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1 . DEPENDENT TI M NG RECOVERY SYSTEM FOR A pcCT/US95/03131
“YWESTI G AL D MODULATED SI GNAL Field of the
I nvention 5 - This invention concerns a digital signal processing
system In particular, the invention concerns a timng recovery system
for use in a receiver of a vestigial side band (VSB) signal such as nmay

be nmodul ated with high definition television (HDTV) i nformation, 10 for
exanpl e. CARRIER INDEP COVERYeS'YSTEM FOR A The

recovery of data from gﬁww r ' ' e Modul at ed)
signal at a receiver r 17T ' ;megi e functions:

timng recovery for synbol synchroni zation, carrier - recovery (frequency
denodul ati on) and - equalizati Tidm.ng i<elo) ,is the process by which
the receiver clock (ti ITEbaSFS:iElIdS dsf;nrtlggr%m z\é o the transmitter clock.

“This 20 peinjts the received signal to be sanpled at the optimumpoint in
tinme to reduce thept Ar&hé&rn’Y 2€ i St el ' :

deci si on- di r gct ed‘f}}?g“?@8@?&‘8%?5#‘_%?&%éd:égﬁ%%??%‘ug?“é;?@% fystem.
recovery is Im@qﬁ’s@&g Hie IAVERLiON: COBFYRILS Ar timipg, Tecovery systam for

$ requency s hhﬁ Qg i O:egeimebg iaPEveEﬁEiill agidef ba@@paﬁgbﬂndmh Salszti_lay
requency s ed se perm.t. recovery. o . modu i ng
baseband i nf ?nﬂ’ﬂdmate oD zg’(g%orﬁrfgug‘oﬂr 3(8)15§'§¥'\?Hi é#ﬁrv)cbﬂ%é 185 or

the effect® fur texamsplessi on channel disturbances .

Backgroun'd of the Invention

The recoirer_y of data from a VSB or a QAM (Quadrature

15 Amplitude Modulated) signal at a receiver requires the
implemen_tation of three functions: timing recovery for symbol
synchronization, carrier recovery (frequency demodulation) and
equalization. Timing recovery is the process by which the receiver
clock (timebase) is synch;ohize‘d to the transmitter clock. This

20 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
recovery is the process by which a received RF signal, after being
frequency shifted to a lower intermediate frequency passband, is

25 frequency shifted to baseband to permit recovery of the
modulating baseband information. Equalization is a process which
compensates for the effe_cts of transmission channel disturbances
upon the received signal. More specifically, equalization removes
intersymbol interference (ISI) caused bv transmission channel

3 0 disturbances. ISI causes the value of a given syinbol 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 signal,

35 i.e., a baseband signal with a carrier offset that is corrected by the



upon thﬁbrFCEIVEd signal . Mre specifically, equalization renobves

I nt er synbo erference (1Sl) caused by transm ssion chagRghs

“di sturbﬁr?c%gﬁ&r‘ causes the val ue of aygl ven synbol to be o3 |storted by #
t he val ues of pr ecedl ng and fol |l owi ng synbol s. For QAM si gnal s,
timng recovery is usually the first function i mpl enented in a

receiver. The timng is recovered fromeither the i nternedi ate passband
signal or froma near-baseband si gnal 35i.e., a baseband signal with a
carrier offset that is corrected

PCT/ US95/ (FRIHET - recovery network. Inyel er case, V\Pmmg2 an @gr PFQrbl}sé‘&Svery
net wor K. ph@tthﬁrba?mﬂndt Idequntaudm est'abl i shed pr| or to baseband
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o asented By QAM gL daging ol Sutbridtin, ¥ HARSEARA S,
Real artsy | aregyv oralinemsionall dataoreymbol @Mlaugnaﬂefmedeblyeslhaled by a
one- i mans) N mdAthan HRA. 1700BhEALE! hOVSWedighll 48! Yert8SeEiS by aCont ains

