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~HDTV transnission systemrecently proposed for the United 5 States. This

system enploys a VSB digital transm ssion format for conveying a
packeti zed datastream and is being evaluated in the Uni ted States by
t he Federal Conmunications Conm ssion through 1ts Advisory Commttee
of Advanced Tel evi sion Service (ACATS). i A description of the G and

Al'liance HDTV systemas submitted to 0 the ACATS Techni cal Subgroup on

February 22, 19981 NTPEQUALIZERFUREAVESTIGPAL SIDEBARD-8 }\ﬁmceedl ngs

of the Natlonal Assocl ation of Broadcasters, 48th Annua oadcast

Engi neeri ng Conf erence Proceedi ngs, March 20-24, 1994.
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before carrier- o removes ahy residua requency offs ts from
t he near-baseband 5| gnal to produce a true baseband output signal.

This function is Background of the Invention

A VSB signal and a Quadrature Amphtude Modulated
15 (QAM) signal are both forms of a Pulse Amplitude Modulated
(PAM) signal. A QAM mgnal conveying digital information is
represented by a two~d1mens1onal data symbol' constellation
defined by Real and Imagmary axes. In contrast, a VSB signal is
represented. by a one-dimensional data symbol constellation
20 wherein only one axxs contalns quantlzed data to be recovered at
a receiver.
The recovery of data from VSB or QAM s1gnals at a
- receiver requlres the implementation of three functions: timing
recovery for symbol synchromzatlon carrier recovery (frequency
25 demodulation) and equalization. Timing recovery is the process by
which the receiver clock (timebase) is synchronized to the
transmitter clock. This permits the received signal to be sampled
at the optimum point in time to reduce the chance of a slicing
error associated with decision-directed processing of received
30 symbol values. Carrier recovery is the process by which a
received RF signal, after being frequency shifted to a lower
intermediate frequency passband (eg., near-baseband), is
frequency shifted to baseband to permit recovery of the
modulating baseband information.
35



2 5 typical I',y .perfo'r med by digital receiver circuits. Equalization is
performed woiospRed?e carrier recovery baseband denodul ati on pcrsasse t he

carrier recovery process typically is a decision- directed process (as
known) that requires at least a partially open "eye" which is provided
by the equalizing function. 3 0 An adaptive equalizer is
essentially an adaptive digital filter. In systens using an adaptive -
equalizer, it is necessary to pro ide a nethod of adapting the filter
response so as to adequately conpensate for channel distortions.
Several algorithns are avail able for adapting the filter coefficients
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0%} Yns "ACATS” Technical Subgroup on February 22, 1994 (draft
document) is found in the 1994 Proceedings of the National
Association of Broadcasters, 48th Annual Broadcast Engineering
‘Conference Proceedings, March 20-24, 1994

Many modern digital data communications systems
employ ‘adaptive equalization to compensate for the effects of
changing conditions and disturbances on the signal transmission
channel. Equalization removes baseband mtersymbol interference
(ISI) caused by transmission channel dlsturbances 1ncludmg the
low pass filtering effect of the transmrssron channel ISI causes
the value of a given symbol to be distorted by the values of
preceding and following symbols. Equalization is. typrcally
performed on the near-baseband 'signal, before carrier recovery
removes any residual frequency offsets from the near-baseband
signal to produce a true baseband output s1gnal This function is
typically performed by digital recelver circuits. Equallzatlon is
performed prior to carrier recovery baseband demodulatlon
because the carrier recovery process typlcally is a decision-
directed process (as known) that requlres at least | a partlally open |
“eye” Wthh is provided by the equallzmg funcuon

An adaptive equalrzer is essentlally an adaptrve digital
filter. In systems using an adaptive equahzer it is necessary to
proide a method of adaptmg the filter response so as to
ade g uately compensate for channel dlstortlons Several algorithms
are available for adapting the filter coefficients and thereby the
filter response. One widely used method employs the Least Mean
Squares (LMS) algorithm. In this algorithm, by varying the
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“coefficient values (filter tap weights) are usually not se Y43455
to achi eY¥? 2W8TPt e conpensation of channel distortions. i, 3 fusys
force initial convergence of the equalizer coefficients, a knomm
“training" signal may be used as the reference signal. ThIS signal is 15

to

programed at both the transnmitter and receiver. “The error signal is
fornmed at the receiver by subtracting a locally generated copy of the
training signal fromthe output of the adaptive equalizer. The
training signal serves to open the initially occluded "eye" of the

recei ved si gogfficRat kvalies 4Y bCTuAckion 26f ¥ wﬁd? sigexaio(E)t rﬂid“eﬁﬂaﬁz&nal
the eye has opened.consi.defably and the equaliz % SWtc to a
deci si on- di OMEPRY sigaakyds néPrﬁG el0 | 3PRIGXL equalfanog CRIES Ir%%ce of
threm f: | t?r tséthmélelihls serohi signdl big fermedt by subtraen?galthe/aéqmﬁhzn‘r

synbol s from the ou e t etr

si gnal . The @ d‘éBF%ls&ﬁB# ﬁé@egﬁgqgeg?rﬁ% % ?%xer}cse c%pab &?BFrack?Ingl "
and cancel | isignali rappraaghesy zerannthe equaligiest appr@ardlqsorc@m&pgqnset han

met hods usi fwh@%gyo%saééﬁalllzer SutBE Miighd Ahd! M refefiitS dakl Or der for

decision dire lzat1 0 rovi de reliable convergence and
stabl e coef fSequence are @ppIAXIMa{E oﬁﬂ“ﬁ]t ely 90% of the decisions nust be

correctygThe 30 trai ’Wlﬁns'tﬁé'aéqﬁﬂki?& tdp‘ér@ﬁuﬁl iz dnidaiedgVvehe his 90%

e oLTieniryaes (Gl 1A avelghi, ard TR R FRRR o,
of It 325U2ﬁg ttg achlefv? Q‘ﬂet@iﬁgtmldombenmvm gBef\Cehalfndilhdlstqmbnf].edncoedén ci ent
Lo oo 0 el GG U et o oy OO RGBS IBRR
bli nd “training” s1gnal may be used as the reference 51gn Th1s sxgn
15 programmed at both the transmitter and receiver. The error
signal is formed at the receiver by subtracting a locally generated
copy of the training signal from the output of the adaptive
equahzer The training signal serves to open the initially occluded
“eye” of the received signal, as known. After adaptation with the
20 training signal, the eye has opened considerably and the equalizer
is switched to a decision-directed operating mode. In this mode
final convergence of the filter tap weights is achieved by using the
actual values of symbols from the output of the equalizer instead
of using the training signal. The decision directed equalizing mode
25 is capable of tracking and cancelling time varying channel
distortions more rapidly than methods using periodically
transmitted training signals. In order for decision directed
equalization to provide reliable convergence and stable coefficient
values, 'approxi_mately 90% of the decisions must be correct. The
30 training signal helps the equalizer achieve this 90% correct
dec1s1on level. |
A problem arises when a tralmng 31gnal is not
available. In such case “blind” equalization is often used to
provide initial convergence of the equalizer coefficient values and
35 to force the eye to open. Blind equalization has been extensively
studied and used for QAM systems. Among the most popular blind
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and the Reduced Constellation Al gorithm (RCA). These al gori '??I 5@

di scussed, for exanple, in Proakis, Digital Conmunications,

MG aw Hi 1 New York, 1989 and in Godard, "Self-Recovering

Equal i zation and Carrier Tracking in Two Di mensional Data ,
Communi cation Systens," | EEE Transacti ons on Comruni cati ons, Nov.l
1980. 10 The CMA and RCA aldgorithns are not directly

licable to V stens. The.CMA relies on the fact that, at the
gggl IS| on i nsP4ht Zl!g&@?mmms are tthe Gomstantd Medalusy Wlgdrithm (Cf“owfl d
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Vi
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|l ation., The Iﬁ(:A req onal
Bgf aentl "® AediSih Pinstants the ‘modulus *6f th the d etected data symbols

should lie on a locus of points definmg one of several
(constellation) crrcles of different drameters ‘This aspect of the

