed
_to select the constellation symbol closest in distance to the
35 received signal sample. The complex I Q plane (constellation) is
divided into decision regions where eac,l__l,_ decision region is the set
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4 referenced to the 0.0 Mz frequency | ocation of the RF picture

carrier in an NISC system - The HDTV signal is a data conpressed

signal divided, for exanple, into high and standard priority conponents.

In this 5 exanple audio, synchronizing and | ow frequency vi deo

I nformati on conponents which are intended to be received with hi gh

reliability are aSS|gned a high prlorlt? The synchron|2|ng I nformati on,
ra

f | e, th t f f,
i que- o gnaBhrbowaes dBak 1 SIPRESE 1o soBe SOl o by aftgr 1T Boesei ng
atfa recei veglecwi\chliel rﬁirlklues%é}nbakgarwieﬁmd‘ isyimbol is ioendcwnrh:eng
i nf ormati on a

o, etled 3t offssh {B ASBRGE ftbm i EapskRd cookbirE slicer
Egmng(r)ngg ﬁﬁdalaa proigccg arrrroie:tpg%rsfimbqir at;t/thenbgpmdof ngg)rdmntﬁ lrjtlg, gaan{ r ow
anaw 5¢'sfickr %o 1? Nf"ylﬂ gf‘ £ r?l\w'h? thel sHckr @g’gdéﬁﬂboﬁ ‘ritH? rature

anpl i tude no at es da rst sup carri ef erenced
to a carrier ammgpte istance offset. The amoun of any such o fset is

sensed by error detector 30, which produces an output error

signal E1 as a function of the amount of offset. Output error signal

El may be produced by a complex multlpher assocxated with error
10 detector 30.

The error signal from detector 30 is provided to phase
control unit 26 for generating quadrature sine and cosine
correction coefficients. These correction coefficients, and the I, Q
components from equalizer 20, are provided to multipliers

15 associated with de-rotator 24 for performing the de-rotating
function. It can be shown that any set of quadrature signals can
be rotated to a desired angular position by performing a complex
multiplication on the quadrature signals. That is, quadrature
signals I and Q can be rotated to conform to corrected quadrature

20 signals I’ and Q’ according to the expressions:

| I’ =Icos (f) + Q sin (f)

Q’ = Q cos (f) - I sin (f)
where (f) is an error correction angle produced as a function of
error signal El1 in this example. A more detailed discussion of a

235 carrier recovery network including this type of de-rotator
apparatus is found in the Lee and Messerschmitt text noted
previously. :

Only one error s1gnal El in this example, is needed to
dynamically restore (de-rotate) the QAM constellation to a correct

30 orientation, since an error signal derived from either the HP

- component or the SP component would represent substantially the
same carrier frequency or phase error, and would produce the
same control effect. .
~ Error signal El also is applied to a control input of coefficient

35 control network- 22 associated with equalizer 20. ~ Another control

input of network 22 receives an error s1gnal E2 generated by
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si gnal .REF ‘as di scussed bel ow. The standard priority information
quadrature anplitude nodul ates a 3.84 MHz second suppressed carrier
which is al'so referenced to signal REF. A resulting 20 conposite signal is
a formof a nultiple QA Msignal, i.e., a "dual” QAM signal in this

i nstance. The conposite dual QAM si gnal S translated into the 6 M&z
standard tel evision band by means of 1@ out-of-band reference signal REF.

modul ot ad IR 38TARY _a%ﬁaﬁeﬁé?% *nt" HentiEl SHGRRY SEpnhpt
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_particular system. For example, updated coefficients may be
generated simply as a result of combining error signals E1 and E2,

10 and may operate so as to minimize error signals E1 and E2
substantially simultaneously. The updated coefficients generated
by network 22 are applied to a coefficient Random Access
Memory (RAM) associated with digital adéptive FIR equalizer 20.

An adaptive equalizer such as unit 20 is a complex,

15 hardware intensive device even when, as in this embodiment, it is
not subjected to time multiplexed operation at a high switching
rate. Equalizer 20 is considerably more complex than other signal
processing units including units 24, 25, 26, 28, 30, 32 and 40.
Equalizer 20 may be of a conventional design with an adaptive

20 digital FIR filter network to compensate for amplitude and
frequency/phase irregularities caused by the transmission
channel. In this example equalizer 20 is a decision directed
passband equalizer responsive to dynamically updated
coefficients provided by network 22 in response to feedback error

25 signals E1 and E2. The equalizer coefficients are dynamically
updated by signals E1 and E2 after an initialization interval during
which equalizer 22 is initialized using blind equalization or using
training signal techmiques. Equalizer 20 preferably is a
fractionally spaced device which exhibits an adaption rate which

30 is a fraction of the symbol rate.

Processed high priority components HP-I and HP-Q from
unit 28, and processed standard priority components SP-I and SP-
Q from unit 36, are respectively decoded by units 40 and 42 to
recreate the original bitstreams. Units 40 and 42 include a

35 differential decoder to perform the inverse of the differential
symbol coding and mappmg operatlons performed by the
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3 5 Mz, and the -6db bandw dth of the SP conponent is 3.84 Mz, whi ch
Is four times the bandw dth of. the HP conponent. The . band edge
transition regions of the narrowband HP and w deband SP conponents are
shaped. by finite inpul se response (FIR) filters with a square root of a
rai sed cosine characteristic, to produce snoot h transition regions which
avoi d unwant ed hi gh frequency 5 effe s produced by sharp transition

regi ons. The HP nd SP nal s each contain quadrature "1" and
Qg corrponerﬂ%“s'mtfﬁt 5“ lz%mw ) rdatant depqkrupotables are

used to un-map the four quadrant signal constellations into the
original sequential five-bit symbol segments which existed at the
transmitter before being differentially encoded and QAM

5 modulated as is shown. '

Recovered HP symbol data from decoder 40 and
recovered SP symbol data from unit 42 are applied to respective
inputs of an audio/video signal processing and reproducing unit
48. Unit 48 may include data decompression networks such as

10 Huffman decoders and inverse quantizers, error correcting
networks, and de-multiplexing networks for providing separate
audio and video television signal components. These components
may be reproduced by suitable sound reproduction or video
display means. Alternatively, these components may be stored by