quant i zed ae recovered rec I ver I mng recovery fOI’ a
baseband \B@-dimeasianal datacyymbel censtgll p@pnodmerem s9Rbhrens 224§ (sync)

| 2’223' S| CleitaRRN 2‘{;{?2' Saiaectbnbﬂuﬁeéévégeduﬁ?@h tnectexhxteet r?itiﬁfjn%t broadzast
signifi carﬁecﬂ?’ﬁ%ef@E gf mblaﬂfls% hfﬁygéfgi: fq?a h%v%’sé‘nslb?esﬂﬂa ff:ri
%(r;rb(élr snr 0 ggman (pawd)osymbayiscor wmﬂpbhentsat This anshnupjeogschannel
di gi taIal ? % s?ao QJ¥8&@t B&@%gﬁgﬁ@qeﬁm%@é ﬁﬁ et |g§§ dat gi\s/ts rBZaam
- This HDTV my:enﬁgn psoposedofosethe United States. s1gmf1cant drawback of
' this technique is that the use of such sync symbols reduces the (
payload capacity of the data transmission channel.
The Grand Alliance HDTV system employs a vestigial
1 5 sideband (VSB) digital transmission format for transmitting a
packetized datastream. This HDTV system ‘is a proposed
transmission standard that is under consideration in the United
States by the Federal Communications Commission through its
Advisory Committee of Advanced Television Service (ACATS). In
2 ) this system, data is arranged as a sequence of data fields. Each
field includes 313 segments: a field sync segment (whlch does not
contain payload data) followed by 312 data segments. A sync
component is associated with each data segment. A description of
the Grand Alliance HDTV system as submitted to. the ACATS
2 5 Technical Subgroup on February 22, 1994 (draft document) is
found in the 1994 Proceedings of the Nationmal Association of
Broadcasters, 48th Annual Broadcast Engineering Conference
Proceedings, March 20-24, 1994,

3) o Summary of the lnvent‘ion

A dlsclosed timing recovery system, smtable for use with
VSB signals, advantageously achieves timing recovery wnhout
reliance upon sync components. Thls is accomphshed using band
35 edge timing recovery with respect to a received VSB signal to
develop double sideband amplitude modulated signals from which



{ransm' ssion standard that is under consideration in the United St at es
by the Fedwned260nnmuni cati ons Conmi ssion through its AdvPEDUBOSEDNIN t t ee
f Advanced Tel evision Service (ACATS). In 20 this system data is
arranged as a sequence of data fields. .Each field includes 313 segnents:
a field sync segment (which does not contain payl oad data) followed by
312 data segnents. A sync conponent is associated with each data
segnent. A description of -::the Grand3Alliance HDTV system as subnmitted to

the ACATS 2%im hﬂfaﬁha HgiéJUékt%th&erﬁra)h %ﬁusﬁ%%(&h%yﬁ%ﬁv”%m s
found in th 3 rOﬁ‘E Bg tsthle Nat 1 ona SOCI a |on
sedganhiter m@% %.W&F.ﬁés edgesoeEedi ngs,

Br oadcaster
Mar ch 20- 24thé9V$B sifnal. The dlsclosed systexﬁuaﬂ&ﬁutagfeohb@ dperatdsont

A di scl osed cover sw ta for \/SB si gnal s,
advant ageou&gl JﬁP@ﬁggﬁp. ﬁ?ﬁ% t‘)‘t ﬁ% s1|gg|4 SAU3NBE sync
‘conponent §. b“ihdmdsh ali o tipigj slyadhmmngaodmp(ﬁleadgetd i faciljtate c oiraing Wi t h

respect L0 Ref6fihy 'S eugaBle o pohidlag! ARy R fchiteialand anel ! tude

modul at ed si ghal s“from . Wwh
PCT/ US95/ 03independent of a carrier offset when present. 3 tining

i nformation is e’lﬁrécaﬁ‘élokﬂ "é?nb dinfdrtat e enmdhggwbrk %s a g egdge

filter network f ers upper .and, | oner band es he SI gnal

The di scl os @843 RGN Tk ithy Tesponses s thqt are pﬂ@wymta%tt@ does
not relyl@ntke rﬁequemy %Iﬁﬁﬁ*unﬁoﬂf ah8i received VSB s1gnal at band edges

filtered by the filter network.