15 CMA allows it to be used prior to carner lock (baseband
demodulation). The CMA inherently relles on the signal being
processed to be two-dimensional, as in the case of a QAM signal
which has m-phase and quadrature phase data bearing
constellation’ components The CMA is not directly applicable to a

2) VSB signal because a VSB signal is represented by a one-
dimensional data symbol constellation. The RCA rehes on forming
“super constellations” within the main transmltted constellation.
The data signal is first forced to fit into a super constellation, then
the super constellation is subd1v1ded to include the entire

‘2! constellation. The RCA typlcally requires a two-drmensmnal data
constellation, whereas a VSB signal 1s one-dxmensxonal data
symbol constellanon |

_ Sum‘mary of the Invention
3( | -
In accordance with the pnncrples of the present
invention, a blind equalizer which does not use the CMA or RCA
algorithms is illustratively disclosed in the context of a television
s1gna1 receiver for processing a High Definition Television signal. A
35 multiple stage quantrzer exhibiting progressxvely finer resolution
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constel | QY?W Summary of the Invention 3(

I n accordance with the principles of t he present i nvention, a blind
equal i zer which does not use the CVA or RCA algorithnms is
illustratively disclosed i'nthe context of a teleévision si gnal

recei ver for processing a Hi gh Definition Television signal. A35 multiple
stage quantizer exhibiting pr ogre55| vely finer resolution WO 95/ 26075 -
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Brief Descrsqgondh dai'rleherdao&nrymgnetwork and the input signal to the
' system is a vestrglal sideband (VSB) signal without a training
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component.
‘Brief Description. of the Drawings
In the drawing:
15 Figure 1is a' block diagram of a portion of an advanced

television recelver, such as an HDTV receiver, including an
equalizer system in accordance with the principles of the
invention. :
Figure 2 is a block dtagram of another embodiment of
20 an equalizer system in accordance with the principles of the

present invention.
Figure 3 shows detalls of a portion of the systems

shown in Figures 1 and 2. |
Figure 4 illustrates a symbol decision process
25 associated with a blind equalization process.

De'taile_d _.'Desc'ription' of the Drawings

_ In Figure 1, a broadcast VSB modulated analog HDTV

30 signal received by an antenna 10 is processed by an input
network 14 including RF tuning circuits, a double conversion tuner
for producing an intertnediate frequency passband output signal,
‘and appropriate gain control circuits, for example The received
VSB signal illustratively is an 8-VSB signal with a symbol rate of

35 10.76 Msymbols/second occupying a conventional NTSC 6 MHz
frequency spectrum, in accordance with the Grand Alliance HDTV



In the drawing: 1 5 Figure 1 is a block diagramof a portion

of .an advamumee526075 tel evision receiver, such as an HDTV recpéy@sosnsisz
i ncl udi ng an equal i zer systemin accordance with the principles of the
Figure 2 is a bl ock diagram of another

i nventi on. _

enbodi ment of 20  an equalizer systemin accordance with the principles of

t he present invention. Figure 3 shows details of a
ortion of the systens shown in Figures 1 and 2.

EI gure 4 illustrates a synbol decision pr@cess 25 . associ at ed W|th a blind
equal i zation process, Det ai | ed Descri ption of the
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spect rum .nsampieﬂaynﬂmh tflort éxcamfipte1d Thel iree¢ivedtDVSEB signal in this
example does not include a pilot component or a training

10 component, and has been processed by unit 14 so that the center
of the 6 MHz band is nommally situated at 5.38 MHz. The
frequency spectrum of this signal at the input of ADC 16 occupies |
a range of 2.38 MHz to 8.38 MHz. When timing synchronization
has been established by means of a timing recovery network 17,

15 ADC unit 16 samples thlS srgnal at 21.52 MHz, which is twice the
symbol rate. Timing Técovery network 17 provides an output
symbol clock (CLK) that is synchronlzed with a correspondmg
clock generated at a transmitter. Clock CLK is applied to ADC unit
16 and other élements of the recelver system. Techmques for

20 achieving timing recovery are well known. One par*xcularly
advantageous timing recovery technique suitable for use by
network 17 is disclosed in a copending US patent applrcanon _
Serial No. (RCA 87,588) of C. Strolle et al. titled Carner
Independent Timing Recovery System for a Vestigial Sldeband

25 Modulated Signal.

In the system to be discussed, the carrier frequency of
the transmitted s1gnal is nominally 5.38 MHz, the transmitted
symbol frequency is nominally 10.76 Msymbols/sec, -and the
receiver sampling frequency is nommally 21.52 Mhz. At timing |

3) lock, the receiver samplmg frequency is twice the transmitted
symbol frequency At carrier lock when demodulation to
baseband results, the recovered carrier frequency is one-quarter
of the receiver samphng frequency
' The digital signal from ADC unit 16 is applred to a

3.1 carrier processor 18 Processor 18 mcludes a carrier recovery



"WD 95/ 26W§95,26075 : PCT POBASISI31 32
. speci fication. The Nyqui st bandwidth for this systemis 5.38 Mz,

mnth excess bandw dth of 0.31 MHz at each bandedge. 5 " The
-passband out put signal frominput processor 14 is converted, from
analog to digital formby an anal og-to-digital converter 16, which
operates at a sanple rate of 2 sanpl es/ synbol, for exanple. The
received VSB signal in this-. . exanpﬂb does not:.include a pil ot
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carrier fregigamulytofassist equalization. The input VSB signal to be processed
is a complex signal with real and imaginary components, and may
15 be of the type used by the Grand Alliance HDTV transmission
- system. Only the real component of the VSB signal contains data
symbols to be recovered. | o
' The near-baseband VSB output signal from processor
18 contains digital data as well as inter-symbol interference (ISI)
20 caused by transmission channel disturbances and artifacts. This
signal is applied to an input of a complex adaptive feed-forward
passband equalizer 20, eg., a fractionally spaced equahzer, which
in this case is implemented as a digital FIR filter. Equalizer 20
operates in a “blind” mode during signal acquisition, and
25 afterwards operates in a decision directed mode. The coefficient
‘values (tap weights) of equalizer 20 are adaptively controlled by
an Error signal “E” applied to a control input as will be discussed.
The algorithm employed for blind equalization
determines appropriate- decision regions for a VSB decision device
30 so as to generate decisions which allow an adaptive equalizer to
converge without using a training signal. It will be helpful to
define several terms before describing the process of blind
equalization in greater detail. A “decision region™ is a continuous
portion of the real number range and has upper and lower
35 bounds. An “unbounded decision region” is a decision region with :
either positive infinity for an upper bound or negative infinity for
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;reguenc§ S noninallg 21.52 Mhz. At tinming 3 ) lock, the recelverAt
sanpling frequency is twice the transmtted synbol frequency |
carrier |ock when denodul ation to baseband results, the recovere
~carrier frequency is one-quarter of the receiver sanpllng frequency.
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ignal to assist carrier
vy e W K o g G i o i i
si gnal 9 b soastal gatlon As noted above, a VSB srgnal is essentially a
one-dimensional data constellation wherein only one axis contains
quantized symbol data to be recovered at a receiver. :
In a VSB system, a decision region typically spans one
data symbol of the full constellation. The upper and lower bounds -
15 of each decision region are set midway between the constellation
| sample points. If these decision regions are used for initial
convergence of the equalizer, convergence will not occur because,
due to the presence of ISI, significantly less than 90% of the .
decisions from the decision device will be correct. '
2) . A blind equahzatlon algorithm, as. will be dlscussed
determines new upper and lower decision region boundaries in
the process of forcing some correct decisions to be made. The full
VSB constellation is clustered into several sets, and upper and
lower bounds for decision regions are determined. These first sets
2! are subdlvrded into smaller sets until each set contains only one
symbol and the decision regions correspond to- typical VSB
decision regions. Decision boundaries are typically located half-
way between symbols within decision . regions. Each decision stage,
.eg., a quantrzer, allows a number of decisions to be correct so that
3(  the equalizer approaches convergence. Thus each decision stage in
the blind equalization process  serves to progressrvely open the
“eye” of the VSB signal as convergence is approached.
The upper and lower bounds of each decision reglon
are determined in the following manner. For a given cluster of
38 symbols, the lower bound of a given decision region is set at a
value that is one-half a step less than the value of the smallest
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PCT/ US95/ 03132 When a locally generated error signal is less than a
predetermined quantizer threshold level, meaning that the
15 decision region evaluation can be refined, the decision regions are
- changed by dividing each cluster of symbols in half. The upper
and lower bounds of the new decision regions and the decision
dev1ce output are recomputed in the manner described above
- The process described above is illustrated by the
20 following example for an 8-VSB signal. The signal format adopted
by the Grand Alliance HDTV system employs an 8-VSB signal
~having a one dimensional data constellation defined by the
following eight data symbols:

25 | T 5 3 -1 +1 +3 +5 +7

This one-dimensional constellation is conveyed by the real, in-
phase component of the VSB signal. With this symbol

arrangement, the symbols are all evenly spaced two units apart,

30 and data bits can be mapped to symbols without incurring a DC

offset. '

_ The blind equalization process example given above
" encompasses three stages, or levels, in which input data symbols
are grouped or “clustered” three different ways and respectively
35 subjected to progressively finer quéntizati_on steps by associated
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region are set Frion, 4 ngnhd COAEIG quant W“On Steﬁamde pmducss | f

t hese deci si WO &ymbel aalustm'e:d for initial convergence of the
equal i zer, convergence w || t r fxec e, e to the presence of
I SI, S|gn|f| ntly |ess than %l e c{écﬁaso fromthe decision

device will KEorcHis e@peragion the shce point afbthenduantiati 28t san t&! Ao hhgy as
wll be di scm§§ eher p 0 eci.si on region
“dhta sign (ACOPTY AP PHe P W anfESHE Rl o' "

boundar i e& B R Qrclng 'sonme co
made. THeOf udgcision rqg;g t &AF tPGnth°§ec¢lmuse@m respsetively sets, and

upper and | ower bounds [f-mﬁ;ﬂgc, g] Qihd §0i qqﬁfﬁﬁ@ det er m ned. These
first sets 2 In tlﬁ sets. - untIl" each set contains

&gébgﬁ%( (ged |6nto

only one ?s‘? Feﬁ?%‘ﬁg guandzen fecisiony deyicesvss
deci si on regarﬁnsremtsveiry boundaries are typically |ocated half- - way
bet ween synbols wi thin decision regi oln_a] Eﬁm deC| si on stage,

15 - The next level of (finer) clustenng at the next level of
equalization produces the following four symbol clusters
| [-7,-51 [3,-1]1 [1,3] I[3,5] |
The finer quantization step decision regions for these clusters are

- respectively . _
20 | [-inf, -4] [4,0] [0,4] [4,inf]
In this case the outputs of the finer resolution decision devices are
respectively

[-6]1 [-21 [2] [6l.
The last level of refinement at the last level of equalization
25 produces symbol clusters ,
77 [-51 [-31 [1] (11 3] 51 [7]
with finest decision regions | o
[-inf, -6] [-6, -4] [-4,-2] [-2, 0] [0,2] [2,4] [4,6] I[6, inf].
The finest resolutlon dec1s1on device outputs are thus the full VSB
3) constellation:
7 5 -3 1135 7.
The decision outputs produced by the quantizers ' are provided by
an input-to-output mapper (look-up “table). The use of such a
‘mapper is well known in quantizer design. ThlS example for an 8-
3.3 VSB signal began with two clusters of four symbol samples. It '
could also have begun with one cluster of eight symbols. An



"eg., a q4agbiZAns allows a nunmber of decisions to be corre@CTAIsISHESE2 3 (

t he equal 1 zer approaches convergence. Thus each deci sion stage |n t he
>blind equalization process serves to progressively open the "eye" of

the VSB signal as convergence is approached. The upper and

| ower bounds of each decision region are determned in the follomnng

manner. For a given cluster of 35 synmbols, the |ower bound of a given

decision region is set at a val ueltthat is one-half a step | ess than

t he val ue of the smallest WD 95/ 26075

PCT/ US95/ 03anddlogous operation pertains to a 16-VSB signal. A 46-VSBssignal in

Lhat cl St et P MBHE il (ol SIRRASbE SO bylubolfSor with SR Etod! Uec

. synbol of t he eIIa s set to negatlve
infinityd T eigh rsm!ne)&s ofAst rbstweeeu suegessivg Goarse ands finer aegwnsm ue

that is onedapidion ?égiangﬁrﬁﬁie%r atdaypiculy delfted’ by a fadtor! of Ufd-halfybol
in the cl uséW éun e ynbol 1§ Ihe | ar gest val.ued synbol in the
constel | ati EHOE%Q %ty GZItIGALy ¢ is set to a value of

posi t}vehi nfi ni ty). |fThe process de/scbrued‘ raboviehds ISummamizedk by Bighes i n
one o hece, S5 P ffurst BebBpons snd B B cc 1S,
clusterlO outputs for blindvequalization |of anSfXSBd ségnal: Thgse: operatiens t han
a pred"a&é”ﬁér‘?&ﬂn@é!aﬂ&'&eﬁetWHrchBB' th | Figele BRI B disdiRsed,
including quantizers 52, 54 and 56 a_nd a multiplexer (MUX) 58
for providing an output datastream of time multiplexed symbols.
A modification of the processes described above may

15 sometimes be necessary for VSB signals. A problem arises when
some but not all of the decision regions in a set of decision regions
are’ unbounded. For VSB signals the outermost positive and
negative decision regions are unbounded. Due to transmission
channel disturbances, it is possible that more points may fall into

20 the unbounded regions than would normally be the case without

" channel distortions. This situation creates a bias in the output of
the decision device. To overcome this bias, the range of the
unbounded decision regions are shortened slightly, and ‘the range
of the bounded decision regions are simultaneously increased.

25 These regions are shortened and lengthened by an amount needed
to achieve the optimum offset values mentione_.d in the following
paragraph. These values are usually a small percentage of the
total decision reglon This adjustment makes the selectlon of all
decision regions equiprobable. |

30 : This bias adjusting procedure is illustrated by the
following example, in the context of the 8-VSB system described
above. In the four cluster stage for example, ‘the decision region
values are modified by multiplying by an offset scalar faétor “a”
having a value slightly greater than unity, for example. The value

35 of the offset may vary with the nature and requirements of a
particular system. The purpose of the offset is to narrow the range



1 5 decision region evaluation can be refined, the decision regions are
changed bywdissizéo7sg each cluster of synbols in half. The uppetrrosesosfid

| ower bounds of the new decision regions and t he deci sion devi ce

out put are reconputed in the manner descri bed above. _ The
process described above is illustrated by the 20 follow ng exarrple for an
8-VSB signal. The signal format adopted by the Grand Alliance HDTV
system enpl oys an 8-VSB si gnal havi ng a one di nensi onal data

constell ation defined by the foll olidhg ei ght data synmbols: 25
-7 -5 -3 -1 .+1 +3  +5 +7 -~ .This one-di nensional constellation is

conveyed by teimMernediate decisigmaegionspThenofiset tisenuBRussdineith Mig h thi s
symbol urtéﬁﬁéﬂe%lués‘eatsﬂi@oé&s ifive 2hd ﬁ\ég?mﬁcgg&%ﬁbé Peuy ts apart,

30 and dat a can mapped W't -
of f set. %ICCISIOH region;rigg. bﬂoﬁﬂl‘éﬂqm negative infinity.s Thusnjin ethgi case above

