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The recovery of data from a VSB or a QAM
(Quadrature Amplitude Modulated) signal at a receiver requires
the implementation of three functions: timing recovery for symbol
synchronization, carrier recovery (frequency demodulation) and
ecaalization. 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 symbol values. Carrier

Tecovery is the process by which a received RF signal, after being

frequency shifted to a lower intermediate frequency passband, is
frequency shifted to baseband to permit recovery of the
modulating baseband information. Equalization is a process which
compensates for the effects of transmission channel dlsturbances
upon the received signal. More specifically, equahzatlon removes
baseband intersymbol interference (ISI) caused by transmission
channel disturbances including the low pass filtering effect of the
channel. ISI causes the value of a given symbol to be distorted by
the values of preceding and following symbols.

For QAM signals, timing recovery is usually the first
function implemented in a receiver. The timing is recovered from
either the intermediate passband signal or from a near-baseband
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The recovery of data froma VSB or a QAM
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channel di sturbances including the |ow pass filtering effect of the
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i.e., a baseband signal with a carrper offset that is corrected by a

carrier recovery network. In either case, timng can be 5 est abl i shed
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frequency offsets from the near-baseband signal to produce a. true

15 baseband output signal. This functron is performed by digital

' receiver circuits. The equalizer is inserted between a first local
oscillator which performs the shifting to near-baseband and the
carrier recovery loop network This is because the carrier
recovery process typxcally is a decrsron-drrected process (as

20 known) that requires at least a partrally open “eye” which is
provrded by the equahzer functron

A QAM srgnal is represented by a two-drmensronal

~data symbol constellation defined by Real and Imagmary axes. In
contrast, a VSB srgnal is represented by a one-drmensronal data

25 symbol constellation wherein only one axis. contains quantized
data to be recovered at a receiver. Synchronous demodulatron of a
VSB signal has usually been accomplrshed with the aid of a pilot .
signal ., The pilot srgnal facilitates demodulating the VSB signal to.

_ baseband in one step, typically without residual phase or

30 frequency errors. Performing the functions of timing _recove_ry,
demodulation and 'equ_alization in the order they are performed
for QAM signals does not work for VSB signals using conventional
techniques. For QAM srgnals, several timing recovery methods are
known which are mdependent of the frequency offset between

35 the near-baseband signal and the baseband signal. However, it is
generally accepted that frequency independent timing recovery is



"provi ded by the equalizer function. A QAM signal is
Pepresent"\é%gflﬁf‘% '?wo-di mensional _ - -data synbol constefC3f4s %&&%ﬁi ned by
. Real and I maginary axes. In contrast, a VSB signal is represented by
a -one-di nensi onal data 25. synbol constellation wherein only one axis

cont ai ns quanti zed datia to be recovered at a receiver. Synchronous
denodul ati on of a VSB signal has usually been acconplished with the
aid of a pilot - signal . .The pihkot signal facilitates denodul ating the
VSB signal to baseband in one Step, typically W thout residual phase

or 30 fr ey: ' t f .0 .10 recovery,
denodul at i gﬁygﬁﬁﬁgﬁgﬁ Zﬁﬁoﬁgﬁ%ﬁl{ %rot:ﬁgse rrgé‘%btélﬁ’ gﬁ e9§5 P%@g}f’ f gr QAM
si gnal s doabsoiste ydemodulatigns toj hasebangdsihas historicallyndeen t echni ques.
For QAN simpdémentlefigst.ti m ng recovery nethods are known which are

I ndependent of the f{equen off se ween 3 5. the near-basehand signal
and the baseband si gilhlCll : [g}s,eqt t\Pﬁ sysr}emgettl}gr BﬁPg CARROREH 1Shat
frequency injdetednintot the biasgbansk signa} ats the wansmvi@epsdv@iemall DC

PCT/ US95/ 03%R38t. This DC offset generates ag ier “tone” becadse when thet feasible
for VSB si [ For thi,s r.easons, |

S , SYS} ens, .absol yte
denodul at i S 1BTietsis,mmitipkied by 2 a ST‘H?‘“(%éW“Eg suchas éﬁeﬁl‘e M st
| E ab|dj ﬂ)gt oﬁssilﬁghdftéﬁBe?](y)stwsind fanptibnj ac‘sim'rlnflyt phased carrieg ect eﬁ i ntD(C): .
t he baseba ' NSt S Thi s
of f set gemgkg'l aetS E%@{sém#eﬁd’[%n@ﬂ%ég‘éu@% u\%ﬁén h%%ase B&Ré{'f@tgp is
mul ti pl i ed(BlLaningthe regeives demednlator Hoaranslate, theomadidated Y SB gh

frequency signaheaof basdbaad. Singe Niheapilt FBpfesenBatid DC compofBft ofsul ts.
Thi's carri e S5B sclgxrllal?ean Sﬁlqs bﬂCa cgrrﬁ%?)gentolcsk?rg tlxg “Riddle of the

15 vestigial sideband, the tone appears to be situated in the middle
of modulation “noise” caused by the data itself. Normally this -
modulation noise is treated as unwanted signal for the pilot
tracking PLL at the receiver. |

The pilot can be extracted by means of a very narrow

20 Dbandpass filter prior to the PLL. However, this requires a filter
with such a narrow bandwidth to achieve sufficient data noise _
rejection that the tracking PLL is not capable of tracking all phase
and frequency offsets of the incoming signal, especially when
consumer grade tuners are used. Shifting the pilot component to

25 baseband is not done easily in the digital domain. If analog
circuits are used, problems of compensation for tolerances and
temperature effects, for example, will have to be addressed. The
pilot component also wastes power, and it is possible that a

. transmission channel perturbation such as a channel null will

30 cancel the pilot. For these and other reasons, it is herein
recognized as desirable to provide a system capable of
demodulating a VSB signal to baseband without relying on a pilot
component of the received signal.

One example of a VSB system including a pilot

35 component is the Grand Alliance HDTV transmission system

recently proposed for the United States. This system employs a
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4 : Summary of the _Inven_non . _
15 In accordance with the principles of the ptesent _

invention, a carrier recovery demodulation system suitable for
use with VSB signals advantageously achieves carrier recovery
without reliance on a pilot signal or an equivalent signal. This is
accomplished using a filter network and a phase detector

20 responsive to output sign'als from the filter network. The filter
network has a band edge response with respect to at least one of
upper and lower band edges of the VSB signal frequency
spectrum, for producmg a suppressed carrier double s1deband
amplitude modulated (AM) 51gnal at the output of the filter

25 network

In accordance with a feature of the mventlon, the

filter network comprises first and second dlgttal band edge fllters
having band edge responses respectlvely associated with upper
and lower band edges of the VSB signal frequency spectrum for

30 producing double sideband amplitude modulated signals at
respective outputs of the first and second filters. The filter _
responses are complementary to the frequency spectrum of said
received VSB signal at the band edge that the flrst and second
filters are respectlvely ftltermg



"VSB digital transm ssion format for conveying a packeti .g/r
dat ast r e¥R?53#91i s being evaluated in the United Stat esZ’E TP§8103155

. Federal Conmuni cations Conmi ssion through its Advisory Conmittee of
Advanced Tel evi si on Servi.ce: (ACATS). A description:" of the Grand
Al'liance HDTV systemas submtted to the ACATS <*°  Technical Subgroup on
February 22, 1994 (draft docunent) is found in the 1994 Proceedi ngs
of the National Association of 10 5§Broadcasters, 48th Annual Broadcast
Engi neeri ng Conference Proceedi ngs, March 20-24, 1994.