In accordance with a feature of the mvenuon, the filter
network is shared by a carrier recovery network for frequency
shifting the received VSB signal toward baseband.

15 | |
Brief Description of the Drawings

- Figure 1 is a block diagram of a portion of an advanced
television receiver, such as a HDTV receiver, including a timing
20 recovery system in accordance with the principles of the
invention. ' :
Figures 2- 6 1llustrate amphtude versus frequency responses
of signals associated with the operation of the system of Figure 1.

25 ~ Detailed Description of the Drawings

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 for

30 producing an intermediate frequency passband suitable for
conversion to digital form and appropriate gain control circuits,
for example. The received VSB signal illustratively is an 8-VSB
signal with a symbol rate of approximately 10.76
Msymbols/second occupying a conventional NTSC 6 MHz

35 frequency spectrum, in accordance with the Grand Alliance HDTV
specification. Specifically, the received VSB signal in this example



5 bandwidth limting synchronizing conponents to facilitate timng
recovery, and is capable of achieving timng synchronism ent of
a carrier %??’%‘8?4 when present. In a disclosed enbd§ F}r#e;gﬁ{')ﬁ?ﬂ
filter network is a conpl ex digital filter network with responses that
are conplenentary to 10 the frequency spectrum of the received VSB signal
at band edges filtered by the filter network. I n accordance
with a feature of the invention, the figlter network is shared by a

carrier recpvery rk fo fre uenc shif.ti t he receiyed VSB signal
toward basebtadd. 8%%)'5‘3“{ having 4 one ‘Bf‘?eé’fs‘?% rqaﬁl“_cm‘sé?ﬁ?‘iﬁ@ 0Dy awi ngs
Figure 1 isdefihedchydtlngrfollowing mgm dataf spmbeis:anced tel evision
receiver, such as a HDTV re?el \er, | nci udi ngs. aé r’r, ng 20 recovery systemin .
accordance with the principles  of ? i Averti on. ures 2-6

il lustrate ZThel Numneswmamdtlbcf@én&uwwmes nomlmlljsl @M sM dot at ed
with the SPekftp %ﬁq ith Nex kst Bahaévl&rmqmnﬁxanf% MHz at eagéDet all ed

Description, o adc
modul at ed HPARd ﬁ§| ahqglosed rsgéﬁmeﬂ‘qyyg‘iWa‘Pﬁ dsedl %er essed by

an input negiwpaks,1for edampledi ng RF tuni ng circuits, a double conversion
tuner for 30 prOS#'PI n%fan |nterlm§d ate fr uen segaigbasnd suvltfeg efrgor
conversion to di ?‘?%F 58? ofS SVEHr ¥ or
exanpl e. Thenalogeitoedigitidl: fognabyl hhuanah!g-tmd,xgltal xombrerds 16, swhich with
convent | oRaBrfiees B & Safple Vsl O 2 soIHERRVINGOE CTfleCRRHIVEA VSR, |
Grand Al | i asignaliomay ineludei fai cmlqtoﬁ(mmﬂm and| MStbeen edemodulated si gnal
in this exagpl gnit 14 so that the center of the 6 MHz band is nominaily
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
5 timing synchronization is established, ADC unit 16 samples this
signal at 21.52 MHz, which is twice the symbol rate. The pilot
component, which represents the DC point of the original
baseband pulse amplitude modulated (PAM) signal, is nominally
situated at 2.69 MHz (the Nyquist frequency), which is 1/8 fsr In
!0 the following discussion
“fc is the carrier frequency of the tran_smxtted signal
(nominally 5.38 MHz), .
fst is the transmitted symbol frequency (10.76
Msymbols/sec, or four times the Nyquist frequency), and
15 ~ fgr is the receiver sampling frequency (21.52 Mhz).
At timing lock, fsr = 2fst. At carrier lock when demodulanon to
baseband results, fc = 1/4 fgr.
The digital signal from ADC unit 16 is apphed to two
complex bandedge filters 20 and 22, which are mirror image
30 filters around the Nyquist frequency. Each filter exhibits real and
imaginary functions so that output signals from these filters
contain real and imaginary components. In Figure 1, a letter “C”
designates those signal paths which convey complex signals with
real and imaginary components. Other signal paths convey only |
35 real components. Filters 20 and 22 produce output signals without
image components, i.e ., the output signals contain either poSitiire
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def| neds‘l‘)’ar}fﬁﬁo\; B .si gnal havi ng a one di nensi onal data cori,%tlﬂljég%jlgg