G oupad or " L, feaond, sgmbiotslusterifig Mielies P dndid, iy (WQliSion B ect ed
to progressi \?/%tnﬁ ﬁ’éﬂ‘ gﬁ?‘ga‘fq 3:9 s by associ at ed -
95/ 26075 -mf ~4%*A] [-4*4,0] [0,4*A] [4*A,PERFYSOS/ 03132
' The decrsron device outputs are sxmrlarly modified:
10 -6*A -2%4 2+A 6*A
Optimum offset values for each stage of equalization (clustenng
level) are found by m1n1m1z1ng translents in the RMS error when
the quantizer sw1tches from two clusters to four clusters and from
four clusters to ‘eight clusters. These values are often empirically
15 determmed In some cases the offset value of the output device
and the offset value of the decision region may differ. Analogous
observations apply to a 16-VSB signal. .
The operation of the system shown. m Flgure 1 wrll
now be discussed. In this embodlment equalizer 20 is )
20 implemented as an FIR filter with adjustable taps, although other
adaptlve filter structures may be used Equahzer 20 is a complex
unit with. complex input and output. However, equalizer 20 may
be a real-only filter ‘which processes only the in-phase real
component of the input s1gnal and ‘which has a single real output.
25 A real-only equalizer filter arrangement is shown in Figure 2 as
will be drscussed
The output signal from equahzer 20 is apphed to a
first (de-)rotator 22, which is of conventlonal conflgurauon and
operates in a well-known manner to compensate for phase errors
30 of an input signal in response to a control srgnal Rotator 22, a
complex multiplier, is mcluded in a secondary carrier recovery
network also including a phase detector network 30 and a
network 24 for separatmg the 1n-phase real and quadrature
imaginary components of the output signal from rotator 22.
35 Networks for separating the real and imaginary components of a
complex signal are well-known The secondary carrier recovery
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10 | zation decision devices. The first (coarse ' of
wggﬁgémgsynbol VSB constel.l ation-points ocf:urs at i,g@:‘uig?ss,?ﬂjl”;\%el of
-5 equal i zation involving a coarse quantization step,- and produces
cl usters: ' [-7, -5, -3, -1] and [1, 3,
For this operation the slice point of the quantizer i5 set to
the data sign (+ or -) is detected. The coarse quantization

t_he

“two synbol

5, 7]
zero and

step 10 decision regions for each ofyghese clusters are respectively
In this case the outputs of the

[-infinity,

0] and [0, +infinity].
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| ast | evel %rfeqrugPFXer?gﬁt pgtas_?hgfﬁsggst. | evel of equali ]zaEi']on[ 2] roduces
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fi] _2][16[%;:%;%& "by | d'eehl eifHsei @etecesr 325 in netwérk 130 asGiwilll be, - 4]
resol ution
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20

oWt o discuss Sl ip. eanpeion, wi, Fleis 3,50, Sipkh EL o

from detector 32 is representative of a phase error of the detector
input 'signal,' which is related to the output signal of equalizer 20.
The detector 32 output signal is filtered by loop filter 34 (eg., an
integtator) to pr_oduce a voltage proportional to the phase error. A
Voltage Controlled Oscillator (VCO) 36 produces a frequency
proportional to this voltage. Thus the output of VCO 36 is a
complex signal whose ‘frequency and phase are proportional to the
phase error of the output signal from the adaptive equalizer. The
output .signal from VCO 36 controls the operation of derotator 22

to compensate for phase errors in the output signal of equalizer

20. Specifically, rotator 22 modifies the phase of the input signal
as a function of the VCO output signal so as to reduce the phase

error to Zzero.

25

Using well-known signal processihg techniques, the
control signal from network 30 is conjugated by unit 64 to
remove the imaginary component of the complex control signal
from network 30. The resulting real-only control signal from unit

' 64 is applied to a control input of a second (de-)rotator 62 which

30

35

will be discussed subsequently. The separated real component
from unit 24 is applied to an input of network 50 for processing.
Unit 67 processes the separated imaginary component from unit
24 with an output real signal from network 50 to reconstitute a
coinplex signal. | | .

_ Network 50 is a multistage decision device comprising
three parallel quantizer stages (decision devices) 52, 54 and 56



-7 -5 -3 -1 1. 3 5 7. The deci si on outputs produced by the

quant i zer SWOr95/2607svi ded by an input-to-output mapper (|pelyussdgsedd €) -
The use of such a mapper is well known in quantizer design. This
exanple for an 8- 3 VSB signal began with two clusters of four synbol
sanmples. It could al so have begun with one cluster of eight synbol S.
An WO 95/ 26075
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operation pertains to a 16-VSB signal. A46-VSB signal may begin wit

four clusters_pof ,four symbols or with two clusters. 5 of eight synbols. As
bet ween succéggc&e PIgYide, quantized . data dooas 3:1 tlmﬁjemuhlpinxeegS&.n val ues

o h hi p
are typical | NetstorkeGhiprovidest ahe obymibol haldstering, « d?aﬂ)ove BfodY Aol P
&¢

by E."Bufr5t'%‘=}fl°ﬂ PUIPULR flgscribed AV A8, shmmatiaedrin Haaadsi e
device 1 0 odr qmnmemqumausezhtmmahyodﬂnﬂEI e sfiftalcodrs ielevel
ety of o e il v gdlbind vt s v
53 for BE¥e pymutd@fageomnrooatorl 62 falls ihelewea synbol S.
A nodi ficati pﬁed?étehh@néﬂ 09ﬁé§l%‘ldd€h%c 'seR§éd aﬁghﬁ %ihﬂarﬁt&o 'Ige&w&ﬁ-gt i, a
necessanyp foEer\é/SB ﬁbgnall\i IR Opm&b bsignal is generated b
the deci's? onSPRYToRE: i4, Multiplexe onEPb 3ég g y
sensor 66. This Control signal causes MUX 58 in network 50 to
select the output from the next (fmer) level quantizer, eg from 4-
level quantizer 54 at the second level of equahzatlon The
equalizer responds to information derived from the use of this
15 quantizer until the RMS error falls below a predetermined second
thréshold as also sensed by sensor 66. A Muluphxer Control signal
generated for this condition causes network 50 to select the
output from the next and last (finest) level quantizer, 8- level
quantizer 56 at the third and final level of equalization in this
20 example. Quantizer 56 covers the full 8-VSB constellation. At this
point it is expected that equahzer 20 should be able to converge
fully.
‘The input to the non'-mvemhg (+) input of combiner _
60 is the complex signal before ‘quantization, and the input to the..
25 inverting (-) input of combiner is the complex signal after '
quantization of the real component. Thus the output signal from
combiner 60 represents ‘the before and after quantization
difference, or the offset/error from the desnre_c_l quantization level.
This signal represents a baseband phase error. Rotator 22 and
3) rotator 62 are similar complex rotators which rotate in opposite
directions (i.e.., clockwise and counter-clockw1se) The difference
in rotating direction is caused by the conjugation of the signal
applied to the control input of rotator 62 compared to rotator 22.
Error signal E developed at the output of rotator 62 represents the
3.} passband phase error that equalizer 20 is intended to remove by
adjusting its coefficients in response to error signal E. -

.o
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rare unboypgdesesd7®’ VSB signals the outernpst positive and PCT/USIO3IBLVe
deci si on regions are unbounded. Due to-transn ssion channel
.di sturbances, it is possible that nore points may fall into 20 the

“unbounded regions than woul d nornal |y be the case without channel

distortions. This situation creates a bias in the output of t he

deci sion device. To overcome this bias, the range of the unbounded
deci sion regions are shortengd_slightlx, and t he.:range of the bounded
deci sion regions are sinultaneously increased. 25 These regions are

shortened and | engt herreelubarkarsmrmuyt useeslegingle adaptmhu tides oith num
of fset val ues nenti paragra he e val ues are

d
usual ly a s,@mqonfsgqlmpaggamw?ﬁen ?everl?dpgﬁeageg s er éﬁpﬁﬁ“ ®Thi s
adj ust mefit nplagsizere 5% 6dt and 56 aslshown. déni equalized)i basebandi pignadbl e. 3

19 ol | owi ng e%ﬁn%?@detanq}i'hgmég de%qldoquﬁﬁgggga\/g% lahl BE?\#‘# ?QOP%SSQPWS above.