Sunmary of the InventionBrief Description of thd 'DASfFAgSance with the
principles of the present I nvention, a carrier recovery denodul ati on
system sui tabl e for use with VSB signhal s advant ageously achi eves
carries recovery - In whe¢ hdeawingt i ance on a pilot signal or an equival ent
signal. This is acconpl i shed using-a filter network and a phase
detector 20 responsive tqQ output signals fr?mthe filter network. The
filter net wor k Figgre, lnanha blgsk %é%ﬂé’éﬂb@ vit tRPTHER pek ant advancedast one
of t um@éviawﬁd r@yéiver) aguthedged Igmt\her_eh@es,i imelbding cauegﬁi/er tud
spectrum for producin S [ rrier S n - anplitude
nodul at ed f{eﬁﬂ)vgg ﬁgke"gtlaq ﬁégg{fﬁg%? 8/?&} htbgf P‘qﬁgﬂh% é gg?work.

| n acdd) daimxentiom. a feature of the invention, the filter network
conprises first and piggedd ﬂ@'iilgktrﬁfé‘datﬁgﬂﬁudd |¥&kiis fre u@ﬁ?éy ng band edge
responses respectively associate t h upber . and_| r band edges of
the V8B <iTFARPITaS: Mbetiepaisy assacupteionitin the, SRRTAHAR 86 UBP cSLItEmy Rha

anpl i t ude Figiweé at.ed signal s at respective outputs of the first and

second filters. The filter responses are conplenentary to the
frequency spectrum of gai recei ved_ VSB si gnal at the band edge that
t he fﬁggt and second Bet ed; %CBPBOPegﬁéSFiﬁég‘ymﬁsl-teri ng.

In Figure 1, a broadcast VSB modulated HDTV analog
signal received by an antenna 10 is processed by an input
network 14 including RF tuning circuits, a double conversion tuner

20 ror producing an intermediate frequency passband suitable for
conversion to digital form and appropriate gain control circuits,
for example. The received VSB signal illﬁstratively is an 8-VSB
signal with a symbol rate of approximately 10.76 |

- Msymbols/second occupying a con'vention_al NTSC 6 MHz

25 frequency spectrum, in accordance with the Grand Alliance HDTV
specification. Specifically, the received VSB signal in this example
is an 8-VSB signal having a one dimensional data constellation
defined by the following eight data symbols:

' 7 -5 3 113 5 7

30 The Nyquist bandwidth for this system is nominally 5.38 MHz for
example, with excess bandwidth of nominally 0.31 MHz at each
bandedge. The disclosed system may also be used for 16-VSB
signals, for example. |

. The output signal from input processor 14 is converted

35 from analog to digital form by an analog-to-digital converter 16,

which operates at a sample rate of 2 samples/symbol. The
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5 Brief Description of the Draw ng

In the dra‘V\?ﬁﬁf.zﬂm Figure 1 is a block di aaprcgnl?%gfmlsport i on
of an advanced tel evision receiver, such as-a HDTV receiver,

I ncluding a carrier recovery systemin-accordance with the princi pI es
of the 10 I nventi on. Figures 2-6 illustrate anplitude
versus frequency responses of signals associated with the operation of
t he system of Figure 1. 15 6 Det ai | ed Description of

t he Draw ngs . In Figure 1, a broadcast VSB nodul ated HDTV
anal og reééﬂa@' VB Rigid Ma aﬁh@maerwapxl& bﬁn@oﬂ@ﬁsm lhxs abedmnput

network 14 | tuni ng, Cir 0 20 f
pr oduci ng a ‘g#ﬁ@GREYe 'H‘eg”u 2:2]’ gﬁﬂ e§u?f§§$né/1ﬁ{ﬁtz bal Hggsaver si. O(I’)lr
to digital fmmmnaﬂgf aitpatedr atits3§aMHzorfheo frasjuenay t spectrum oHrthisanpl e.

The recel V%ﬁi & @i&2in mydt wwm@ 16! déchﬁ/se%na Galg® of 2.385MH2! 08138 2
synbol rate oxi met.ely 10.

ccu a
convent i onal CK!'HE“EBE ?Y'&‘&G@ﬁ@ué’ﬂeb%/teﬁﬂ Hsﬁe‘grcga?ﬁa%ﬁy\m? h the
Grand Alli asampied this si napem 2152t MHz, Syieichf iscavioe, thdrsynebodi ratd. VSB

L9150 L, SO g R e B A 1
-7 -5 -BJ-1 basgband’ pjse Tﬁ@PN} smoﬁﬂrﬂiﬁﬁi d(%% sighal, s‘;?stnemlpé Woni nal I'y
5.38 Mz forsitnated at 2.69 MHz (the Nyquist frequency), which is l/8 fse. In
the followmg discussion
f. is the carrier frequency of the transmitted signal
(nominally 5.38 MHz),
15 fst 1s the transmitted symbol frequency (10.76
Msymbols/sec, or four times the Nyquist frequency), and
fsr is the receiver sampling frequency (_21.52.,Mhz).
At timing lock, fsr = 2ft. At 'carrier lock when demodulation to
baseband results, fc = 1/4 fs;. .
20 The digital signal from ADC unit 16 is apphed to two
complex bandedge filters 20 and 22, which are mirror image
filters around the Nyqurst frequency. Each filter exhibits real and
imaginary functions so that output srgnals from these filters
contain. real and 1mag1nary components. In Frgure 1, a letter “C”
25 designates those signal paths which convey complex signals with.
real and 1magmary components. Other signal paths convey only -
real components. Filters 20 and 22 produce output signals without
image components, i.e., the output signals contain either positive
' or negative spectral components but not both. This has the
3D advantage of not generating spurious components that may be
difficult to remove subsequently. In this system filters 20 and 22
are designed to have complex analytic output signals with '
negative spectral cornponents as will be seen from Figure 2. The
negative spectrum is’ arbitrary; the positive spectrum also could
35 have been chosen.




exanple, wth excess bandW| dth of nomnally 0.31 Mz at bandedge.
The di sc%%sdz ‘Vstem may al so be used for ‘16-VSB 9@‘{1;')'?1595/(?(1)5; exanpl e.
. The output signal frominput processor 14 is converted 35 fromanalog to
dtgital formby an anal og-to-digital converter 16, whi ch operates at a
sanple rate of 2 sanpl es/synbol The WD 95/ 26101
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signal may include a pilot conponenf and has been. = denodul ated by unit

14 so that the center of the 6 MHz band is 5 nom naIIy situated at 5.38
- MHz. The frequency Jrigure uZn dépicts she negativegrfsequenayhespeaprum of ADC 16