ol l owi ng ei ght data synbol s:

.3 -1 13 5 7 The Nyqui st bandwi dt h forthis systemis nom naIIy
5.38 MHz for 5 exanple, with excess bandwi dth nonmnally 0.31 MHz at each
bandedge. The discl osed system nay al so be used for 16-VSB - signals, for
exanpl e. The out put- si gnal fsom i nput proocessor 14 is convert ed

f | to di tal f by t al t 16, which
10 aper at 06% ARegAtiuanShectERl cDMPR A M/ B9k toRth. KBS dasi taar ves | ¢
Tu00a!  oyalyshige Dot cERGNATsptibdy LARpONGREOIHAL Ay be DY NI
M. The ffletﬁtféﬁ&ytosasmw&?’smwtﬁr oln R sxgent filterd 20 Ao 6
occupi e; aarerdpsighed. G5 Hdvze tconiplek EM'ﬂalytiMeoutpuB signalyy withchr on:l\f]at Ih on

t ichis
ui co tne DORRNYE Spefitd) cOnRERRE® a5yl be SeSfrofl Mbure Xl o0 'S

poi nt of tnegaanu spectrum liasathitearpy the positivedspeattumatadso (could si gnal ,

i s nom nal hyve beéhtERbSEH.AL 2. 69 MHz (the Nyquist frequency), which is 1/8
flerr]. In %) efol ow ng di scussi on - fc is the carrier
frequency of th&1§WEe ém&t%@ﬁamegatlvenéﬁwmqy SPegLAm ) | f st

l?\ the traaﬁerb dséd’ | thier %ﬁﬂpﬁys (rk@p&ﬁses of Vil zbsﬁﬁld o2, fﬂiﬂ times
e i Gk e el SE SRR LR oo
denodul at i imputs of filters 20 and 22. The input real signal has positive and
negative spectra. The positive spectrum is cancelled using known
techniques, leaving the negative spectrum. Filter 20 extracts the
upper bandedge of the negative spectrum of the VSB signal, and
15 filter 22 extracts the lower bandedge of the negative spectrum of
~the VSB signal. The upper bandedge is that which contains the
highest frequency components, regardless of whether they are
positive or negative components. The lower bandedge is
associated with the lowest frequency components. The bandedge
20 responses of filters 20, 22 and the VSB 'signal intersect at the
Nyquist points in this example. 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
25 discussed in detail in connection with the carrier recovery
(baseband demodulation) network.