In the four Déecoderr 76t anay fincledesmfor, examp cﬂgrmﬁe eayera Reed-val ues are
modi fied by #gﬂ,g Yarr8 %&eﬁﬁaﬁs né C@ﬁ&b/m%ordecbaeﬂ network§13dé' ng a

o f set S'ngiht B s mincan ol 28 S Gl dufic, S Vg

systemy P}BE:EQsiﬁsoind hgudfd id ividee reproductipn devices. In a 3YStéi/ 26075
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usmg a trellis decoder, an input to the trellis decodif may be

taken from terminal T1 at the output of first rotator 22.

The system shown in Figure 2 also performs blind
equalization of a near-baseband VSB signal, but uses a real-only
15 equalizer rather than a complex equalizer as used in Figure 1. In

Figure 2, the real component of a received VSB signal is applied to
an input of an adaptive real-only feed-forward equalizer 210. The
~ coefficients of equalizer 210 are adjusted in response to an error
S1gnal E (as will be discussed). The real output signal of equalizer
20 210 is combined in adder 212 with a real output signal from a
decision feedback equalizer 214. A filter network 216
reconstructs the imaginary quadrature phase component of the
~ real VSB signal component from the real output of adder 212. This
reconstruction is accomplished using known Hilbert transform
25 techhiques and is based on the fact that the in-phase . real
component and the quadrature imaginary component of a VSB
signal approximately form a Hilbert transform pair. Unit 218
combines the reconstructed 'quadrature' component from filter 216
and the real component from unit 212 to produce a reconstructed
30 complex VSB signal with an equalized real component. Delay
element 220 compensates for a time delay associated with the
operanon of reconstruction filter 216 to assure that the input
signals arrive at adder 218 with time coincidence.
The complex VSB signal from unit 218 is processed by
35 a multiplier (rotator) 224 which operates in the same manner as
rotator 22 in Figure 1, and likewise r_esponds ‘to a complex output



of internedi ate decision regions. The offset is not used with the

out er nost WEI9586074t t he positive and negative extrenes of a Pcﬁusgsﬂgﬁztslhgn
region, eg., positive or negative infinity. Thus in the case

second synbol clustering discussed abO\[/e_, ]Ehe gsﬂaf:‘f? : 4*[2??; o(r)l_is are
i fi | ows: -inf., -2 ] - ,

ngléizl[ggr?]s fF4*[err] , +tinf.]. The deci si i)n devi ce (ZJL.I'E plrj';]s are

ified: 10 -6*[err - e _

;L[nelr?]rl v mod flESSF'err] Opti mum of it val ues for each stage of

' ' stering ,- lLevel ) are found by mnimzing transients in
?ﬂga:Q:\/ZBaEalr SQP{ i f\f"% ur}%dt by Guéfﬁ:oz?éﬂ 8 vsecomelary romwréémrgr_ﬁet‘ggﬁglrjre
oo e T g L& At 90 ih RS, 1CASUR Ple FaSE 0t Figw e
out put o e camier pel e ndEork 238 "sesondsgo shensepmpaten el i {1 er

ca o9l _ $ . . dan _ The
hi < ateLEBd?f"’n“t’”“"é%gé‘?ﬁZ?B’é@é@ni ' $ebRlpE 2aBeoThe anak componenti ¢

adj! 3st abl e F&BEJ’ Uik hgagh'i%tpfécess_'ed l&d@tmhﬁ@tﬁge[qﬁﬁﬁfﬂgﬁi BY gﬁt.
ey o etk 230° corespsii iengo\ ‘Pgﬁeg“éw{'é ?@I HE Cigire hl pAR esses only
R AEEARc b, VS Senas st e oo ot gaaset
oL oubPut 23 andh iscabnoeyed o subsequéne stindl pROSERRL biokils, thasr (. om
gag;lr ?zgragos Ioswg plied to a | _ fi rst (de-)rotator 22, which is of

conventional confi gur aTh@rmihdinpqt am_e?gtpig gfgrﬁéﬁf;‘ '@égl\f%ﬁg‘(:ﬂ?@rg}eo
conpensat e fdiffepémced Eﬁr}‘ %%ug)tﬂct&t %I gﬁﬂn{nq ?ﬁ;gpgigg_i@ i ngiignakdsi n a
cont ro;lr § g%%hlg O-tﬁ‘gtc%%IeiW’Ut of multiplier 2Bdo The | oulphd sighlpssE det ect or
secondary c . _ . Do . :
network 30 asubtractor represents the difference between the real input signal
to quantizer 230 and the quantized real 'outp_tit signal from
quantizer 230. Another input of multiplier 234 receives the real
signal output from subtractor 232. The '_imaginary: component _
2(t  separated by unit 228 and the equalized real component from the
output of quantizer 230 are combined by unit 236 to produce a
complex VSB signal which is appliéd to a 'si.gn_al input of _' multiplier
240. Another input of multiplier 240 receives a real signal from a
. conjugation network 236, which ir_ivé._rjts::' the imaginary component
2% in the complex output signal of unit 226. = -
- The output of multiplier 240 is a real passband signal
(only the real output of complex mu'ltipl'ier' is used). This signal is
applied to a signal input of decision feedback equalizer 214, and a
~control input of equalizer 214 receives an Error output signal (E)
30 from multiplier 234. This Error signal represents a passband error
signal and is also applied to input e_qualize'r 210 as a coefficient
control signal. The output of equalizer 214 is real and is c_dmbined
in a unit 212 with the equalized real output signal of ‘equalizer
210. Feedback equalizer 214 removes remaining intersymbol
35 interference not removed by forward equalizer 210. Decision
feedback equalizers are well-known. Multi-stage quantizer 230
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conponents of the output signal fromrotator 22.- 3 5 Networks for

sseparating the real and imagi nary conponents of a conpl ex signal are
wel | -known. The secondary carrier recovery - V@+95/ 26075
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typically renoves residual phase errors in the output si gnal of
equal i zer 20 to produce a baseband sigral. The secondary 5 carrier
recovery network advant ageously augnments a prior carrier recovery

net wor k i n mayds sontrodledh byhmeans cof lay MEIOVEentrol signalgirerthg sdrheets, but
whi ch may | p 1o R jal § . e of fsets.
dr s Ll B TEERIS 15, b sensihd SRCRA0C Rl

The separate 0%8 I 24 . proCessed by a real
phase dt edeyelop the NEWXoGongrolasignal| which is applied tna multiplexar in
connect i on a¢kbdiated With3 quARti2et PR30 SadNdéscribed finOFonALEHDA’ wAthiS =

r epr esent atFl.ve of, a phase error of the detector - input signal, which is
rel ated t o FoBB%kput signal of equalizer 20. The detector 32 out put

signal is filtered byPhasepdetdcter 32! dfcmetwark130 in rmegrsewndelnlt)odpr oduce a
Goci | 1 at or g ‘*%éfﬁ;‘?ydf}§§gp§f$@§$%éﬁiy did in, e coHRPORRE, 1S vl age.
Thus tI@ omepworki2 3bigurea2, is shoowmlinx detajhdn Bigure B¢ Rhasecy and
phase are epRdbt' $22mehSufdd®the phase error of the carrier using only the
: real component of the VSB signal, and produces an output signal
that is proportional to the sine of the carrier phase error. Phase
detector 32 essentially detects any quadrature phase component
15 in the real component input to the phase detector. Any such
quadrature distortion of the real component represents a phase
offset error that is manifested at the output of phase detector 32.
The phase detector includes a quantizer 310, symbol
delay elements 312 and 314, multipliers 316 and 318, and a
20 subtractive combiner 320 arranged as shown. Quantizer 310 is an
eight level quantizer in the case of on 8-VSB signal, a sixteen level
quantizer in the case of a 16-VSB signal, and so forth. Delay
elements 312 and 314 compensate for a transit time delay
associated with the operation of quantizer 310, so that signals
25 arrive at multipliers 314 and 316 in time synchronism. Phase
detector 32 is a low latency phase detector with a small (one
symbol) delay between input and output, producing good noise
tracking. _ '
The phase detector generates a Phase Error Output
30 signal Ph(t) which is proportional to the sine of the phase
(angular) error of input signal h(t). This signal is a rotated version
- of the adaptive equalizer output signal as can be seen from Figure
1. Phase detector output signal Ph(t) is defined by the expression
Ph(t) = h(t) * h’(t-T) - h’(t) * h(t-T)
35 where h’(t) is the output of quantizer decision device 310, h(t) is
the output of the adaptive equalizer after rotation, and T is a



phase error of the output signal fromthe adaptive equalizer. The 20
out put si gW&9526¢%M VCO 36 cont.rols the operation of derotat ®@CI@S95/03132t O

conpensate for phase errors in the output signal of equalizer 20.
Specifically, rotator 22 nodifies the phase of the input signal as a
function of the VCO output signal so as to reduce the phase error to
zero. 25 Usi ng wel | -known signal processing techniques, the
control signal fromnetwork 30 is conjugated by unit 64 to renove the
i magi nary conponent of the conplex contrlo8 signal from network 30. The