OCCUpI es 2p StHWzb nabi g roni zation
is est bI | s ng%cd jh ahﬂp§ss3§es OHSCSMFE flsllvglﬁaZDaHh& zé%agl/l@lz whi ch
i s tWI %‘Fd‘f’ of the re‘pﬁwge i tapRMFPr Bresents the
DC poi nt oi‘nptuk'e of figtersa |20l Qnd ZDaﬂﬁieambtnui'&% sagnkll thadepogitive agredl ( PAM)
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whi ch i s
flerr] is teﬁ nigyes; elﬁaVH’GSql}Bﬂcyegﬁmt%épﬁﬁﬁ'ﬂmn Filter 2Qyextracts the( noninal | y

51887“/"‘2) , upper banded e of thef hfégﬁﬂlvdtcss pelfrubd 0TS e t‘¢SBS¥f§iﬁ|l fahgquegcy
1£ Sr i gq he p@@ﬁe"f"%ﬁ% 'ihﬁg W%[Péﬁlﬁ‘gg%ilgﬁé%‘jgat“ve S g%?C%Q rﬂfﬁg | ock,
flerr] = 2mequB signalar The rupper kbandedgeeiso dbatamhich teontains theaseband
Lﬁ??l tlg | s EH g‘ééétfen% .cotffponents, regardlessbf WiHthét thegnake from ADC
po ive “or negative components. The lower bandedge is
associated with the lowest frequency components. The bandedge
15 responses of filters 20, 22 and the VSB signal intersect at the
Nyquist points. In Figure 2 and subsequent Figures, a symbol “A”
designates a carrier frequency offset such as may be associated
with - a near-baseband signal, i.e., a signal not completely
frequency shifted to baseband. This offset will be discussed in
20 detail in connection with the carrier recovery (baseband
demodulation) aetwork. _

The responses of filters 20 and 22 are complementary
to the frequency spectrum of the input signal at the bandedge the
filters are extracting, as shown in Figure 2. This has the effect of

25 producing a double sideband suppressed carrier amplitude
modulated (AM) signal when no pilot component is present in the
received VSB signal (Figure 3), and producing a double sideband
residual carrier AM signal when a pilot is present in that _
bandedge. The response of filter 20 to the left of frequency fi is

30 not critical, and the response of filter 22 to the right of frequency
f2 is not critical.

Prior to establishing timing and carrier lock, these AM
signals contain frequency (and phase) offsets that may be used for
timing and carrier recovery. Specifically, the center of the AM

35 signal obtained from the output of upper bandedge filter 20 is
situated at -fc-1/4 fg. If a pilot signai is present (such as in the




~conpl ex bandedge filters 20 and 22, which are mrror inmage filters .
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conponents. O her signal paths convey only real components. Filters
20 and 22 produce out put signals wthout i mage components, i.e., the
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Figure 2 de
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Thelnﬁ tﬁ{mﬁga‘behas p(t)%]tlve.an £ . ne atlve s&cﬁra The positive .
spectrumi s ERPY RPLHECH FAfreIs o flé%sr?nlﬁ JOMRE negati ve

~ spectrum Fuppressed earnierctbandhedge AM gignalsb tgwige3)3f the negative
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t hat whi c% QWRLL; signal, from filter 22 1s conjugateg y unit 925u pg hl J

spectrum of the filter 22 output signal from negative to positive.

1! This is illustrated by Figure 4. Conjugatxon is a well-known. '
process performed in unit 25 by first separating the signal into its -
real and imaginary compbn_ents using well-known methods. The
imaginary compbnent is i'nverted by multiplying it by a negative
unity factor. The inverted imaginary component and the original

2( real component are re-combined. The recombined lower bandedge
AM signal is multiplied with the upper bandedge AM signal from
filter 20 in multiplier 26. An AM signal produced at the: output of
multiplier 26 has carrier frequency compenent fc removed, as
illustrated by Figure 5. Removal of this fc component results

25 because the negative carrier of the upper bandedge ‘component

~ cancels the positive carrier of the conjugated AM signal from the

lower bahdedg_e. The AM signal at a suppressed _cartier center
frequency of 1/2 fst is maintained because both of the multiplied
AM signals are double sideband signals. In the frequency domain

30 these signals are represented at baseband as even functions (i.e.,
as real only components), and their convolution is represented at
baseband as even valued functions.

- The bandwidth ::f the AM output sxgnal from

multiplier 26 has 'b_e_en douied by the convolution process

35 (multiplication in time produces convolution in frequency). By
driving every other sample to zero, the frequency of the receiver
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present in. tqréwork 3?e§%§8%8 signal (Figure 3), and producing a double
si deband r esi dualThearimaginayl sompeinenheof dhei doublessidebandt AM t hat

bandedge. T [ f f is 30
ot o] calo"BaE FRRa Bom whRiplict pS (Mgute s) B an SUieRGly oEWAC | °

_ ae{ Tl el tcitherlnght..
f2 i's not crinagRipde of signal mis-timing The reale COMMANERE HBdiqates, theng
carri er lldockdirédtbore dfMthe miskigmnigs (AMt suppriesseylicvarsief esignalsahayeof f set s
conter of i AgnuiBlity, of ASTUBIreB WAL if) o BEKRDRCATITE hig Ay, e
filter 20 issignal isjperfgctly imed; dhe |imaginary Gomponens i jabsent. gkhe s
present (sucdovtei sideb8nd AM signMOffim 2fmidfiplier 26 is separated into its
PCT/ US95/ 031(:50511stituent real and imaginary components by meags of a unit 32
15 in phase detector 28 using known separation techniques. Using
known techniques, a translation unit 34 determines the sign of
real component (for direction information), and multiplies this
sign by the separated imaginary component samples. The output
of multiplier 36 represents an error signal which is driven to zero
20 by the action of the timing control loop when timing lock is
achieved. | | -
Since the carrier freqﬁency of the double sideband signal is
nominally situated at 1/2 fgr, at lock of the imaginary component
of the output signal from multiplier 36 will be zéro. Multiplying
25 the imaginary component with the sign of the real component
gives phase detector 28 the ability to differentiate between
positive and negative frequency offsets. '
The output signal from phase detector 28 is filtered by a low
pass loop filter 38 which contains both an integral path and a
30 proportional path, as known, and is clocked at a frequency of 1/2
fsr. Loop filter 38 is clocked to process évery other sample of the
input signal since the purpose of the loop is to drive every other
sample of the imaginary component to zero. The output of filter
38 is a DC voltage which is applied to a voltage controlled
35 oscillator (VCO) 40. Oscillator 40 provides the receiver sampling
clock CLK for ADC unit 16 as a function of the DC voltage. Timing



Grand Alliance HDTV system), it would appear at this frequency. The
frequen err] is one-fourth the synbol frequency Si gnal
i's trea%g%ééﬂé{ VSB signal. Simlarly, the center of th ﬁé&(}?QQ{BlS? al
obt ai ned fromthe out put of the | ower bandedge filter is : sltuat ed at-
-flerr] + 1/4 flerr] (the Nyquist frequency). Timng - synchroni zati on