15 magnetic or optical storage media.
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possi bl e anplitude levels, or values (8 levels x 4 . quadrants) for " each
HP and SP QAM signal. Three bits are needed to specify the eight |evels
of each | and Q conponent, and two bits specify the QAM constellation

coordi nates of a four 1 5 quadrant 32- stel l ati on. The
32-QAM signal to be discussed exhibit rates of 0.96 M1z and
3.84 for the HP and SP. data respectively. The - synbol rate is

| ndependent of the typ M procegsi ng bei n sed (e.q..,16- QAM or
32-QAM) . .Using four t| Ve %)ﬁsﬁ? 30 ﬂ%l ‘&ﬁ’%éﬁ%"l‘ﬂ&"rﬁﬁgq’s 3.84 Mz
and the SP sdigitdlngigmdle precessmgSaﬁfaaMﬂns threue bits per symbol in the

Caapoctively o inayt, Rigaa (R0) {67 Fodiug) & ARREIE Sattler, URNL

si gni fi cant emnpbattnePAMmmna} from i nt erference associ ated with 25 a
standard NTSC tel evi si gfprsijgRBhditiofiing AMehiST(25,27228,836340,92)  ed
including adaptive equalizer means (20), responsive to said
composite signal for providing a conditioned composite signal at
10 an output, said equalizer means including a single equalizing
device having a wideband response encompassing more than one
of said carriers and defined by one set of coefficients for
equalizing said more than one carriers without separating said
more than one carriers from the spectrum of said composite signal
15 prior to equalization; '
means (30,38) for deriving an error signal
represenung a condition of said PAM signal; and
means (22) for coupling said error signal to said signal

conditioning means.
20

. quadrant. Thus each synbol requi rq five bits to specify the thirty-two

2. Apparatus according to claim 1, wherein

said multiple carrier .composite signal comprises a first
carrier modulated by a first information component and a second
carrier modulated by a second information component;

25 said deriving means includes means for separating
said first information component and said second information
component of said conditioned composite signal, and detector
means responsive to a separated component from said sensing
means for developing said error signal; and wherein said

30 apparatus further includes

means for combining said separated first and second
components.
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of the NTSC RF picture carrier and the NTSC sound carrier’

associated wth high energy information. 30 Conversely, co- channel
interference fromthe dual QAM signal into an NTSC signal is
significantly reduced because the | ar g anpl i tude narrowband QAM si gnal
will be si gnlflcantly at t enuat ed by  a Nyquist slope filter in a
standard NTSC tel evi sion receiver. In FIGURE 2 the Nyquist slope filter

response in a standar d3NTXppatatue aecoedings to nelaiat &g \buemniotted l'i ne
£75 P o 1 1 olia odifhek®heds “ubitts Mo RERL MR RIS 70
operation. :
5 _
4. Apparatus according to claim 2, wherein
said composite signal is a digital high definition
television sighal and said first and second components are
frequency multiplexed in a baseband spectrum.
10 :
5. Apparatus according to claim 4, wherein
~ said first and second components exhibit different
carrier frequencies and different bandwidths occupying different
. portions of a television signal video spectrum.
15 .
6. Apparatus according to claim 2, wherein said signal
conditioning means further includes _
de-rotator means responsive to an equalized
composite signal from said equalizer means, and to an error signal
20 developed by said detector means for maintaining a desired
orientation of said constellation.

7. Apparatus according to claim 6, wherein
~ said detector means derives first and second error
25 signals from said separated first and second components,
respectively;
said equalizer means is responsive to sa:d first and
second error signals; and
‘ said de-rotator means is responsive to one of said
30 error signals.

8. Apparatus according to claim 2 and further
" comprising ' : '
means for differentially decoding said first component
35 and said second component prior to being combined by said
combining means.

i s i
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-6 The conbi nation of the 6dB greater anplitude of the narrmnmumm'l“lm
conponent and its one-quarter bandw dth relative to the W

conmponent results in a significantly greater power density than thaf' of *

t he wi deband QAM conmponent. The 5 illustrated high priority narrowband QAM

signal therefore exhibits a significant signal-to-noise inprovenent and

| ower error rate relative to the ljg priority w deband QAM si gnal .

The | arge peak anplitude narrowband conponent contains vi deo

information sufficient to produce a displayed inmage with 10 definition

approxi mating that of%a dpparatus accordingoto wodaimi 4 ovherein i nage. Thus a

et i mi t1 on 1 ranem ooi Sud; bUsEdd lfuuim is]constnfita By s, HRLT 00,
wi deband cdFpRweaRY cbandi oscupying the “lowprmest portion ohistidation is
di srupt ed5 rgpEetiuih] | and tdesdbodld FreiRy Bunid VBbtpyiRgPEHE Yenindes
unaf f ect ed (‘)’*h %21?(? yspacctrum, said first band being narrower than said second
band, exhibiting higher energy than said second band, and
containing higher priority information than said second band.

10 10. Apparatus according to claim 9, wherein"
said first band contains low frequency video
information and audio information; and =
said second band contains high frequency video
" information . occupying frequencies including standard
15 chrominance _frequencies and a standard chrominance subcarrier
~ frequency. '

11. Apparatus according to claim 1, wherein
said adaptive equalizer means is a fractionally spaced
20 passband equalizer.

12. In a system for processing a television signal,
digital signal processing apparatus wherein:
input means (10) for receiving a composite multiple
25 carrier PAM signal, said multiple carrier composite signal
comprising g first carrier modulated by a first component, and a
second carrier modulated by a second component; _
signal conditioning means (18-26) including adaptive
equalizer means (20) exhibiting non-time-multiplexed operation
30 and responsive to said composite signal for providing an equalized
composite signal at an output, said equalizer means including a
single equalizing device having a response encompassing said first
and second modulated carriers for equalizing said first and second
- modulated carriers without separating -said first and second
35 modulated carriers from the spectrum of said composite signal
prior to equalization;
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Definition Tel evision (ADTV) receiver systemof the type for proceslindy
HDTV'si gnal s proposed by the Advanced 20 Tel evision Resear ch. Consortium
(ATRC). The tel evision signal represented by the spectrum shown in
FIGURE 2 is such a proposed HDTV 9nal However, the practice of the

t t | t ed h a E 1
Vit raes a porton B A i 'S4 Sirat i oamagpERt aRd

accor di ng t osgide secmndrdompunent @f a donditidieda bosied & ﬁalomro‘mgnal _
havi ng t he S@/Gt & %k}diﬁ Bhit e'gkahécs Illustrated in FI RE 2 is applied

to an input unit *tuner and I nternedi ate Frequency (IF)
network. A local oscil flastormeans i (28,4Q) | respensivek tdoseparatedr data he center