Control npueYEoel’ peiads Phass s Qetectst samht cvigael BR(Y) 15 proporsiomal
subsequent | ytoTthe simeaofitied inpat se@aloIRitt to atmflif et The' ?W’épp' ied to
gt nar ¥ colBRNERE 1 gl arratiematdal gine Scsianaler, ey batgresuls om -
network 50 t dromceketshapee of the inputpdutpusi transfer3Tunction of phasdlet wor k

50 is a mﬂtyﬁ*aggrdggision devi ce conpri sing three parallel quantizer
stages (decision devices) 52, 54 and 56 .. WD 95/ 26075
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provi de quanti zed data to a 3:1 tine nultiplexer 58 Net wor k 50

provi des the synbol clustering, decision regions and



"5 decCi s{yospigédut s described above as summarized in Fi gurpcHusosingis2
2-level quantizer 52 is used initially during the first (coarse) | evel

‘,of equal i zation. _VWen the RV5 val ue of a passband error signal E

devel oped at the output of second rotator 62 falls bel ow a

pr edet er m nedumumnﬂ""m sed by a conparator network in a 10" sensor
66, a Multipl ﬁm signal is generated by sensor 66.
This Control sf gnal ‘callse§ MIX 58 in nqtowork 50 to sel ect the output
fromthe next (finer) |level quantizer, eg., from4- | evel quantizer
54 at the second |evel of equali zati oOELAIMS equal i zer responds to

I nformation derived fromthe use of this 1 5 quantizer until the RVS error
falls bel ow a predeterm ned second threshold as al so sensed by sensor
66. A MAtiplixer Contlrol Izigyriystem for geerivingda ftsansmitted signal on causes

network 50 f bféﬂte&s éXMibitin aoéﬁﬁ%r fdfPsttt %ﬁétusaé&fdlxgﬁ ége Ivgfst) I evel

quantlzer 8-1evel ua 6

equal i zation in this AR € ( @Jéﬁ{ O%I%V'Sﬁg tﬁgu?hﬁtl%n

const el | at i @aid Aleceivierd s1gnal p@n@t it is expected that equalizer 20 should
be able to converge

non-inverting (+) I an?t cgpt{%néF%?rk for C%%trpgl% t‘]‘&oﬁb’?gé!lé'? #;Isab%fore
quant i Za@i omquahder hto iproduceoblind 2qualizationt i sajd( cpntnqclunetlﬁodonbl ner is

the conpl ex; | gafter guanti zation of the real conponent. Thus the
out put  si gna rom conbi ner 60 represents the before and after
quanti zati on di f (@) ehcmuliple sags riserativie qruantizer (MY J65i r ed

quantlzatlorqdaaﬁehng outpu“t'huatas ﬁaa{ §di&réqaﬁh§eﬂ RaRe! tﬁiase error.
Rot at or 22 ang é}ﬂrotato l § conpl ex rot il Lsgh rotate i.n
opposi te ibiting | progressively gt KiRsOluGAR A9aRtZARioR, deYFLeat’ The
di fferdn§e respectiwe osgdgesy direction is caused by the conjugation of the
si gnal applied t r d r ot at or
22. - Error signal ?ES dgvéggﬁg‘%l 4?6% %&f%ﬁ{ﬁ&? th ﬂﬁ%ﬂﬁgé&‘ ‘A%ﬂ%esent S
t he from said quantizer for generating a control signal; and
(c) means for coupling said control signal to said
equalizer. |
20 |
2. Apparatus according to claim 1, wherein _
said received signal is a vestigial sideband (VSB) signal
formatted as a one-dimensional constellation of data symbols (-7,-
5,-3,-1 1,3,5,7) representing digital image data and subject to
25 exhibiting a carrier offset; and _
said quantizer groups said VSB symbol constellation
into progressively smaller clusters of symbols (Fig. 4).

_ 3. Apparatus according to claim 2, wherein
30 said received signal is an 8-VSB signal; and
said quantization stages respectively exhibit 2-level,
‘4-level and 8-level quantization. |



3 passband phase error that equalizer 20 is intended to renove by
adj usti ng wooseeesficients in response to error signal E. P%g%é@@O?S
PCT/ US95/ 03132 15

Net wor k 50 may us ve quanti zer W|th a controll able
guanti zation |evel !jﬂﬂt"ﬂgjw i]j BI separate 5 ‘quantizers 52, 54 and 56

as shown. An equal naI I s decoded by unit 76 and =
processed by an out put processor 78. Decoder 76. may include, for

exanpl e, de-interleaver, Reed- : SoI 3r90n error correction, and

audi o/ vi deo decoder net woeg : E)ut processor 78 may include -
audio and video 1 0 phoc PBPE"’tHﬂda%ﬁﬂi ngarfe ¢laey Lep‘fhﬁmmlon devi ces.

In a system usi ngsald regntrel dretwdek, fmher‘ﬁﬁ«:lﬁd’d hﬁeﬁﬁ {6@ ggf:oder
may be g%fl{gg ?&}Ejﬁa @]abaf l_the ? tlf f| rs

The system spown I N °Fi"gu QOrcl?E“Iﬂ ‘P‘i_a?f gmtput o
near-basebandabasﬁr@mmnd quanuzets areal-only 1 5 equal i zer rather than a

conpl ex equalizer as used in.Figure 1. In Figure 2, the real conponent
of a received VSB signgl is applied to an input -of an adaptive

real -only feed-forward2eq PPMBQI@COTdHIg to claipt fl,candt furtherequal i zer
210 are adj ustmprigsingsponse to an error = si gnal. E (as will be

di scuss The real output. si of equali zer 10 is conbined in
adder ig}wlth a real fl égﬂﬁ’él eFP?fgrﬂé networi (1%) for providing a
near baseband s1gnal to said equalizer; and wherein

sa1d control network further develops an error slgnal

(E) repr esentmg a carrier error for apphcatron to a control input of
said - equalizer. o

15 .
6. Apparatus according to claim 1 and further
comprising A
" a carrier recovery network (22,30,62) for
~ shifting an output signal from said equalizer 'toward baseband.
2) '
7 Apparatus accordmg to clalm 5 and further
compnsmg
: a second carrier recovery network (22, 30 62) for
shifting an output s1gnal from said equahzer toward baseband

8. Apparatus according to clalm 1 and further
including

means (60) for producrng a s1gnal Tepresenting a
difference between an unquantized mput to said quantizer and a

3_() quantized output from said quantizer, representmg a carrier

phase error; and

means (62) for conveying said dlffere ice srgnal to said
equalizer and to said detector. :



~deci si on ¢,895kaek equakizer 214 A filter network 216 PCIURISDIWLL s t he
| magi nary quadrature phase conponent of the real VSB signal conponent
(fromthe real output olfilmg ’Ti F”I llmt reconstruction is acconplished
usi ng known Hil bert tr i ques and'is based on the fact that
the in-phase real corrponent and t he quadr at ur e ‘i magi nary conponent of
a VSB signal approximately forma Hi lbert transformpair. Unit 218:
conbi nes the reconstructed quadrature gdnponent fromfilter 216 and

the real conponent fromunit 212 to produce a reconstructed 30 conplex VSB
signal with an equali®fed Iea systemnfort reﬁalvayg a tramﬂmmaﬂ videéo csignahsat es

for a tine 0 t ! I on
filter 216 ?§5§§gf}f€ ?hgéﬁﬂﬁm‘flplnu{a? data si“gha Es arp fg\/seehgt%%n?ag&%w W th
time coifdci dmage. data and subject to Exhibising ok casresi gffset,f aomethed 218 is
processed b¥1s§d51n aaseyéifawa,‘n' %ﬂ(rgtﬁgﬂaﬁ Matcib WAV E Dliny t he sane

manner as tor re Wi se responds to a compl ex
out put equa{maggpg metilgél compnsmg the steps ots P P