I s achi eved when the frequency of the sanpling cl ock i nput (CLK) of
ADC unit 16 is four tinmes the frequency 10 di fference between the :
carriers of these two upper and | opngr suppressed carrier band edge AM
signals (Figure 3). The tining recovery system operates as

fol | ows. 0 f r C g unit 25 to
fli p t he -E%chromsm &%% é{%g%#lﬁl{ ceﬁrn= 2%@)%3%‘? hﬁ n‘g%%d g,t at ive to

posi tive. b thfrhassqrsbqq Itﬂg’c”rgatréec’wyﬁsé'ﬁtfeé“ 4mc Eg&FF%W l§ue| | - known
proces$ pefbhnrnnrd:SI theifréqiEncyy dﬁffesencee}bameemgheheammabf itHeo its

real and | ggﬁp S f ) rg}ﬂ.é Th i magi nary
conmponent |s |nver{1 b%gﬁgﬁst rﬂlt% a neirgF 3)."%h fini ty factor.
The i nver tRI@PPHiRRAl anyd cintegrab rﬁO"H-F& muen$9¢ﬁ~. Htero38; @88 conponent are
ret ﬁo[”ﬁ' nesdj usibgler g@qmbvmob ¥ Qe tl«fandactnqu gain éaﬂ@%n@aélarelgulltl pli gg
e o o o BBRLe AT B b Bl 6o taree HhkS! s Rabfld ) 7,

f requkfcy scgnq;ioaeqmsi‘t{mr ip themacquisitien mode, |antlumayatb@dre@ud‘edgune 5.

Removal  ofygl tlﬁ@bsdﬁd-ﬁ tl:eC'ﬁ‘SER tmbds Yot %n@r%asé’%b'éeixﬂﬁﬁn Qai‘hé/e carrier
of the upper an

e co ncel s the |t|ve er of the
conj ugat edBf "selqé‘ﬁz? te d’%ﬂ*ﬁ"@ timing, (596"3? “@&meaﬁe’p %‘SI‘HEH%/I oé BT': at a
suppr essecimounti ef neiseeand multﬁpaﬁudmwtndn Iprésémtt in stheasrgmilﬁeue because

both of t Omalltlogip' %Qpﬁ widtt\Mnd | 1B SnoF lgggbdt:ﬂxgsbgﬁgiﬂfkbsf nals. In the

f requency ( se dignals are repre as even -
funct} éns example. as real only conponents),. and their convolution is
Lep(fjefsgnthEd at " Tihes ehfrier @anebenresaverst fmcglﬁm different | brhg

andwi dt 0 S IR een doubl e
by the corll"\?/%')‘lhbgl ? fﬁ he g&g&s&% (ggw ?‘plql%:eatnl’%%olan ésrréoéf ‘Qa@éé)

convol ut i bandedg rsw)als Hyom the qutputsgof \dligrsoRRecand addblin a0 zero, the
frequency :ﬂinﬂdtetlizﬁcﬁd \s@ilar to that described above for timing -

20 recovery. The second method uses only one bandedge of the
received signal. In the second case, typlcally the bandedge which
is used is that which may contain the pilot. The extra energy
associated with the pilot component enhances the performance of
the carrier recovery loop in low signal-to-noise conditions. It is

25 noted, however, that both of these methods advantageously do not
require the presence of a pilot component :

The carrier recovery method usmg both band edges
‘multiplies the outputs of filters 20 and 22 together in a. multiplier
45 without conjugating the signal as was done for timing recovery.

30 This multiplication produces a suppressed carrier AM signal at the
output of multiplier 45 with a carrier frequency of -2fc. The
symbol rate component fst has been completely removed from
‘his AM signal. If a carrier offset (A) exists, the carrier frequency
s at -2fc-2A as dep:cted in Flgure 6.. Up to this point, the carrier

35 ecovery process is independent of the receiver demodulator
ampling clock frequency, fs;.
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9 - sanpling clock CLK can be synchronized to the synbol frequency

of the input VSB signal independent of any carrier offset ([err]). This 5
I s -acconpl i shed by a phase detector 28 in a timng recovery net wor k
30 as follows. The i magi nary conponent of the double

si deband AM out put signal frommultiplier 26 (Figure 5) is an

i ndi cation of the magni-t-.ude ofl si gnal mi s-tim ng. The real conponent
indicates the 10 direction. of the ms-timng (AM “suppressed carrier

si gnal s have anlrardigisal tsjgnal pewressipge epplinations,sitt s (geneeally ved) . | f

this AM  desipatilato idesps fsttdge bbﬁﬁﬁlleathéimmr@agvcmvp&ngﬁéc&aﬁ absent .
The 5 doﬂ_g e sgijﬁet\ban éAl\ll shg,nal from mmul ti pli ey GI%EIParigtﬁd into
its cSMSHETE u Foenyeneqtly producs, yignals, &riich g JCad¥nit 32 1
5 in phaserelatedc torth2sclockndrdqguency sefpahetdigital esipmalopescessst.nfn :
known { echnisgiyebafy # A haldd it tle VonieR’ AbH6R. LRRAARGNAM sigpal "o
conponent (for_ direction in QHLB.'[IOI’S .amd mulfirplies this st gn by
the separ at 8t than@uiput of; saplsiplier 4% (liigure Pheisocentored at a frequency pl i er
Sﬁ rﬂ)resenbs aﬂco lé(héggecﬁiinsgnahyv\dfdrﬁér:' 6ff§’ét?,v©ﬁ 410 -28-2AGncludiafe thet | L gl(‘: .
(D 109 SRBhAC TANCRRE it THRS A gy i, MY e sipyon,
situated at faldover gegion.aMargcapesifiealdyi iagprastigec shpolehisidebandof t he
oup 5 habmiaomil e gl s 2 e Sdalyinadt 10
et act or 26 OIS, She PEsRVE, GRAPSHEY HARGEER. Ali4ying; 909 B8td hgat i ve
frequency ob€ewt because this AM signal is a complex signal in which the
15 adjacent positive frequency component of the first negative
repeat band has been removed. o
| To simplify the design of the carrier recovery network,
an associated phase detector 54 is essentially the same as phase
detector 28 used in timing recovery network 30. In order to do
20 achieve this, the carrier of the AM input signal to phase detector -
54 must be driven to 1/4 f5,. The carrier of the AM signal input to
phase detector 54 is nominally shifted to a frequency of 1/4 fs;
by using a complex spectral shifter operating at +1/4 fg;. The
spectral shifter comprises complex multipliers 52 and 64.
25 Multiplier 64 responds to a 1/4 fs; sampling signal for shifting the
output signal of VCO 62 by +1/4 f5;. The response of VCO 62 is
similar to VCO 40 in the timing control loop, and responds to a DC
voltage produced by a low pass loop filter 60 which is similar to
filter 38 in the timing recovery loop. A resulting complex output
30 signal from multiplier 64, which contains the frequency offset
generated by the loop plus the fixed 1/4 fg, is applied to an input
of complex multiplier 52. The other input of multiplier 52 receives
the AM signal centered at -2f; from the output of complex |
multiplier 45. '
35




The output signal from phase detector 28 is filtered by a | ow pass

| oop filter 38 V\/m ch contains both an integral path and ﬁcf 598 lcg;gortlonal
path, asW@i5#M% and is clocked at a frequency of 1/2 /Perr Loop
filter 38 is clocked to process every other sanple of the , |nput si gnal
since the purpose of the loop is to drive every other sanpl e of the

i magi nary conponent to zero. The output of filter 38 is a DC voltage
which is applied to a voltage controlled 35 oscillator (VCO 40.