3/];1; ngsfhehcent garﬂeﬂ % Eﬁdsﬁggglh%‘rsm?%ngﬁtd@m%ggﬁ@%& %g%%rbol
rate of the Pmtput datannel (0.96 MHz). The IF frequency is 43.5 MHz in this
exanpl e, which places fips @Riécor Oehlis (30)L¥8P produechiig"§! fikt error
signal (E1l) representing an offset between respectively
corresponding input and output data of said first means;
10 second means (36,42) responsive to separated data
associated with said second component for producing
corresponding output data; .
second detector means (38) for producing a second
error signal (E2) representing an offset between respectively
15 corresponding mput and output data of said second means;
wherein '

said adaptive equalizer means (20) is responsive to
said first and second error signals.
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3.84 MHz. ‘The down converted si gnal is converted fromanalog to 3 5
digital formby an anal og-to-digital converter 12. Converter 12 is
7 cl ocked at 15.36 MHz, which is four tines the synbol rate of the

dat a.

recovery circuits for devel oping a synbol

spectrum of the QAM signal provided tﬁ unit 16 fromthe out put of A/D
converter 12. Unit 14 may include a ﬁ

10

15

Tim ng reference generator 16 includes band-edge timng
rate clock fromthe HP 5 or SP

tage .

In a video signal processing system, a single adaptive
passband equalizer (20) is used to process a composite Quadrature
Amplitude Modulated (QAM) signal encoded with high priority
(HP) and standard priority (SP) components. The equalizer output

is phase corrected by a de-rotator(24), and filtered (32,34) to

separate the HP and SP components. Error. signals respectively
representing HP and SP phase errors are developed (30,38). One
of the error signals (E1) controls the operation of the de-rotator.
Both error signals are used to generate (22) updated coefficients
for the adaptive equalizer. Afterwards the HP and SP components
are decoded (40,42) and combined (48).

i Siiirli{iilr“.ﬂn I|11aced |
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controhled‘crystal oscillator incorporated in a phase |ocked | oop for

deriving a 15.36 Miz sanpling clock for A/D converter 12 in response a
synbol rate output signal fromreference generator 16. 10 The synbol rate
out put signal fromunit 16 synchronizes the ‘oscillator in unit 14. d ock
recovery unit 14 al so devel ops ot her clock signals CLK1 ... CLKN for
application to other units of the system as needed. Additional details

of clock recovery networks tg er a syhﬁbl rate clock froma QAM
signal are found in the 15 refef ext Digital Communications by Lee and
Messerschm tt (Kl ewer Acgdem MA, USA, 1988). :

g—iP and SP conponent s each

_ 90[ err] phase shifting

L : nents. The HP and SP "I"

< outplt of ¥ni[&; nd the HP and SP "Q'
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e _ - : : ,
2-5 output signal fromunit 12 and to respective sine and cosi ne
The HP, SP | signal and the HP, SP Q signal

ref erence signals.
fromunit 18 are
conpl ex.

and a QAM constell ation

and havi ng one set of -

applied to a signal conditioning network including a
digital adaptive (FIR) equalizer 20 which conpensates for 30

transm ssion channel perturbations,
24. Equalizer 20 is a single w deband equalizer with a -
by one set of coefficients,

de-rot at or

response defi ned
mul tipliers, and

responds to dynamical |y updat ed filter2f2 coefficients froma unit 22 as
wi |l be discussed. Adaptive 35 equalization is discussed in detail in the

Lee and Messerschmtt

conpensates for a

SUPPRESSED

text nentioned previously. De-rotator 24

SUPPRESSED |
NARROWBAND WIDEBAND
REF UM c:nmen OAMG:HNER
A o NTSC | NTSG
' PICTURE NYQUIST : SOUND
: CARRIER SLOPE AT : CARRIER
| o8 | e |
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8 dynamc phase error manifested by a slight: rot a:tfeﬂg of the frugsr?
regei ved QAM constellation. This error may be, produced by a vari ety of
factors including | ocal oscillator. frequency varl at' On for exanpl e.
The constellation phase error/s ot at.i on may be : ; fi cantly reduced or
elimnated by a so-called carrjer recovery rf In this exanple
the carrier recovery net wor Kk i ncl udes 1 v dé-¥obat or i whlch responds to
equalized | and Q signals from unit 20, a phase contriol unit 26, a
slicer 28, and an error detector 30 "whi chnidienel ops an error si gnal E1
for use by phase control uni tMlﬁTB’WﬂARRER DIGITALand 26 conprise the

essential elenents of a kﬁd(mf or elimnating the
dynam cal |y varyi ng QAM constgﬁ at'| on of Tset. I'lter 32 and a
baseband denodul at or 25 are included in the phase | ocked | oop.

More specifScal |y, Thise mmt@o@%@amhw bEERInC dedodingt 0 i ts High
Priority (HP)ggiitarls® "flid" UsE” in°'tbt Yexaniple® ] ﬁer&?mmon television
(HDTV) system, which is respoasive to a multiple carrier
modulation signal, such as a pulse amplitude modulation (PAM)
signal. One of various forms of PAM is quadrature amplitude
10 modulation (QAM) which will be used to describe an embodiment
of the invention. A prioritized dual carrier QAM decoding system
is described in U.S. Patent 5,287,180 - H.E. White, and in U.S.
Pateat 5,122,875 - Raychaudhuri et al.
In a QAM symbol transmission system, a transmitted data
15 symbol is represented by both “I” and “Q” quadrature components
which modulate respective quadrature phased carriers at a given
frequency. Each symbol may comprise several bits, and the
number of bits/symbol dictates the type of QAM system, i.e., 16-
- QAM, 32-QAM, etc. Each symbol is mapped (assigned) to a
20 prescribed coordinate in a four-quadrant grid-like constellation
using a look-up table (e.g., a ROM). A prescribed number of
symbols occupy assigned areas in each quadrant. In a 32-QAM
system, each quadrant of the constellation contains eight symbols
at prescribed coordinates with respect to quadrature I and Q axes.
25 Certain symbol bits designate the constellation quadrant in which
a symbol is located, and certain bits designate the particular
coordinate in that quadrant assigned to the symbol. QAM systems
of this general type are well known.
In the system disclosed in White and in Raychaudhuri et al.,
30 a television signal representing high definition image information
is transmitted using two QAM carriers frequency multiplexed in a
standard 6 MHz television transmission baseband. One of the
carriers conveys high priority information, while the other carrier
conveys (relatively lower) standard priority information. The
35 high priority (HP) information is the information needed to create
a viewable image, although less than a perfect image, and is
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by neans of a real coefficient digital |ow pass filter 32 and a real
coefficient digital band pass filter 34, respectively. Mre expensi ve
conplex coefficient filters also could be used. The fol |l owi ng
description of the processing of the HP conmponent from20 filter 32 via
units 25, 28, 30 and 40 al so applies to the processing of the SP
conponent fromfilter 34 via correspondpng units 27 36, 38 and 42.