PCT/ US95/ 03132 (a) equalizing said received input signal #6 produce angnal
produced by a VCO i.n_a,secondary carrier recovery net wor k 226 .
cor r espondi Qytput uﬂﬁf‘abo in Figure 1. As in the case of Figure 5 1,

carrierl 0ecovery net wibl Refativelyoquantizingiesaide patputedigmall from said
conmponent  of, ot Bfi, Mg PitepS AN 3tcdrdalck OWALR" proghedsiveiyV hifitbr¥efolution
multiple quantization stages, said quantizing comprising the steps
of o > . _

(bl) grouping said constellation of symbols into
15 plural symbol sets; |
' (b2) quantizing each of said symbol sets at a first
stage level of resolution with an associated decision
region to produce decision output symbols for each
symbol set;
20 ' (b3) evaluatmg sa1d decision output symbols
with respect to a threshold value; and _
(b4) repeating steps (bl) to (b3) as a function of
a threshold value for producing progressively finer
quantizaiidn levels at successive stages;
25 (c) deriving an error signal as a function of said
decision output symbols; ‘and
(d) conveying said error signal to a control mput of
said equalizer.



real /i magi nar é corrponent separator 228. The real conponent fromunit

228 is pro?' By a nulti-stage quantizer decision - PET/MSYS03 2520
corresponding to network 50 in Figure 1. An 1 0 equalized baseband VSB
signal appears at the output—ef—gquanti zer 230 and i s conveyed to
subsequent si gnal cuits (not shown) . K
The real input an ﬂmpgglﬂﬂ ﬂw of quantizer 230 are di fferenced by
a subtractor 232, g real signal is 15 applied to an

i nput of nultiplier 234. The output si gr&& of subtractor represents
the difference between 1t e real |nput signal ... to quantizer 230 and the
quanti zed real output s (gnaiA fipgthod  in amdaneerwmo::lmntmewnm of

mul tiplier 2%acheofisaid yuantizsdion level$idhin ¢ptractor 232.
The inagigary conponent b?ggggmg Eéj;pqual i zed real

ar at.ed b I t
conmponent” from the gr&‘B?ﬁ% utaids cQn é?éi? ation ZWHP@ doioi pbirabysymbol 236
to produce aSets; corrpl ex VSB signal which is applied to a signal input of-

mul tiplier 240. g4 r 240 regei,ves a.real
signal from a con| ugat | o% net w%;kr@g% %\#ﬁ% 19\A decisioa regiomar y
conponent 252 nd, the conpl ex out put si gnal of unit 226.

The output of nultinpl | ¥ igS %rmram 3 only real
‘out put qf co Lr,l%x ?‘ul t.i 5’|0| f;(gln @ s sign %I %&%bd °‘HIBHF§ e%“
signal i'n 18%; 34id,, Eb‘&l%d'@géﬂ aFYé tong, ‘and a control i nput

of equali zer 214 receives an Error output si gnal ‘(E) 30 frommulti plier

234. This Error signal 176Pr gS asshand erragr, signal and is al so
applied to i nput equal |, zer g{%éo‘i &9&’5}% dRt cf)alm 9@0W41Pl')¢ln5| gnhal . The

out put of equalizer 21inisaidegroupingi step)rrkalﬂedymbolslﬂreagtahge ﬁ,Wlth the {
equal i zed repi-ogwsg)]%ly g‘ﬂghlepf gag fl‘n ai,. . Feedback equalizer 214
erterence '

renoves mal ni ng i ntetsy renoved by forward
equal i zér§210 Deci si ol § %@@BQ@B Stem| saidr SlealslonetéglanV\Oxhlblt a

Mil ti-stage pwgltesmml%(harrower range.

12. A method according to .clz?laim 9, wherein

said received signal is a vesuglal sideband (VSB) signal .
20 formatted as a one-dimensional constellanon of data symbols (-7,-
5,-3,-1 1,3,5 7) | -

13. A method accordmg to clmm 12 wherein
said recexved signal is an 8-VSB s1gnal and
25 said quanuzxng step compnses three quantlzmg stages
respectively exlubmng 2-level 4-level and 8-level quantlzatlon

14. A method in accordance with claim 9, wherein

said steps - (bl) to (b3) are repeated until each set
3) cqntains a single symbol.

15. A method according to cliim 9 further comprising
the step of

modifying decision region valu¢s by an offset. factor
3.1 having a value greater than unity.



WD 95/ 26 Wkb95/26075 PETT/USSRB 02132
17 may be controlled by nmeans of a MJUX Control signal in the same
.manner as shown in Figure 1; by sensing the Error. signal to 5 develop the

MUX Control signp ' b i ied to a nultiplexer associated with
quantizer 230 a*ﬂulwuﬂmuﬂui\l@gunnectj on with ~ Figure 1.

Phase detector 32 or networ in the secondary carrier recovery |oop
of Figure 1, and in the corresponding230 network 226 in Figure 2, is shown
in detail in Figure 3. Phase detector 32 neasures the phase error of
the carrier using onllf.thd& methade gccerdipgntntclaimt §efurdeersicgmprisingd

pr oduces aqheum@ptofignal that is proportional to the sine of the
carrier_phase error. Ph@%& . det.egt oy , 32 esssnLiaIIy dete%ts any
quadrat®re phase conmfBHEHRleXing; said,decision $mMBAL RUIPHLY tto; JOTMe aBhase
detector. Asutpagchiatastregundrature distortion of the real conponent

represents a phase ~offset error that is nmanifested at the output of
phase detector 32. . The phase detector includes a quantizer
310, synbol del ay el ements 312 and 314, nultipliers 316 and 318, and a

20 subtractive conbiner 320 arranged as shown. Quantizer 310 is an
ei ght level quantizer in the case of on 8-VSB signal, a sixteen |evel
guanti zer in the case of a 16-VSB signal, and so forth. Del ay



el enent sglesRps 314 conpensate for a transit tine delay peppsapsfhated
with the operation of quantizer 310, so that signals 25 arrive at

tmultipliers 314 and 316 in tinme synchronism Phase detector 32 is a

| ow | at ency phase detector with a snall (one synbol ) del ay between

I nput and out put, producing good noi se tracki ng. ' The
phase detector generates a Phase Errqr Qutput 30 signal Ph(t) which is
proportional to the sine of the pha 24 (anqul.ar) er pf 1 nput si gnal
h(t). This signal is a rotated version BN tae equal i zer

out put signal as can be seen from Figure . &3Pt Ct or out put
signal Ph(t) is defined by the[expressron > 8 Ph(t) = h(t)
* h' (t-T) - h'(t) * h(t-T) 3 5 wis Ha quanti zer

deci si on device 310, h(t) is- g —+d ad By¢ equalizer
after rotation, and T 1 9] '

PCT/ US95/ 03132 = synbol

peri od. Phase detectd roportional . to the sine

e sine 5 function is not a -
from the shape of the
ector 32.

of its input signal,
mat hemati cal Sine|furn
| nput - out put trangfer
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CLAI M5 1. In a system for receiving a transmtted
;signal - subject to exhibiting a carrier offset, apparatus conprising:
an equalizer (20) for performng blind equalization of sai d received
signal ; and . a control network for controlling the
operation of said 10 equal i zer t oduce blind equalization, said
control network i ncl udi ng %y%- (a) a multiple stage .
iterative quantizer (50) for guanti zi ng output data fromsaid
equal i zer, said quantizer exhi biting prdgressively finer resolution

quanti zation | evel,
detector (60,66) rfesponsive to g
generating a contdol signal; and
said control signgl to said