Gscillator 40 provides the receivdr2 sanpling clock CLK for ADC unit 16
as a function of the DC vol tage. Ti mng " WD 95/26101

PCT/ US95/ 03155 Phase detector 54 operates the same as Ighase detecggmichronism

i s achiev r t he descri bed
tim ng re?g mf}ﬂsygﬁéﬁ?% ng’*qgﬁét %‘@&9 gé/tbg&)q 34 mctlt?%’es s the frequency
di f f er®nceecalémaginaryccempenents SGPatﬂi@f 35, t%nAfml!ﬂ}!CmJt signals from
filters 2@Qraaithtich (ddt@orR 86, ahde an out% @mrtiplmamarmas&t egral control

Cont ol s dardsnet 54 “Sosfales, by, mADYRRL ufe SEmdRBy ctottpopind 0, 7 20"

to facili the eowtput sigmeadl froogunpltiplisr 53 with dbewsignt obrtheoreal and may be
reduced | Eo n@me%l 4% LHa'uBS%ttHS Hlﬂ@kbf‘gﬁﬁ?geofh@r'%ﬁgﬁs%fnﬂt'ese | muni ty.
1o ac 0oC

The uire ve, tim ari es unction of the
amourt Oof IMAERATINEORMPORERLIA BF SBVER g0 FFERcSANGS, IHRSe SHGMRRIOT ¢ he
control | &dp like cpliade hdeteorbrt D8, opetates dmahet same cssisdofinampléor 1 5
PEERRE  (tn 084 g gron, R BOE0ORRE, CPBUEL a1 o eron
required to supply output samples at the symbol rate rather than -

at twice the symbol rate. This significantly reduces the complexity
15 of the lobp filters compared to what would be required for 2

sample per symbol implementations. '

The output of multiplier 45, at the tnput to carrier
recovery network 50, is a complex double sideband suppressed
_carrier AM signal centered at a frequency -2fc-2A. The output of

20 VCO 62 in the carrter loop. is a signal approximately equal to 2A.
' To produce this s1gnal at the output of VCO 62, a signal 1/4 fg is
added to the carrier loop via mulnplter 64 to cancel the 2f;
‘component. The complex sxgnal 2A at the output of VCO 62 is
translated to an output signal A of carrier recovery network 50 by
25 means of a divide-by-2 frequency dtv1der 70. Output signal A 1s a
tone (without a frequency spectrum) representmg the carrier
phase/frequency offset.
The VSB output s1gnal from ADC unit 16 is apphed to
an input of multiplier ‘74 after being delayed by a unit 72, which
30 compensates for the signal delay through filters 20 and 22. The
output of delay unit 72 is a complex near baseband symmetrical
iouble sideband VSB signal as depicted by the frequency
ipectrum diagram adjacent to block 72. This signal is shifted to
sloser to baseband by multiplier 74, which is clocked at 1/8 fsr to
35 'lroduce a near baseband upper VSB sideband at its output, as
lepicted by the frequency spectra diagram at the output of



2
‘bandedge &leg?}z%?l s fromthe outputs of filters 20 and 22piflusosinziss Manner
that is sim o that described above for timng 20 recovery. The second

met hod uses only one bandedge of the received signal. In the second

ctase, typically the bandedge which is used is that which nmay contain
~the pilot. The extra energy associated wth the pil ot conponent

enhances the perfornmance of . the carrier recovery loop in | ow

signal -to-noi se conditions,. kt.is 263 noted, howexer, that both of these

met hods advant ageously do not require the presence of a pilot

cgrrponent. multiplier 74. 'lr“lhe ne‘ihebzsebahda_r\l/’saccsi/%ml frenhatle usutpat bof h band
edges | S e ehin a -

mul tiplier 'mﬁtml% znat #ogpgggﬁﬁ?ggﬁ%n@pt“heéé|agggﬁ{bg%’?m%3§3&§?1% ? 6? timng
recovery. 3md thpi output: (gfifsetarepnesentativey ssigngliph fremethe outpat ofM  si gnal

at the catHeP Utecobe Iﬂembﬂersﬁuiiswagblied CRY 'an®khdr’ @ﬁﬁsmn@r of -2[err].
The synbfl lE atg C ogent' .féer{] fs lbetecorrpI et eb% renoved from
this AM si gREMIPHST {1c,Fhe Jungtipn of (mujipliery il 15 to, pbstant f requency
s at - 2f [ ercanece] ¢he |offset dbincthed VISB Signalesd thatUp baseband ¥8Bnsignahe
carrier 3 HegufOVvery process is independent of the receiver denpdul ator

anmpl i ng cl ock fréquency, flerr]. _ 95/.26101 )
prcr;?-/ Usgg, 03155 A Aycoml[)lex ]demodulat_ed \\/RB signal; appearing at the In.

gi gi tal 'S: tgnﬁbuproftcmfl'tipueﬁpm_ ishouldrtse \7ittbaﬁb@ﬂdemd |<)f|ten is. desirabl e thot
conveni ent ng%re% o JrafuiPE iy 8hd1. e Ronihin: POR0GA phise QieehC' T "
cl ock frequbatymay have &0 ghe sompensatedpfoneTbiy is |accomplishedi byramard it is
noted that 1128 £ X whieh [Ray | SN KbWwhUB8hfiguration2t EqRAliLst Pyt of
mul ti pi 5e" c%m;gé:rll tes o} channe tgxrs%grb%thcgs far.se %nown and produces an
equalized output signal that is decoded by unit 76 and processed
by an output processor 78. Decoder 76 may include, for example,
trellis decoder, de-interleaver, Reed-Solomon error correction, and
audio/video decoder networks as known. Output processor 78
20 may include audio and video processors and audio and video
reproduction devices. _
' Carrier recovery can also be accomplished using a
single band edge of the input signal, as follows. Lower band edge
filter 22 produces a double sideband AM output signal with a
25 carrier frequency of -fo + 1/4 f5;. This is accomplished by setting
the input to multiplier 45 from filter 20 to a value of unity. This
may be done by placing a multiplexer in the signal path between
the output of filter 20 and the upper input of multiplier 45. One
input of the multiplexer receives the outpht signal from filter 20,
30 and another input receives a unity value signal. The latter signal
is conveyed to the input of multiplier 45 in response to a control
signal applied to a control input of the multiplexer. The output
signal from upper band edge filter 20 is decoupled from
multiplier 45 when the unity value signal is employed. In a
35 system using two band filters, timing and carrier lock may occur
at about the same time. In a system using only one band edge



of -2f[err] (neglecting any carrier offset), or at -2fc-2[err] (including
the 10 “%gﬁz%g . This means that this AM signal is Strig?},dggsgmﬁ%g oft