The high pri and. 0 nent,s fromfilter dul ated to
paseband by rEYSE” it SERARERNS wolh, Dawr, sifn i s Severa
known f orns. pmomyaﬁﬁﬂ)e;nformadmmdmhmbrlszmmmmgl snformatiom. The
demul ti pl exer d p cess.
For additiona ?@ﬁ Iiﬁ](y‘?%);r eﬁl{%fog%laglggu? 5(!}%1@?'{ ? Wéﬁ @qvﬁ%maggﬂﬂ)&é&
denodul at i on, tosdbe stangard pgierity emfgmatlen, And §n- thesetora mughgiless
Quadr at ur e $0prdneultt e6rrapaoebydiiertPinshiissiondchannétadi Phé\PHPI eaériéins.

p

o. 8, oot ofpcaie R” i rfi6h 96 6 n Tisallency npEF 1ok fa ITiEKISiNn 15
progranmmed  transmission channel e.g., an NTSC channel which is normally
occupied by the vestigial sideband of a standard NTSC television
signal. This portion of the signal is normally significantly
10 attenuated by the Nyquist filters of standard receivers, so that
HDTV signals with this transmission format will not introduce co-
channel interference.
One approach to decoding such a dual QAM signal, as
disclosed by White, employs two parallel signal paths for
15 processing high priority and standard priority signal components,
respectively. Each path contains an adaptive equalizer. In
addition, each path contains a derotator/demodulator responsive
to an error signal for carrier recovery (correction) purposes. The
complex (I,Q) adaptive equalizers in each of the parallel signal
20 paths of White represent large, complex and expensive hardware
~ components. |
A system for reducing the amount of such parallel hardware
to produce a less expensive system is described in U.S. Patent
5,263,108 - Lauren A. Christopher, “Apparatus for Time Division
25 Multiplexed Processing of Plural QAM Signals”. To this end the
N Christopher system employs time division multiplexed processing
of high priority and standard priority components of a received
composite signal. While advantageously reducing the hardware
requirements compared to the White system, the system
30 described by Christopher introduces the added complication of
time division multiplexing. The signal processing system
described herein offers a further refinement of a prioritized QAM
decoder by advantageously avoiding both the hardware
requirements of White and the time division multiplex complexity

35 exhibited by Christopher, without compromising the quality of a
decoded QAM signal.
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to select the constellation synbol closest in distance to the 3 5 received

signal sanple. The conplex I, Q plane (constellation) is divided into
deci si on regi ons where each decision region is the set o

9 of points that is closest to some synbol. If, after examning a

deci sion region for a synbol, a received synbol is found to be | ocat ed
at or offset in distance from an expect3d coordi nate, slicer 28 produces

an output symbol g AEGAKAES WHthCHE PriktiBles'0F the® ihFéitioH e YO
differs from;}tgsidseldl %ﬁ&ltzlip pslilénasly rgggcess}l/ngt- apparatus for processing a
television signal, and having input means for receiving a multiple
carrier composite PAM signal. Signal conditioning means,
5 including adaptive equalizer means, is responsive to the composite
signal for providing a conditioned composite signal at an output.
The equalizer means includes a single equalizing device having a
wideband response encompassing more than one of the carriers
‘and defined by one set of coefficients for equalizing the more than
10 one carriers without separating the carriers from the spectrum of
said composite signal prior to equalization. There is also provided
means for deriving an error signal representing a condition of said

PAM signal, and means for coupling the error signal to the signal
conditioning means.
15

Brief Description of the Drawing

FIGURE 1 is a block diagram of a digital HDTV QAM
receiver/decoder in accordance with the principles of the present
20 invention. :
FIGURE 2 depicts the baseband video frequency spectrum of
a dual QAM high definition television signal received by the
system of FIGURE 1.

25 Detailed Descript

Before discussing the system shown in FIGURE 1, it will be
helpful to consider FIGURE 2, which depicts the frequency
spectrum of a prioritized dual 32-QAM baseband video signal

30 produced by the disclosed system as will be discussed.

FIGURE 2 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 can be used as a simulcast signal. To facilitate comparison

35 with a standard NTSC video frequency spectrum, the frequencies
along the frequency scale of FIGURE 2 (-1.25 MHz to 4.5 MHz) are
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anount of any distance offset. The anount of any such offset is sensed

by:error detector 30, which produces an output error signal El1 as a
function of the anount of offset. Qutput error signal El may be produced
by a conplex multiplier associated with error 10 detector 30. _ The
error signal fromdetector 30 is provided to phase control unit 26 for

generating quadrature sine and cosine 4 correction ?oefficierps. ngse
i ici alizer , are
b ovi ded 1o ReTeRbRL S 1B 00 K0y SeqpefTIRRSE o B M BeRfS: ming t ne
de-rotating carrighdni am NTSC systesrshown that any set of quadrature is;)g(;nal s
1S o TR IUTY ol 0 BT IR 4,
and Q can be PHURIS ogﬂ‘rﬂ?'orﬁ'i‘ﬁt 6‘%&5&'&&@9"@&9@99%‘@@ sigrthiss ' and
Q accor di rfy example eugie,ssynohronizing and low fr uency vg?iﬁol; = |Ca/(51e§‘;) +
() 1's ah or Abformation, componets whiel. afeuiBRgte 1g e JePeivell witk
high reliability are assigned a high priority. The synchronizing
information, for example, may be in the nature of a training signal
containing a unique signature or code to facilitate signal recovery
10 and processing at a receiver, and illustratively may include field
rate scanning information (e.g., start of field markers). Other less
critical components, such as high frequency video information, are
assigned a lower standard priority. The high priority information
exhibits a narrow bandwidth relative to the standard priority
15 information, and quadrature amplitude modulates (QAM) a 0.96
MHz first suppressed carrier referenced to a carrier reference
signal REF as discussed below. The standard priority information
quadrature amplitude modulates a 3.84 MHz second suppressed
carrier which is also referenced to signal REF. A resulting
20 composite signal is a form of a multiple QAM signal, i.e., a “dual”
QAM signal in this instance. The composite dual QAM signal is
translated into the 6 MHz standard television band by means of
out-of-band reference signal REF. The frequency of signal REF is
chosen so that when signal REF is modulated by the composite
25 QAM signal, one of the resulting sum or difference components
falls within the band of frequencies associated with a desired
radio frequency television channel, such as simulcast VHF channel
3. Signal REF is modulated by the composite dual QAM signal to
produce a double sideband modulated signal, the lower sideband
30 of which is rejected and the upper sideband of which is retained
as illustrated by FIGURE 2. _
The amplitude of the narrowband HP QAM component is
significantly greater than that of the wideband SP component, e.g.,
twice as large. The -6db bandwidth of the HP component is 0.96
35 MHz, and the -6db bandwidth of the SP component is 3.84 MHz,
which is four times the bandwidth of the HP component. The
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error signal E1 in this exanple. A nore detailed discussion of a 25 carrier
recovery network including this type of de-rotator apparatus is found in
the Lee and Messerschnitt text noted previ ously. Only one error