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

30 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 f1 is

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



baseband results, flerr] = 1/4 f[err]. The digital signal from ADC
unit 16 ixso #isbt€£d to two - conpl ex bandedge filters 20 pOoTiUBEs/03M8t ch are
mrror image 3-0 filters aroound the Nyquist frequency. Each filter exhibits
real and I magi nary functions so that output signals fromthese filters
contain real and inmaginary conponents. In Figure 1, aletter "C

desi gnat es those signal paths which convey conplex signals with r eal

and i magi nary conpanents. Qher signalgpaths convey only 35 real

conponents. Fil tﬁh% 2% ae'%?a ?sh% d ﬁﬁn “%Hldt cih‘i 'laclé" tt 8§E AM !rage
ﬁe outp WO

conponents, i.e
95/ 26074 s1gnals contam frequency (and phase) offsets t apgnaysg@/ arsed] for

S or negﬁﬁhHE aﬂeCééﬁierC%abmpt ss;bwlfxeanybouxle céhiter BRAStHe'AM

advant age of, no ner di f-f It t
renove gubsi‘&ﬂé ‘?‘iﬁalq‘?aflt {I'Jigg‘sg étgﬁquctf)p rngBr ahﬂ!‘aat?gge fﬂteg 3!95:1 negluto ?

have conyd esitwatedyat c-fgutuffssi Pnal pilot tsignal ie present . ¢such rasl m:ahponent S

Positive spUttthm e IPTY Rﬁi%)bgﬁ%@h@&&% H"thfs ?r%'lﬁer&a epi ot s
t he negatlv'Eherﬁmanl)y)Iséé‘&tfsmniS onsntoumthsthel symbek freguency ifethonses of
filters 20 4adaPds Gofled &5 W V48 Gapar %ﬁhﬁ%é eeaete& YRE AnMgnal as

applied to i nputs o real_signal has

posi ti ve ansignal rﬂlj& ned fepmcthe. omwtpeélthwéows@cbm ge dilter(18ed using
known - Qegibudtedeat -feavilig fghe(thegmyqaﬁssp&eqwncy):l mmnngo extracts the

Hpper banded Y h(%]:)ntlzhaetu;]x{a 3! Ia\tl: 1ev)% th en Ihe r}‘%equenc ota the” samphng
clock input (CLK) of ADC _umt_ 16 is four times the. frequency
_difference between the 'caﬁiefs of these two upper and lower
suppressed carrier band edge AM 51gnals (Figure 3). .

-5 The timing recovery system operates as follows. The output
signal from filter 22 is conjugated by unit 25 to flip the spectrum
of the filter 22 output s1gnal from negatlve to positive. This is
illustrated by Figure 4. Conjuganon is a well-known process
performed in unit 25 by first separating the signal into its real

.0 and imaginary components usmg ‘well-known methods. The
imaginary component is inverted by multiplying it by a negative

~ unity factor. The inverted 1mag_ma_ry component and the original
real component are re-combined. The;__reco_mbined lower bandedge
AM signal is multiplied with the upper bandedge AM signal from

»5 filter 20 in multlpller 26. An AM signal produced at the output of
multiplier 26 has carrier frequency component fc removed, as
illustrated by Figure 5. Removal of this fc component results
because the negative carrier of the upper bandedge component
cancels the posmve carrier of the conjugated. AM signal from the

.10 lower bandedge. The AM S1gnal at a suppressed carrier center
frequency of 1/2 fsy is maintained because both of the multiplied
AM signals are double sideband signals. In the frequency domain
these signals are represented at baseband as even functions (i.e .,
as real only components), and thelr convolutlon is represented at

.15 baseband as even valued functions.



,31 5 filter 22 extracts the | ower bandedge of the negati ve spectrum of

the VSB sygRdheordNe uUpper bandedge is that- which contains thgyusesisg@pest
Jrequency conmponents, regardl ess of whether they are positive or

negative conmponents. The | ower bandedge is associated with the | ownest
frequency conponents. The bandedge 20 responses of filters 20, 22 and the
VSB signal intersect at the * Nyquist points inthis exanple. In Figure 2
and subsequent Fi gures, -a synbol "Ag designates.a carrier frequency