Appar atus according to claim
signal is a vestidgial sideba

(b) a
fromsaid quantizer for
(c) means for coupling
' 2

§§ sai d recéived
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- f or mat t eqygosmome- di nensi onal constel lation of data synmboperiseso3isz -
5-3,-11,3,57) representing digital inmge data and subject to 25

vexhibiting a carrier offset; and sai d quanti zer groups
said VSB synbol constellation into progressively smaller clusters of
synbols (Fig. 4). 3. Apparatus according to claim?2
wherein 30 said received signal is an 8-VSB signal; and

sai d quanti zation stages respectively ibit 2-1evel, 4-1 evel and
8-1evel quantization. WD 95/ 260

PCT/ US95/ 03132 l 1111121 112121 2112171 12121 111111

20 4. Apparatus according to claiml, wherein

said control network further includes neans (66) for 5 generating a
control .signal for controlling the resolution of output - data from
sai d quanti zer. . 5. Apparatus according to claim 1, and
further conprising 10 a first carrier recovery network
(18) for providing a near baseband signal to said equalizer; and
wherein said control network further devel ops an error

si gnal (E) representing a carrier error for application to a control
i nput of 312

INPUTSIGNAL () :

ONE SYMBOL } ht-T)
r 1 DELAY

310 | quaNTIZER

o §
2
L 5] ONESYMBOL
DELAY [ n(t-T)
314

FG. 3
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- said equawbggim-,g_ 5. 6. Apparatus accor di RgTUS9¥03a32m 1
and further conpri si ng a carrier recovery -
net wor k (22, 30,62) for shifting an output signal from said equalizer
toward baseband. 2) 7. Apparatus according to claim 5
and further conpri-sing
recovery network (22, 30,62) for shi f g an dUWﬁ
equal i zer toward baseband. 2 i Aﬁf 8.____Ap ﬁ%?d?usJaccor_lng to
claim 1 and further i ncl udi ng T neans (60) Tor’ -
produci ng a signal representing a di fference between an unquanti zed
I nput to said quantizer and a 3 ) quantized output from said quantizer,
representing a carrier phase error; and nmeans (62)
for conveying said difference signal to said equéilzer and to sai d
det ector. WD 95/ 26075

_PCT/US95/03132 ORIGINAL VSB DATA 21

, CONSTELLATION -7 S5 3 4 1 3 5 7
FIRST CLUSTERS 7 5 -3 -1 @0t 3 5 7
DECISION REGIONS -INF., 0] | [0, +INF]
DECISION DEVICE QUTPUTS -4 4
SECOND CLUSTERS 7 5 B 11 @0 3 b 7
DECISION REGIONS [INF. 4 [4 0 [0 4 [4 INF]
DECISION DEVICE QUTPUTS -6 -2 2 6
THIRD CLUSTERS /B ) B o I ) B < O R U
DECISION REGIONS [-INF, 6] [-6, -41[-4, -21[-2, 0] [0,2] (2, 4] [4,6] [6, INF]

DECISION DEVICE QUTPUTS 7 5 3 4 1. 3 5 7

FG. 4
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"9. In a systemfor receiving a transnitted video S|PGT/I"sg séfénlé% a2
constellation of data synbols representing digital m& a 5

,Subject to exhibiting a carrier offset, a@ nethod =  used in association
with a signal equalizer to achieve blind " equalization, said nethod
conprising the steps of: (a) equal i \ 0
i nput signal to produce an outquQpignal; 10 REPEAGENEWHE§U,EF
iteratively quantizing said output signal from said equal izing gtep
in accordance with progressively higher resolution @ﬁﬂé&ﬁﬁ@Qb
quanti zation stages, said quantizing conprising theistleps of
(b1l) grouping said constellation of synbols into 1 § - ; pludal
synbol sets; (b2) quanti zi ng leach of-—sai-e—syrbol
sets at a first stage |l evel of resolution with an
associ at ed ﬂ i 'BB region to produce decision out put
synbol s fop S8 DATA ynbg set; 20 (b3) -
eval uati ng g gmision oufBut syébol -1 1 3 aﬁth7respect to a
t hreshol d val ue; and (b4) repeating steps (bl) to
(b3) as a function of a threshol d value for producing

pr ogr essi velg/ finer quanti zation | evel s at successive
st ages; 25FRST CLUSTERS (c)X-Tderi vdng ah errtlr sllgnald as & fuhktion of said

deci si on out put Séﬁbm s; and (d% conveying said error
signal to BECES!GNHE ONS nput of-INF., Okai d equal i zer [0, +INF] -

DECISION DEVICE QUTPUTS -4 4

SECOND CLUSTERS 8 B o3 BTl
DECISION REGIONS [INF. -4] [4 0 [0 4 [4 INF]
DECISION DEVICE OUTPUTS -6 -2 2 6

THIRD CLUSTERS 71 81 181 [ 01 BB 81 [7]
DECISION REGIONS [-INF, -61[-6, -41[-4, -2] [-2, 01 [0, 2] [2, 4] [4, 6] [6, INF]

DECISION DEVICE OUTPUTS - 5 3 1 1 3 5 7

 FIG. 4
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dec¢i si HO3H 8G0oH4@val uat i on.
aim9, wherein : :

O 1 ey Appichlog ?'{;%?e?:i vel yes/iRdsksibs 5@ Desbaatansuied B8, T, KB, MX. £, US, European

tion level s cBNPHPERIPhe steps of: -
ool g T OPERATION JREATY (PCT)

dati-pg—each—set—HTFESPect {0 a Lan. . \
b (Fhntergatioee] REtFS gt’fs'glﬁ’ deci sion sy hp 8@3%%%%“%??%2011 N(SI mbgés ?2 do?,(g ;5(/126075
(43) Internations] PublidktiencRatee o Z&:Seetesfier 1A% (39999

v

H--saggroupT Ty STEP, sal d synpols are

ng s sai d deci si [ egi OHW@)@BB%?*.QE,DK,ES,FR,G ,GR, IE, IT, LU,
Ve MC, NL,

BE;
NL 3T 5B ret hod accor di ng to

Cl "I m . . ! . . .
g 9, wherein saiM” fecei ved signal is a vestigi al

si deban Q signal 20 formatt [ i
D ﬁ Q ] ed as fpubiisheddi MENSI ONAl '
dat é § 5 \%J Al /Zl/Ma.rch 994 31.0394)1, 3, GF 7) . With international s_earcl?;g;]o%agl | 2‘} :Tg?hg](;
3 :

acdgor di t [ [ [ [
aim12, wherein said received signal is an
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(549 Title:)mD EQUALIZER FOR A VESTIGIAL SIDEBAND SIGNAL /

(57) Abstract

A television signal receiver
data constellation includes a first
A multiple stage quantizer network
providing blind equalization without need of a "training” signal. The second carrier recovery network
wherein a one-symbol delayed

combined (320) to produce an output signal representing a carrier phase error.

for processing an HDTV signal transmitted in a vestigial sideband (VSB) format with a one-dimensional
carrier recovery network (18), an equalizer (20), and 2 second carrier recovery network (22, 30, 62).
(50, 66) exhibiting progressively finer resolution is associated with the operation of the equalizer for

includes a phase- detector (e ORE
(312) input signal and a quantized (310) input signal are multiplied (316), and an unquantized input signal
and a quantized (310) one-symbol delayed (314) input signal are multiplied (318). Signals produced by the multiplication are subtractively

L



14. A nethod in accordance with claim9, wherein sai d
steps (bl) to (b3) are repeated until each set 3 ) contains a single”
synbol . 15. A method according to claim9 further
conpri sing the step of L - modi fyi ng deci-si on region

val ues by an offset factor 3 haV|ng a value greater than unity.
95/ 26075 PCT/ US95/ 03132

23 : 16. A nethod according to claim 9 further conprising
the step of 5 nultlpIeX|ng sai d deci sion synbol outputs to

form an out put : datastream
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