signal, E1 in this exanple, is needed to dynami cally restore (de-rotate)
t he QAM constellation to a correct 30 orientation, since an error signal
derived fromeither the HP conmponent5 or the SP conponent woul d represent

substanti al | pahgeed esaaﬁsﬁfw 'r€ idrse dfetife/ :(Hrrci\b&&ﬁd emorandaQﬂd&’Bkkw
produce the sane contro rror si

applied to aSforfOmPORGHLS arss SESB‘F‘# iRy dipite ﬁnﬂmﬁfﬁs %@%ZQ‘A‘&'SU ated
with equal i zawitkOa sjuaréerootoof raolraised cosine diaraeteﬁsntic 20 peeducees an

error signal sﬁ?o&ﬁn%a"iltsﬁqoﬁ’yregions which avoid unwanted high frequency
' 5 effects produced by sharp transition regions.
The HP and SP QAM signals each contain quadrature “I” and
“Q” components. A data word, or symbol, is represented by both I
and Q components. In the case. of a 32-QAM signal, each I and Q
component exhibits eight discrete amplitude levels, resulting in a

10 total Qf 32 possible amplitude levels, or values (8 levels x 4
quadrants), for each HP and SP QAM signal. Three bits are needed
to specify the eight levels of each I and Q component, and two bits
specify the QAM constellation quadrant. Thus each symbol
requires five bits to specify the thirty-two coordinates of a four

15 quadrant 32-QAM constellation.

The 32-QAM signal to be discussed exhibits- symbol rates of
0.96 MHz and 3.84 for the HP and SP data, respectively. The
symbol rate is independent of the type of QAM processing being
used (e.g., 16-QAM or 32-QAM). Using four time oversampling,

20 the HP sampling rate is 3.84 MHz and the SP sampling rate is
1536 MHz. At five bits per symbol in the case of 32-QAM, the HP
and SP bit rates are 4.8 Mbps and 19.2 Mbps, respectively.

The described prioritized dual QAM system exhibits
significant co-channel immunity from interference associated with

25 a standard NTSC television signal, i.e., an NTSC signal transmitted
from a different location in the same channel as the dual QAM
signal. This is due to attenuating notches in the QAM spectrum in
the vicinity of the NTSC RF picture carrier and the NTSC sound
carrier, which are associated with high energy information.

30 Conversely, co-channel interference from the dual QAM signal into
an NTSC signal is significantly reduced because the large
amplitude narrowband QAM signal will be significantly attenuated
by a Nyquist slope filter in a standard NTSC television receiver.

In FIGURE 2 the Nyquist slope filter response in a standard NTSC

35 receiver is indicated by a dotted line superimposed on the low
band portion of the QAM spectrum from -0.75 MHz to 0.75 MHz.
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10 slicer 36 and error detector 38 in the standard priority conponent
processor. Standard priority error signal E2 is generated in the sane
manner as previously discussed high priority error signal El. Unit 22
is a digital signal processor responsive to a prescribed 5 algorithmfor
provi di ng updated equalizer filter coefficients as a function of error
signals E1l and E2. The algorithm used gy network 22 nay vary dependi ng

on A1 1 SOty o, 15 605 SHes e bR, T TR St BBAGH, o,
signal s El #QAM2coifponestnand ojter ehe-quartes bandwidthi relativeortosthmal s El
oo B oM™ SRR S, e AR AR g o
associ at ed vﬁQ"ﬁlW & %Ithétieﬁft the widebandaQAM component. The an adaptive
equal i zer $uglustsatedi higd pﬁoﬂtﬁow&éw,band QAM signal therefore
exhibits a significant signal-to-noise improvement and lower error
rate relative to the low priority wideband QAM signal.
The large peak amplitude narrowband component contains
video information sufficient to produce a displayed image with
10 definition approximating that of a standard definition television
image. Thus a viewer should not be overly disturbed if, for
example, the high definition transmission is momentarily
disrupted. If the low power wideband component containing the
high definition information is disrupted momentarily, the high
15 power narrowband component may be unaffected whereby a
lower definition but acceptable image is displayed momentarily.
The invention will be described in the coatext of an
Advanced Definition Television (ADTV) receiver system of the
type for processing HDTV signals proposed by the Advanced
20 Television Research Consortium (ATRC). The television signal
represented by the spectrum shown in FIGURE 2 is such a
proposed HDTV signal. However, the practice of the invention is
not limited to use in such a system.
FIGURE 1 illustrates a portion of an ADTV receiver
25 incorporating apparatus according to the present invention. A
broadcast television signal haying the spectral characteristics
illustrated in FIGURE 2 is applied to an input unit 10 including
tuner and Intermediate Frequency (IF) network. A local oscillator
in the IF network down converts the center of the SP channel to
30 the symbol rate of the SP channel (3.84 MHz), whereby the center
of the HP channel is down-converted to the symbol rate of the HP
channel (0.96 MHz). The IF frequency is 43.5 MHz in this
example, which places the center of the baseband SP channel at
3.84 MHz. The down converted signal is converted from analog to
35 digital form by an analog-to-digital converter 12. Converter 12 is
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1 5 hardware i ntensive device even when, as in this enbodinent, it is

not subjected to time nultiplexed operation at a high sw tching rate.
Equal i zer 20 is considerably nore conpl ex than other signal ~ processing
units including units 24, 25, 26, 28, 30, 32 and 40. Equal i zer 20 may
be of a conventional design with an adaptive 20 digital FIRfilter network
to conpensate for anplitude and frenuency/phase |rregular|t|es caused
by the transiulsekal at 1596 MHL; WHichMsS 5i? ?aggtg%?hé’e“ sion

directed equal I zer responsive to nam c
coefficients %‘?o@qﬁed by network 22 in response to feedback error

signals El and E2.Tifhingeqeftrenes geﬁilsrfatstt eng Sm%rled&b/rwgid:ehgé/ timin ﬁ;dat ed
b ls E . zatiQn er val