of fset such as may be associ at ed th a near;baseband signal, i.e., a
signal not coﬁfd}feﬁ@rn?“@i‘au%ﬁéﬁesg t QYRY § aE'EP.me t_‘Gh’l‘%e?gwi Il be
(215 -dijs;:ussedha'snbden adbubledc dynahei oomnbhhiqu)mfeesﬁ le(rinuhi;ﬂifwti’on in( baseband
enodul ati o). pe S . The. of pt,i .S .2 re
conpl enment a?%lm?ob%&es FP xelagleun%@ sﬁe??é)@%)f.hgpi H%ﬁ‘{‘ﬁgi gr‘{gw]aﬁeﬁe
bandedge t h&ample etos zero,athe drequencyn@f the seesimer rsampling cockhClLKas t he
ef fect of §3 r UG P! ' s d € ikl lﬁ:ﬁ' Fegpude

nodul at eds('%g] Blg fy‘flﬂ“ ‘eln no tgiﬁioe?%?g‘{r}t&)l %‘ﬁﬁég oggdrl{tE ?ﬂrp e SB recei ved
VSB signal @ ‘tﬂjr &c%gen At ploany; Fame d&ggﬁeé Qslieﬁiﬁi is ageamplishedarri er
AM si gnal Wpsn aaphb@tddtecidre28nin id) tiidg recbeBAeditworke3peaponse of
filter 20 t(}P‘hhe | eft of frequency f[err] is 3 5°not critical, and the

response of IPHP®S 22 to the right of frequency f2 is not critical.
WD 95/ 26074 The imaginary component of the double sideband WANH/ 03131

C gnat s A9:Pub STl B SRuPple 9 Gt S, ¥ Al echiBa e ne
‘magnitude of signal mis-timing. The real component indicates the
direction of the mis-timing (AM suppressed carrier signals have
an ambiguity of 180 degrees which is to be resolved). If this AM
signal is perfectly timed, the imaginary component is absent. The

15 double sideband AM signal from multiplier 26 is separated into its
constituent real and imaginary components by means of a unit 32
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

20 sign by the separated imaginary component samples. The output
of multiplier 36 represents an error signal which is driven to zero
by the action of the timing control loop when timing lock is
achieved. | | |

. Since the carrier frequency of the double sideband signal is

2 5 nominally situated at '1/2 fgr, at lock of the imaginary component
of the output signal from multiplier 36 will be zero. Multiplying
the imaginary component with the sign of the real component
gives phase detector 28 the ability to differentiate between
positive and negative frequency offsets. _

30 °  The output signal from phase detector 28 is filtered by a low
pass loop filter 38 which contains both an integral path and a
proportional path, as known, and is clocked at a frequency of 1/2
fsr. Loop filter 38 is clocked to process every other sample of the
input signal since the pufpose of the loop is to drive every other

35 sample of the imaginary component to zero. The output of filter
38 is a DC voltage which is applied to a voltage controlled



timng and carrier recovery. Specifically, the center of the AM si gnal
obtained fromthe output of upper bandedge filter 20 is b5 pgrfussBsisnt

-flerr]- #9 ?’f@?‘f] If a pilot signal is present (such as in the G and
Al'liance HDTV systenm), it would appear at this frequency. The frequency
1/4 fst is one-fourth the synbol frequency if the signal is treated as
a VSB signal. Simlarly, the center of the AM signal obtained fromthe

out put of the | ower bandedge filter isg O situated at -fc + 1/4 fst (the
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26 has carri € req enc onent

renoved Iustr te
Figure, 5. Rkt edudpg; % tF @Bﬁpm troeggptebase n°b*&cdf}£'8 f‘ d.gggt ive -
carrier of ttﬁﬂeuﬁlﬁﬁrélﬁrtdedlﬁle@@m lock variee|as ahéupction i of therrier of (

t he conjugated AM ale farno d ﬁm é&ﬁt ;;pet AI\/I51 n%eat a

suppr essed AMOVRY e L% t 'S mal ntai n kcalse

both of the conttolploepl bandwdthsla;nhltheacenuobtio@rs|ttm§aﬂqn thal £OT I n the
sfag