al i asi ng 1ol dover region. Mre specifically, in pr

si deband portion of the AMsignal shown in Figure 6 actually "w aps
around” into the positive frequency spectrum Aliasing does not . - occur
because this AMsignal is a conplex signal in which the 15 adjacent
positive frequency conponent of thf first negative repeat band has
been renoved. |nplify the design of the carrier
recovery network, an associ ated phase detector 54 is essentially the

same as philier, carrierglockcmay DECuE &ftarn timingnlpoke cdspengdingtomrak 30. In
grflertto CarZéty SZﬁcfeJ:?tgr §d&m5astrtbis§aﬂdz¢}?r gaih_ ix’méh 6bp barIki cﬁhg?ﬁl tAtl\)/I phase
et ect Qr carrie e

signal “input to i Bﬁ'ﬁgg g’é’?‘ g &éﬁ' %Eﬁ’&iﬂ‘ﬁgl 6¥ BT, gdg o a frequency
of 1/4 f[ethep fs = 1/byfspsandythe dgnpompogpettofaltha;maﬁner aameibet i ng at +1/ 4

flerr]. Memoved b‘ilp%ifﬁﬂg et AN oRpiR tbgﬁlmh?ef 23! il LY 2 and 64.

Mul tipl ng the
out put o1 il SRSFEOLSIaBSE Thiy #beptial SHIEHHE 16 cirbompl Eﬁile@(:@ eéxa'nge' ]
simlar tol 30 chaniging rthetﬂmsm;tcd)nl/Aofsrl ohmk dmphitr asmnbﬁpllisr 64DC

voI t age prl%dyc‘i% ti?/ ﬁléc?é’v Rfrer 4 §P skéétkﬁr sh ;“ Wghctﬂe' A ghg{ put 3 0

ilter 38 Tn the recovery
s. gnal frcﬁﬂmﬁmqt. ;hq éxutmn Oﬁm@mm éﬂnylllhbefatequ&ﬁayemys-& (in

gener at ed duhttdse ioooefoolmsmeheaée ofdthl dolibky bandi édg@Prhé@ddt 0 an i nput

of conpl ex 22 The other input of nultiplier 52 receives
the AM si g&%‘e"‘#{ eprg 13?51)' [err] fromthe output of conplex

nul tiplier 45. 35 In this embodbnestidhe AM signal carrier frequency f
- PCT/ UpS5/ Qcahode easily driven to -1/4 fgr by using a phase detector similar
to unit 54 used for the double ban_d edge carrier recovery
example and forcing every other sample of the real component to
zero. The output of the phase detector is integrated by a low pass
loop filter which drives a VCO in a loop which acts to drive the AM
20 signal carrier frequency to -1/4 fsr in a manner analogous to that
described above in connection with the double band edge carrier
recovery example. '
In the described embodxments timing recovery (lock)
may be achieved even in the presence of a carrier offset, and
25 timing lock does not rely on sync _components in the VSB signal for
this purpose. Moreover, carrier recovery is accomplished without
reliance on a pilot component. The choice of operating phase
detectors 28 and 54 at the mldpomt of the Nqust region is one
possible implementation. However, the phase detectors could also
30 be operated at baseband with the same results. The use of the
' negative frequency spectrum is arbitrary. The positive spectrum'
could also have been used with analogous results, by using a
different implementation of the described circuits. For example,
conjugate filters 20 and 22 would be used and the input to
35 multiplier 64 would be -1/4 f,. '




12 Phase detector 54 operates the sane g%ﬁﬁlgget ect or
28-in thewﬂ_%ﬂzﬂf?lrecovery | oop. Phase detector 54 incl udes a

real /imagi nary conponent separator 55, a sign function . - transl ation
network 56, and an output nultiplier 57. Phase . .. detector 54 operates
by multiplying the inmagi nary conponent of t he“ou

multiplier 52 wth the sign of the real conponent. This causes,the
val ue of every other sanple of the {§ i magi nary. c ﬁ]‘mmun ﬂLven to
zero. Since phase detector 54, like phase det S on
the same set of sanples (i.e. COSpMS even, but*not ot Ry, "1 oop
filter 60 (like filter 38) is required to supply out put sanpl es at
the synbol rate rather than at twice the synbol rate. This

signifigantly reduced.t hin @osystem for teceiving ahhighodefihitioers conpared to

what woul d jy eJl dégﬁ)ﬁ%ﬁgn?l tﬁaxﬁmeﬁ RS’ %Bﬁﬁiatwplré‘ﬁféhﬁt ' ONS.

The out put o covery network
50, is a coHf B) sﬁlaﬁﬁ‘arfﬂf@éﬁﬁﬁie%%eﬁj one-dimengipnal data i gnal

cent er ed atc&xsﬁél@&ﬁ&i‘%’f 'sglhitﬁﬂﬁlre%iresddtlngﬂmgﬁul Fimagﬁ dia M@ 62 i ”dt he
produce

I t el |
Chi s of gnal SujeeinsS SRR cataer dfefst %, Cafrigt fegpyery metwdfk PLOG00°
t he call er(S0)oforvfrequehcy pshlfmngzlsam regniveld (WSB 2sigeal toward conponent . :
The conpl exba%bzaaa ?shfd darffer { R oveF \;‘)Uﬁetﬁ\forl(CQe 'capable of ransiated to an

out t s n err carrlier recqQ L wor ! means of a
S P . by ik wsnemrv.ra'e?vera | Tigiite oo Piled GompoRSEENe

(wi thout a iffr prpsent yins paid lrau)lveépngneht said thrrierarecevery network
phase/ f r equgdia fﬁgﬁ et. The VSB out put signal from ADC

unit 16 is appfried o an i npu nultiplier 74 after. _being del ayed.
by a uhit 72, which 3@ lﬂwnﬂé%%%e gdﬁ)tfﬂ!’ §F@¢i¢é§“’cﬂelsaﬁﬂ t¥®Bugh filters
20 and 22. s'igﬁal out put of delay unit 72 is a conplex near baseband

DL g oSSR OB LS g
cl oser to HzembsAHl lipputindtpiorkramd haminghajband @dged response withr] to 35
produce a nespediafiddMastPBAE HSRpper AN towér IHaRdOLAFEY of 3§
20 frequency spectrum of said VSB signal for producing a double
sideband amplitude modulated (AM) signal at an output of said
filter network;
a phase detector network (54) for processing said
double sideband AM output signal to produce a control signal (A)
25 representing a carrier offset when present; and -
an output processor (71,74,75) responsive to said
control signal for producing a demodulated output signal at or
near baseband

30 2. A system according to claim 1, wherein
said filter network comprises a first band edge filter
'(20) and a second band edge filter (22) having band edge
responses respectively associated with upper and lower band
edges of a frequency spectrum of said VSB signal for producing
35 double sideband amplitude modulated (AM) signals at respective
outputs of said first and second filters.