eéuZ: ?22r822]r|e§8|9n| ti g{cltu;{éd?é}.y HiRg %qq.}'zﬂ‘ gp@ncbq li%;r‘gf@ the ai ni ng
signal techhiQud¥ spectaumzof the grAaVESEgnaj{ provided tof umitt 1@ fadty tiepaced

whi ch t r of the
Synbol rat e SUtbUP'F ATD SOARLHEF 12 CUHR B4 may ticifd £YdIBRD] 10

from uni thlgroléqﬂj ‘HVB sesdilator ingarpprated  iny accﬂhpé% ehockedrloopafar SP-
deriving a 15.36 MHz sampling clock for A/D converter 12 in

response a symbol rate output signal from reference generator 16.
10 The symbol rate output signal from unit 16 synchronizes the
oscillator in unit 14. Clock recovery unit 14 also develops other
clock signals CLK1 ... CLKN for application to other units of the
system as needed. Additional details of clock recovery networks
' to recover a symbol rate clock from a QAM signal are found in the
15 reference text Digital Communications by Lee and Messerschmitt
(Klewer Academic Press, Boston, MA, USA, 1988).

The composite digital QAM signal, including HP and SP
components each with I, Q quadrature components, is applied to a
90° phase shifting network 18 which separates the I and Q

20 components. The HP and SP “I” component appears at the I
output of unit 18, and the HP and SP “Q” component appears at the
Q output of unit 18. Unit 18 may employ a 90° Hilbert phase
shifter, as is known, to provide the separated quadrature I and Q
components, or a pair of multipliers (mixers) which respond to the

25 output signal from unit 12 and to respective sine and cosine
reference signals.
~ The HP, SP I signal and the HP, SP Q signal from unit 18 are
applied to a signal conditioning network including a complex
digital adaptive (FIR) equalizer 20 which compensates for

30 transmission channel perturbations, and a QAM constellation
de-rotator 24. Equalizer 20 is a single wideband equalizer with a
response defined by one set of coefficients, and having one set of
multipliers, and responds to dynamically updated filter
coefficients from a unit 22 as will be discussed. Adaptive

35 equalization is discussed in detail in the Lee and Messerschmitt
text mentioned previously. De-rotator 24 compensates for a

REPLACEMENT SHEET

11 JUL 1996




Qfromunit-36, are respectively decoded by units 40 and 42 to  recreate
the original bitstreans. Units 40 and 42 include a 35 differential decoder
to performthe inverse of the differenti al ~synbol coding and nmappi ng
operations perfornmed by the transmtter encoder for both HP
and SP data. Look-up tables are used to un-map the four quadrant signal
constellations into the original sedqential five-bit synmbol segnents

whi ch exi st ediyafantige phasé réri6r hasifeieioby AeshghdirbtfiGntd@lichy encoded and
QAM received QAM constellation. This error may be produced by a
variety of factors including local oscillator frequency variations,
‘for example. The constellation phase error/rotation may be
5 significantly reduced or eliminated by a so-called carrier recovery
network. In this example the carrier recovery network includes
de-rotator 24 which responds to equalized I and Q signals from
unit 20, a phase control unit 26, a slicer 28, and an error detector
30 which develops an error signal El1 for use by phase control unit
10 26. Units 24, 28, 30 and 26 comprise the essential elements of a
digital phase locked loop for eliminating the dynamically varying
QAM constellation offset. A filter 32 and a baseband demodulator
25 are included in the phase locked loop.
More specifically, the composite QAM signal is separated
15 into its High Priority (HP) and Standard Priority (SP) components
by means of a real coefficient digital low pass filter 32 and a real
coefficient digital band pass filter 34, respectively. More
expensive complex coefficient filters also could be used. The
following description of the processing of the HP component from
20 filter 32 via units 25, .28, 30 and 40 also applies to the processing
of the SP component from filter 34 via corresponding units 27, 36,
38 and 42.
The high priority I and Q components from filter 32 are
demodulated to baseband by means of demodulator 25, which
25 may exhibit one of several known forms. For example,
‘demodulator 25 may comprise a time demultiplexer and inverter
to perform the demodulation mixing process. For additional
information about digital QAM modulation and demodulation, see -
VLSI Architecture’ for a High-Speed All-Digital Quadrature
30 Modulator and Demodulator for Digital Radio Applications,
H. Samueli, IEEE Journal on Selected Areas in Communications, Vol.
8, No. 8, Oct. 1990,
Slicer 28 contains a mapping mechanism and is programmed
to select the constellation symbol closest in distance to the
35 received signal sample. The complex I, Q plane (constellation) is
divided into decision regions where each decision region is the set
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5 nodul at ed

as i s shown. Recovered HP synbol data from

decoder 40 and recovered SP synbol data fromunit 42 are applied to

respective

i nputs of an audi o/ vi deo signal processing and reproduci

uni t 48. Unit 48 may include data deconpressi on networks such as 10
Huf f man decoders and inverse quantizers, error correcting net wor ks,
de-nmul ti pl exi ng networks for providi nggsepar at e audi o and vi deo

tel evi st on SbealinfOMATR thosell'SS SHRIPGARRLE  1f, TRECBABIRE U DY

sui tabl e sound re

tron or v ay neans. ernatively,

conmponent s nfgcisionsiregion Bor B6 syabed: iacreseived isymbalt in fgundrtei be

10

15

20

25

30

35

located at or offset in distance from an expected coordinate, slicer
28 produces an output symbol at the expected coordinate. The
slicer output symbol differs from the slicer input symbol by the
amount of any distance offset. The amount of any such offset is
sensed by error detector 30, which produces an output error
signal E1 as a function of the amount of offset. Output error signal
El may be produced by a complex multiplier associated with error
detector 30.

The error signal from detector 30 is provided to phase
control unit 26 for generating quadrature sine and cosine
correction coefficients. These correction coefficients, and the I, Q
components from equalizer 20, are provided to multipliers
associated with de-rotator 24 for performing the de-rotating
function. It can be shown that any set of quadrature signals can
be rotated to a desired angular position by performing a complex
multiplication on the quadrature signals. That is, quadrature
signals I and Q can be rotated to conform to corrected quadrature
signals I' and Q’ according to the expressions:

I’ =1cos (f) + Q sin (f)

Q’ = Q cos (f) - I sin (f)
where (f) is an error correction angle produced as a function of
error signal El in this example. A more detailed discussion of a
carrier recovery network including this type of de-rotator
apparatus is found in the Lee and Messerschmitt text noted
previously. |

Only one error signal, E1 in this example, is needed to
dynamically restore (de-rotate) the QAM constellation to a correct
orientation, since an error signal derived from either the HP
component or the SP component would represent substantially the
same carrier frequency or phase error, and would produce the
same control effect.