frequencgfer;%rﬂple these signals are represented at baseband as even

function as real on]y conponents), and the convol n.is
represented at Ehecasmieidcan becrecoyered ving: |tWﬁsrbH°fem methods' in

the system of Figure 1. One method uses both of the bandedge AM
signals from the outputs of filters 20 and 22 in a manner that is
similar to that described above for timing recovery. The second
20 method uses only one bandedge of the received signal. In the
second case, typically 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 noted, however, that both of
25 these methods advantageously do not require the presence of a
pilot component
The carrier recovery method usmg both band edges
multlphes 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 shppr.e_ssed__ carrier AM signal at the
output of multiplier 45 with a carrier frequency of --2fc. The
symbol rate component fs¢ has been completely removed from
this. AM signal. If a carrier offset (A) exists, the carrier frequency
is at -2fc-2A as depicted in Figure 6. Up to this point, the carrier
35 recovery process is independent of the receiver demodulator
sampling clock frequency, fsr :
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g’?&’ pandwi dt h of the-AM :out put-signal from nulpdgmptssensido
‘has been dou 3

by the convol ution process (nultiplication in time
produces convolution in frequency). By driving every other sanple to
zero, the frequency of the receiver sanpling clock CLK 5 can be
synchroni zed to the synmbol frequency of the input VSB si gnal
i ndependent of any carrier..offset ([erg9]). This i:s::acconplished by a

phase detector 28 iQ.a tim oV Q as. f ol |

The imagi nary co oﬁgﬁaloﬁlglﬁé ﬁ’g%%é%@%ﬁ%‘ﬁmﬁ ’(5 l?utgﬁ l'ﬂi\gnal from
mul tiplier desirablpurte dpsiga amlnageh canlroliedf os¢idlators (MZOs)der specirghal

m s-tim ng. e t

Mot ng CAelss hat XmANaRnpp afe fRpals Whics %ﬁ‘gu. Hirpidiically
degrees whi &elated 119 E’éﬁr‘él%kv@'(?}l“eﬂﬂ’t ghea\digital sﬁ{ﬂlﬂ P@Qﬁésméchy tined,
the i magi BaklisCpopadent is Sn@tléﬂeﬂiat e comphauloubié dﬁaeadnd\'%mggighairom

Corponents 8 WeaRuEoH o  multigsiet 45 Wléﬁﬁét s ckamspresh M n ATeAneay
separation méo#ﬂfcq(nsglecnnggany camew\mffeeﬂ)maxuas -Zﬁc-thhn@haludmgum& 34

mal 1l 65 ??f’ssﬁzg‘i‘gf’g 83 ﬁ@l‘%iﬁ%‘” 251 SRR o bR 7o

output -  foldayeri mglon -orepspecificallyn isr practice;nthe viefttsideband ven to
Z€ro 1'@’p‘o?ﬁoﬁ%g%eokl\ghﬁghhins'ﬁ%ﬁ@lhr ﬁ&op ‘Aﬁﬁﬂgjfa)u kock is

achi eved arrier fre ue bl'e gl deband
signal is 29ToRRd nJintg the pasidvet TEHEW%Y SEQCtF%I( Hliasing | degs maty
conponent  occur because this AM signal is a complex signal in which the
adjacent positive frequency component of the first negative
~ repeat band has been removed.
15 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
achieve this, the carrier of the AM input signal to phase detector
54 must be driven to 1/4 fs;. The carrier of the AM signal input to
20 phase detector 54 is nominally shifted to a frequency of 1/4 fsr
by using a complex spectral shifter operating at +1/4 fgr. The
spectral shifter compriées complex multipliers 52 and 64.
Multiplier 64 responds to a 1/4 fsr sampling signal for shifting the
output signal of VCO 62 by +1/4 fsr. The response of VCO 62 is
25 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
signal from multiplier 64, which contains the frequency offset
generated by the loop plus the fixed 1/4 fsr, is applied to an input
30 of complex multiplier 52. The other input of multiplier 52 receives
the AM signai centered at -2fc from the output of complex
multiplier 45. ' :
Phase detector 54 operates the same as phase detector 28 in
the timing recovery loop. Phase detector 54 includes a
35 real/imaginary component separatdr 55, a sign function
‘translation network 56, and an output multiplier 57. Phase