depi cted by the frequency spectra diagramat-the output of

95/ 26101

13 wo?&ﬁst‘?‘pl ier 74. T “‘“ mﬂﬁmﬁﬂ VSB si gnal fré}‘lﬁ?%e ou put of
ative

multiplier 74 is applied to onplex multiplier 71, 5 and
t he out put (offset represen )t si%gndl [err] fromthe output of

carrier recovery network 50 is applied to another input of - multiplier
71. The function of multiplier 71 i% to substantially cancel the
offset [err] in the VSB signal so tRat a baseband VSB si gnal results.
10 A corrpl ex denodul ated VSB signal appearing at the

output of multiplier3-71Ashyuem Becording deneldimahd viearein | s. However ,
in pract I ce this sigaid mwr anmrla iseai digﬁtalpfih%e aétneorks that may

have t a equal i zer 75,
whi ch %oéﬂgﬁgﬁiﬁr\% nf | hﬁgt ﬁ%?ﬁcégﬁ ?@sg)qm%s a'%gt czgﬁpensat es for
channel dmmpl@mugrsastw faﬁ@emdﬂééﬂﬂﬂh of said éqggmedea/ SBit put si gnal

that is degoasd abybati ted saMdpfiQW%ﬁadsecond f'il!er@nr Etﬁ/egf ocessor 78.
Decoder 76 ﬁaé i nclude, .for exanpl e, trellis dec e-interl eaver,
Y

Reed- Sol orfdHeEr r or correction, and audi o/ vi deo decoder networks as
known. Qutput processor 78 20 may i nclude audio and video processors and

audi o d video 4. T8RP S Carrier
recovég can al so be a §o§ Uﬁ%%%; f‘ﬁ/ 6 claim 1, whﬁre nband edge of the
input signal, as fol celykd $ig o exhibits fai Ifeél“eEEYproduces a doubl e
si deband Wecumnutwi;uhgrbahd\/\fe e arssponsexiati er fiequeneiesy fo- HA[fggr] + 1/4

flerr], %%253 2992 'Jgg@% 195Vl %espect th"8 WBBarkd Wb P11 €7 45

fromfilter
frequency fc +/- A; and

15 said first filter exhibits a '_band edge response at a
Nyquist frequency f; - 1/4 fg and said second filter exhibits a
band edge response at a Nyquist frequency fc + 1/4 fst, where

fc is the carrier frequency of said transmitted VSB
signal; : :

20 , fst is the transmitted symbol frequency; and

' A is said carrier offset when present.

5. A system according to claim 2 and further mcludmg
a multiplier (45) having first and second inputs for
25 receiving output signals from said first and second filters,
respectively, and an output coupled to an input Of said phase
detector network; wherein
an output s1gna1 of said multlpher is a suppressed
carrier double sideband AM signal (Fig. 6) centered around a
30 frequency 2fc where fcis the carrier frequency of said
transmitted VSB signal, said centered frequency subject to
exhibiting a carrier offset (A).



fray be done by placing a nultiplexer in the signal path between t he
out-put of wo é§®i0120 and the upper input of nultiplier 45. PCR@S95/03155 | nput
of the nultiplexer receives the output signal fromfilter 20, 30 and

anot her input receives a unity val ue si gnal . The fatter—signat :
conveyed to the input of nultiplier 45 in respons 5| gnal
applied to a control input of the multipléxer. g”‘mlﬁ []]i, ’lium from
upper band edge filter 20 is decoupjed from t he
unity value signal is enployed. In a 3 5 systemusing two band filters,

timng and carrier |ogk p%y&%ﬁf’ c%dégggtélg@%“t lt bﬁh&%ﬂ? time. In a system

using only one band e
PCT/ US95/ 03155 saxd mput signal to said phase detector|metwork isfa|ter,

carrler50650ﬁwe:905<igﬁalamh9{ngt Irehngaddoqlﬁagﬁi%}@néb oMends; ar: variety of

factors such aS noise ali | f
timng | ock has been %—:""éflaBﬁ?&m‘&%‘?%ePﬁﬁ??%dncpu&s Wm flerr] = 1/4
flerr], and(3586537r for canpellingt sefd timagimanyi éomponenpt in an ougputved by
shifting thg gﬁm po tsa$d seofdef] dctdenetworkt h a -1/8 flerr]

.spectral shi s spect Ifting is acconplished in Figure 1
by changing the |IIustrated 1/4 flerr] clock input to multiplier 64 10 to
a -1/81f@err] clock. 7Aftér sysem upeotding whictdinnd, wherefM said

carrier at b@eﬁ%{)u&&&){ﬁ%“ plier 52 will be at a frequency -f err] (in

contrast to err] - rn € case of the double band edge net hod
di scussed previously)a first translating network ({4} respeasivento tae AM si gnal

carrier fregugyutysighal rﬂroaa‘i safdirinpat aftivork dfor rodecing/ 4 tiaakldtedy using a

phase detec r 4 used for the doubl e band edge
carrier rec rjaas aa}' Ié‘%gﬁid) %’6 cing every other sanple of the real
compondl to a second translating network 8/7 1) responsive to said

near baseband VSB signal from said first translating network and
responsive to said control signal from said carrier recovery
network for producing a signal at or near baseband.

20 8. A system according to claim 7 and further including
an equalizer (75) for removing residual offsets from
an output signal from said second translating network to produce
a baseband VSB signal. '

25 9. A system according to claim 7 wherein
said first and second translating networks are signal
multipliers; and
said first translating network receives an mput VSB
signal in double sideband form, and responds to a clock signal at a
30 frequency related to fs;, where fs; is a receiver sampling
frequency for producing an output smgle sideband near baseband
VSB signal.



zero. The output of the phase detector is integrated by a | ow pass
loop filter which. drlvesavwlnalcropwhlch acts to M 20
Rty

si gnal cYWorHes! frequ in a manner ana hat
descri bed above |ntc ﬂm "IH; I' m doubl e band edge carrier

recovery exanp t he descri bed enbodi nents, timng

recovery (Iock) may be achleved even in the presence of a carrier
offset, and 25 timng | ock does not rely on sync conponents in the VSB
signal for t hi.s purpose. Morepger, carrier recovery is acconplished
wi t hout reliance on a pilot conponent. The choice of operating phase

detectors 28 and 54 1@t t,@es &Roaddording k6 é‘ﬂuﬁﬁl Bt mign is one
possi bl e inpl enentati 9 t he i‘rase det ors d aI so 30 be
operated at baseband?® ‘dﬂ'quzpetly]gyp\éﬁg ;1&1 T a“Tﬁ Gg a? & 3 negati ve
f requehcy ameedimensional addtat cangtellitlenpdefmedreb}spdtet rfaﬂowmg aghtd al so

have been angl ogpusarespl t y &Isifng a di fferent
| 8 dyiirofl: a0g! ogpusarestl (g, By gisim feren

i npl enent e described circuits. For exanple, conj ugat e
filters 20 and 22 woul d be used and the input to 35 nultiplier 64 would be
-1/4 flerr]. WD 95/ 26101
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CLAIMS 5 . 1. In a systemfor receiving a high definition
television (HDTV) signal transmitted as a nodul ated vesti gi al _ si deband
(VSB) signal formatted as a one-di nensional data constel l ati on of
synbol s representing digital inmge data and subject to exhibiting a

carrier offset, a carrier recovery network 1 0 (50) for frequency shifting
said received VSB signal toward _ '