Error signal E1 also is applied to a control input of coefficient
control network 22 associated with equalizer 20. Another control
input of network 22 receives an error signal E2 generated by
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12 CLAI M5 1. In a system

for processing a television signal, digital signal processing apparatus
wherein: 5 i nput means (10) for receiving a nultiple carrier
conposite PAM si gnal ; si gnal conditioni ng neans

(25, 27, 28, 36, 40, 42), I ncl udi ng adaptive equalizer neans (20), responsive
to said conposite signal for provitlibng a conditioned conposite signal at

A0 AL e Socane e geetol 3 ) e ussagke ity Shiponcel
and dgfi ned W&ﬁ?’seltogan%@ﬁ‘gf?g&‘éht %P'g“ﬂeg}allﬁ Agratedy M dhe  han one
carriers wtsame mmmment asgprexiously discassédinhighe priorityeresrér signdle
SDCLT Y01 B, SRS WAl sloudlt piicculof RRarkiid B a prescriec
5 algorithm for providing upd_ateg equalizer filter coefficients as a

function of error signals E1 and E2. The algorithm used by

network 22 may vary, depending on the requirements of a

particular system. For example, updated coefficients may be

generated simply as a result of combining error signals E1 and E2,

10 and may operate so as to minimize error signals E1 and E2
substantially simultaneously. The updated coefficients generated
by network 22 are applied to a coefficient Random Access
Memory (RAM) associated with digital adaptive FIR equalizer 20.

An adaptive equalizer such as unit 20 is a complex,

15 hardware intensive device even when, as in this embodiment, it is
not subjected to time multiplexed operation at a high switching
rate. Equalizer 20 is considerably more complex than other signal
processing units including units 24, 25, 26, 28, 30, 32 and 40.
Equalizer 20 may be of a conventional design with an adaptive

20 digital FIR filter network to compensate for amplitude and
frequency/phase irregularities caused by the transmission
channel. In this example equalizer 20 is a decision directed
passband equalizer responsive to dynamically updated
coefficients provided by network 22 in response to feedback error

25 signals E1 and E2. The equalizer coefficients are dynamically
updated by signals El and E2 after an initialization interval during
which equalizer 22 is initialized using blind equalization or using
training signal techniques. Equalizer 20 preferably is a
fractionally spaced device which exhibits an adaption rate which

30 is a fraction of the symbol rate.

Processed high priority components HP-I and HP-Q from
unit 28, and processed standard priority components SP-I and  SP-
Q from unit 36, are respectively decoded by units 40 and 42 to
recreate the original bitstreams. Units 40 and 42 include a

35 differential decoder to perform the inverse of the differential
symbol coding and mapping operations performed by the
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representing a condition of said PAM signal; and means (22)

for coupling said error signal to said signal condi ti oni ng neans. 20

2. Apparatus according to claim1l1, wherein said nmultiple
carrier conposite signal conprises a first carrier nmodul ated by a first
i nformati on conponent and a second carrier nodul ated by a second

I nformati on conponent; 25 bdi d. deriving nmeans includes neans
for separati nGansmft?étd ehus&ér ({4 %rmtmn aﬁﬂ”BPnﬁHEa anﬁoaﬁl.ﬁ) Stssreed are

i nf ormat.i on onent of .said conditioned 0Si t , et ector

means respons\'?f"él ynzmag, Qf"e o5 ﬁ!‘tﬁlSH‘F £HORS H’él‘ﬂ& momg. fis for
devel opi ng saordgimal osequegnidl; fivecbisheymbol sseginéftsamdricht ggisted tdtethe

Lo anents, transmitter bdfBRfbdiflf GBIy UfbodRB ARUSQAM St and second
5 modulated as is shown.

Recovered HP symbol data from decoder 40 and
recovered SP symbol data from unit 42 are applied to respective
inputs of an audio/video signal processing and reproducing unit
48. Unit 48 may include data decompression networks such as

10 Huffman decoders and inverse quantizers, error correcting
networks, and de-multiplexing networks for providing separate
audio and video television signal components. These components
may be reproduced by suitable sound reproduction or video
display means. Alternatively, these components may be stored by

15 magnetic or optical storage media.
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13 3. Apparatus according to claim1l, wherei nu“ml MI" l“" "III " IIII
sai.d equalizer neans exhibits non-tinme-nultiplexed oper at i

4. Apparatus according to claim2, wherein sai d* comp
signal is, a digital high definition teIeV|S|on signal and sald flrst
and second conponents are frequency multiplexed in a baseband spectrum
10 12

CLAIMS

1. In a system for processing a television signal,
digital signal processing apparatus wherein:
5 input means (10) for receiving a multiple carrier
composite PAM signal;
signal conditioning means (25,27,28,36,40,42),
including adaptive equalizer means (20), responsive to said
composite signal for providing a conditioned composite signal at
10 an output, said equalizer means including a single equalizing
device having a wideband response encompassing more than one
of said carriers and defined by one set of coefficients for
equalizing said more than one carriers without separating said
more than one carriers from the spectrum of said composite signal
15 prior to equalization;
means (30,38) for deriving an error signal
representing a condition of said PAM signal; and

means (22) for coupling said error signal to said signal
conditioning means.

20

2. Apparatus according to claim 1, wherein

said multiple carrier composite signal comprises a first
carrier modulated by a first information component and a second
carrier modulated by a second information component;

25 said deriving means includes means for separating
said first information component and said second information
component of said conditioned composite signal, and detector
means responsive to a separated component from said sensing
means for developing said error signal; and wherein said

30 apparatus further includes

means for combining said separated first and second
components. '
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5. Apparatus according to claim4, wherein * ﬂll“”lﬂ“ﬂ ﬂllll”"l
second conponents exhibit different carrier frequenC|es a

bandw dt hs occupyi ng different portions of a television sidgnaF vt
spectrum 15 6. Apparatus according to claim 2, mhereln sai d
si gnal condi tioning means further includes _de-rotator
nmeans responsive to an equalized copgosite signal fromsaid equalizer
means, and to an error signal 20 devel oped by said detector neans for

mai ntai ning a desired orjientation of said constellation.

7. Apparatus according 8o ARParatIs apeerding to claim 1, whereini d det ect or

means derives first andsgidc @yhatizes’ mdans’ FxHibith" AGnSahid- E,fgr fsg first

and second co % respectively; _ sal | Zer means
S respon3|veHBgH§5 ﬁ first and second error signals; and

4. Apparatus according to claim 2, wherein
said composite signal is, a digital high definition
television signal and said first and second components are
frequency multiplexed in a baseband spectrum.
10
5. Apparatus according to claim 4, wherein
said first and second components exhibit different
carrier frequencies and different bandwidths occupying different
portions of a television signal video speétrum.
15
6. Apparatus according to claim 2, wherein said signal
conditioning means further includes
de-rotator means responsive to an equalized
composite signal from said equalizer means, and to an error signal
20 developed by said detector means for maintaining a desired
orientation of said constellation.

7. Apparatus according to claim 6, wherein
said detector means derives first and second error
25 signals from said separated first and second components,
respectively; )
said equalizer means is responsive to said first and
second error signals; and

said de-rotator means is responsive to one of said
30 error signals.

8. Apparatus according to claim ‘2 and further
comprising
means for differentially decoding said first component
35 and said second component prior to being combined by said
combining means.
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said de-rotator neans is responsive to one of said 30 error« ]Imﬂ

8. Apparatus according to claim2 and further conpri SI ng I“" "I "IIIl
nmeans for differentially decoding said first conponent *Sad Lse@on *
conponent prior to being conbined by said conbi ni ng neans

REPLACEMENT SHEET 11
JUL 1996 14

9. Apparatus according to claim 4, wherein
said baseband spectrum is constituted by a first
frequency band occupying the lowermost portion of said
5 spectrum, and a second frequency band occupying the remainder
of said spectrum, said first band being narrower than said second
band, exhibiting higher energy than said second band, and
containing higher priority information than said second band.

10 10. Apparatus according to claim 9, wherein
said first band contains low frequency video
information and audio information; and
said second band contains high frequency video
information occupying frequencies including standard

15 chrominance frequencies and a standard chrominance subcarrier
frequency.

11. Apparatus according to claim 1, wherein

said adaptive equalizer means is a fractionally spaced
20 passband equalizer.

12. In a system for processing a television signal,
digital signal processing apparatus wherein:
input means (10) for receiving a composite multiple
25 carrier PAM signal, said multiple carrier composite signal
comprising a first carrier modulated by a first component, and a
second carrier modulated by a second component;
signal conditioning means (18-26) including adaptive
equalizer means (20) exhibiting non-time-multiplexed operation
30 and responsive to said composite signal for providing an equalized
composite signal at an output, said equalizer means including a
single equalizing device having a response encompassing said first
and second modulated carriers for equalizing said first and second
modulated carriers without separating said first and second
35 modulated carriers from the spectrum of said composite signal
prior to equalization;
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gai4d basebénd spectr&n ﬁgp?gﬁég?tﬁfggrg;ng 1E|Org!t arm 411‘ r\ggﬁéﬁmlwml" I"" "III " ,"l
occupying the | owernost portion of said 5 spectrum and a secdonfl f¥edquerfcy *

band occupyi ng the remai nder of said spectrum said first band being
narrower than said second band, exhibiting higher energy than said
second band, and containing higherlfriority information than said
second band. 10 ) a r di:ng | ein
said first band,cont ai gle %?N ré%]ﬁpﬁg/ %/‘?b?égﬁﬁg giilﬁf g?%ﬁ(gﬁﬁgﬁ?tgﬁgpo

i nformation; Sl secon componentsgfd; sondpaonsth sampesite signalnfromquency
vi deo [ nfsuidabbﬁditmﬁugyimﬁsgequenci es including standard 1 5

chrom nance frequenci ©51ifdl easntsaraﬂg,rti%)crrlés%@n%?y& %o us%f)grrartie& "data

5 associated with said first component for producing corresponding

output data;

first detector means (30) for producing a first error
signal (El) representing an offset between respectively
corresponding input and output data of said first means;

10 second means (36,42) responsive to separated data
associated with said second component for producing
corresponding output data;

second detector means (38) for producing a second
error signal (E2) representing an offset between respectively

15 corresponding input and output data of said second means;
wherein

said adaptive equalizer means (20) is responsive to
said first and second error signals.
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frequency. 11. Apparatus according to claim1, wherein
sai d adaptive equalizer neans is a fractionally spaced 20 passband

equal i zer. 12. In a systemfor processing a tel evision

si gnal , digital signal processing &fparatus wherein

I nput means (10) for receiving a conposite nultiple 25 carrier PAM signal,

said nultiple carrier conpositgusignal conprising a first carrier

nodul ated by a first conponent, anaP&E CARRIEBNRIGIFRLer npdul at ed by a
second conponent; TELEVISTION SIGNAL i BECODEREans (18- 26)

I ncl udi ng adaptive equal i zer neans (20) exhibiting non-time-nultiplexed
operation 30 and responsive to said conposite signal for providing an

equal i zed conposite signal at an output, said equalizer means including
a si ngl e equalizing device having a response enconpassing said first

and second nodul ated carriers Igr egual I Zi nﬂ sajd first and second

In a video signal processing system, a single adaptive
passband equalizer (20) is used to process a composite Quadrature
5 Amplitude Modulated (QAM) signal encoded with high priority
(HP) and standard priority (SP) components. The equalizer output
is phase corrected by a de-rotator(24), and filtered (32,34) to
separate the HP and SP components. Error signals respectively
representing HP and SP phase errors are developed (30,38). One
10 of the error signals (El) controls the operation of the de-rotator.
Both error signals are used to generate (22) updated coefficients

for the adaptive equalizer. Afterwards the HP and SP components
are decoded (40,42) and combined (48).

15

FIGURE 1
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nodul ated carriers without separating said first and second 35 nodul ated

carriers fromthe spectrum of said conposite signal prior to
equal i zati on; 15
means (32,34) for separating said first conponent and said second
conmponent of a conditioned conposite sitdhal from sai d conditioning
nmeans; first nmeans (28,40) responsive to separated data 5
associated with said first conperre ‘c‘. or producing correspondi ng out put
dat a; So=
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first detector means (30) for producing a first error signal (El)

representing an offset between respectively correspondi ng i nput and
out put data of said first nmeans; 10 second neans (36, 42)
responsi ve to separated data associated with said second conmponent for
produci ng correspondi ng out put data; second det ector
means (38) for producing a second error signal (E2) representing an
of fset between respectively 1 5 correspondi ng i nput and out put data of said
second neans; wher ei n 2/2sai d adaptive equalizer neans (20)
IS responsive to said first and second error signals.
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