‘baseband, said carrier recovery network being capable of achi evi ng
carrier r20%5ef1without reliance on a pilot conponent  PCT/P$95[83188ent in

said received signal, said carrier recovery network conprising: 15
an’input network (14,16) for processing said VSB si gnal ;
a filter network (20,22) responsive to an out put signal fromsaid
I nput network and having a band edge re pfcﬂse With respect to at | east
one of upper and | ower band edges of a 20 frequency spectrum of said VSB
signal for producing a double si deband anplitude nodul ated (AM signal
at an output of said . filter network; a phase detector
network (54) for processing said saglbu'b'l'e" Dang. AMout put signal to
produce a control signal ([err]) 25 F-Y: : &rrl'er of f set when
present; and an o " (71'-‘-’?4, l5) responsive to
sai d control signal on% prodL@sE : @d Q 7uté|gnal at or
near baseband. 30 SES Bkt em accqrdi ghtojickal m 1, wherein -
said filter network co § aaflrst‘bnd edg | v 1 (20) and a
second band edge filter (5% havi ng banl{ edgs~ & S 1se§’respect|vely
associated w th upper _and_lower band il edges aéreque ncy spectrum of
said VSB signal for .produm 5 doublje si deb%d anpl i tiude nodul ated (AV
signal s at respectlve H_’[@ltsgf isHi d fiMfSr—7nd s‘%cqnc filters.
WD 95/ 26101 ; Sz — 5 ! F|&Bk— t | PCT/ US95/ 03155
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16 3. A systemaccording to claim1l, wher 5} 3155

sai'd flltgg)%%ﬁa%rk is adigital filter network 5 conprising flrst and
second filters with responses that are conpl ementary to the frequency
spectrum of said recei ved VSB signal at band edges said first and
second filters respectively filter. 10 4. A system
according to claim 1, wherein sai d recei ved VSB signal
exhibits a frequency spectrum w tpband edge responses at a
frequencies flerr] - 1/4 f[err] flerr] + 1/4 f[err] respectively,
with respect to a.md-band carrier frequency flerr] +/- [err]; and 1
5 said first filter exhibits a band edge response at a

Nyqui st frequency f[err] - 1/4 f[err] and said second filter exhibits a
band edge response at a Nyqui st frequenc flerr] + 1/4 flerr], where

flerr] is the FUdERi28r frquﬂﬁy qf s 2£Ens tted VSB signal; 20

flerr] is theRESPONSE tt U'I"'fre [err] is
said carrier off phen prese 5. A syst%cc?rdi ng
to claim?2 and a multiplie ®)&=havi ng
first and see o+ g em—pai d first
and second fi I ters f ,, lout put coupl ed to a'f'f i nput
of said phase oY K wherein an out put
si gnal of said nul trf@-ﬂﬂefls'rl § a-fptibbigmssed i carrier double sideband AM
signal (Fig. 6) centered ar . 2f[err] where f[err] is the
carrier frequency of saitd | I tnansni t Bed VSB signal, said centered
frequency subject to 11 qxhibltln a carrie offset ([err]).

QR L oo FIG 3

11 SR L
< N N

1 T ] T

fo-1/Mgr-A  -pHlfdigT-A

FIG. 4

5% 1 _ 1 >
- A 1igT-A o feiMigT-A

HG.5

h ' — " 4
-121g7
FIG. 6
I 2 " N > A
2e-2A 2y !

SUBSTITUTE SHEET (RULE 26)



' WO 95/ 26101 PCT/ (/S

L) 29 -9
L 17 6. A systemaccording to claim i, ”ﬁ“u. qbu 3
. sai d input BGFEI to sai & m%& iNa 5 N

P ex signal

ggwgﬁﬁk@& ABSLEaioN QHﬁmﬁﬁbsuNﬁlﬁngg RATENT COOPERATIGRHERNSSFeTy
i éEd) Intarnptionad Ratent Elassifipat /a‘ﬁ out put (ll)sntqmbnafmnmmwdmphase € 95126101 /

net WOHO4N 5485, 5/44, 7/015 gyt em according to claiml1, wherein said |
oyt put processor corrprlses (43) International Publication Dptey 38, Sepipapes {497, 78.09.95)

network (/4) responsive to- Bé)!m signal from sald |n ut net wor k

21 PR 1US9 5 US, European
f ¢ 21} ntornationt dppliction Numbax: ¢ d /P’Cf F{%-‘é)/ e w: sn I, el
2| PACANMdded BEhBARO_ {wa}sh (585-03.6:951PNS | ViRIC L. B8 'near baseban
silgnal fromsaid first Translating nefjwor k and responsi ve to said.
(of( ntrol signal fromsaid carrier recoder network for producing a

si| §PHgrio fa: n according to claijm
7 and % Xﬁil/&‘zﬁ"‘gq&gm;& GB/ ~ anW'ggﬁ%@fi%é;&% "Cor renovi ng
res%lgqtrjall of fsets frgm out put s/gnal fromsaid translating
n ¢ {ANoneli {gpate S'ates signal. 25 9. A systgm
agcordi %E W‘??%Mm' - said first and second |
transl(ftlng ks are S|gnal mul tipliers; and saild
fi mllntenm,salnatl n networ k _receives an |i nput ? si;gnal in double

si| grs!}ma %ng arﬁa%lmlde%"‘ﬁr’ggk signal tat a:30 - frequency related
to 1; srasy &6 Rgaarpl I ng frequency for pgoduci ng an
OHlt put Fﬁelenagjmosndelsan near baseband ,

(74) Agents: TRIPOLI, Joseph, S. et al; GE & RCA Licensing
Management Operation, Inc., CN 5312, Princeton, NJ 08540
(US).

(54) Title:}}iékl’ER RECOVERY SYSTEM FOR A VESTIGIAL SIDEBAND SIGNAL /

i
-

" PG OETEOTR

()-SR o [T503 e[ WFTROER 2

(57) Abstract

A television signal receiver for processing an HDTV signal transmitted in a vestigial sideband (VSB) format includes input complex
filters shared by a timing recovery network (30) and a carrier recovery network (50). The filter network includes a pair of upper and lower
band edge filters (20, 22) mirror imaged around the upper and lower band edges of the VSB signal for producing suppressed subcarrier
AM output signals. The timing recovery network includes a phase detector (28, 38, 62) and responds to an AM signal derived from the
two filters (via 26) for synchronizing a system clock (CLK). The carrier recovery network (50) also includes a phase detector (54, 60, 62,
64), and responds to outputs from one or both of the filters for producing an output error signal (A) representing a phase/frequency offset
of the VSB signal, The error signal is used to reduce or eliminate the offset to produce a recovered baseband or near baseband signal. A
subsequent equalizer eliminates any residual phase offsets in the recovered signal.




VSB si

gnal .
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system according to claim1, wherein
is an 8-VSB si gnal

the follow ng eight

WD 95/ 26101
10. A

said received VSB signal

one di nensi onal
-5 -3

havi ng a

data synbols: -7 -1 1-3 5 7

data constell ation defined by -
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