‘of the output signal frommultiplier 36 wll be zero. Miltiplying t he
I magi nar‘yggggﬁﬁgent with the sign of the real conponent pcig9eg3nhase
7 .

det ect or ability to differentiate between positive and negative ¢
frequency offsets. 3 0 The out put signal from phase detector 28 is
filtered by a | ow pass |l oop filter 38 which contains both an integral

path and a proportional path, as known, and is clocked at a frequency of

1/2 fsr. Loop filter 38 is cl ockeijot_o process.every other sanple of the
i nput signal since_the purpose of the |oop is to drive every other 35
sanpl e of dREGIARGD aP?e%ﬁi)oh)én{nqlgphé’r‘TgP thee IRAEINATYfCOmMppReNt of 33 |5 g
Bg#a'sgg?gﬁ@gil(ﬁhphﬁ siphal deomo rmkiﬁlidthZCWith.OlHeedigSn- of Y&%91;5|/a|26?74 (Voo

. C e : s¢ or
40. Osci || GoBIpoRent, Thigccavses the yalup gsrﬁ)‘f?ng othgr (?Fmgd? r ADC uni t
16 as a fuimiagmaryf colepddentote doe. driivem ntp zeros)Simkceophase i detectoreved when
. the ADC gagpl 144, C LoV : _ e.de i Wy ry system
i ncl udi ng | tv\%n?i é@acélésaegéﬂflgﬁ?% gg@i@{thg ?&e&qﬁéﬁgﬁﬁd}skpe%ﬁéﬁgégmen t he
carriers ofi.eheodd orwyenytuit pot botlyhaloopr filters 60 dike filtend8rds(Fi gure
3). The Yoy T 119N dultHili € Has QN \ hiSet f4 are
) rg@ﬁi&ﬁ% to BQQ%LPSIE @uﬁﬁ Qiraﬁ‘llél%@ &t OtheP Ry oIS rate frathé thén

adj ust abl e nf; agﬂli si%a" .cont ol SC%| a&qs . .
respect i veRy . tWiIGEs &ng cHMAPRL JAte.sdfig o 9?'3% y (ERducss; the | sqmplexity s gnal
acqui si ti opfi thet Neopcfiltess tdomparede to awtiavewolkd rieelreqdired for %al ue during
 achievel§l MmPIEC R, sTRUESE IniSteRfed Bl Y. " L Lunt of ‘ol se and
mul tipath di st ofElieoroutpateft multipliersdgnaat theeinput to- carrier recovery |
network 50, is a complex double sideband suppressed carrier AM
signal centered at a frequency -2fc-2A. The output of VCO 62 in
the carrier loop is a signal approximately equal to 2A. To produce
15 this signal at the output of VCO 62, a signal 1/4 fgr is added to the
carrier loop via multiplier 64 to cancel the 2fc component. The
complex signal 2A at the output of VCO 62 is translated to an
output signal A of carrier recovery network 50 by means of a
divide-by-2 frequency divider 70. Output signal A is a tone
2 0 (without a frequency spectrum) representing the carrier
phase/frequency offset. . R
The VSB output signal from ADC unit 16 -is applied to an
input of multiplier 74 after being delayed by a unit 72, which
compensates for the signal delay through filters 20 and 22. The
25 output of delay unit 72 is a complex near baseband symmetrical
double sideband VSB signal as depicted by the frequency -
spectrum - diagram -adjacent. to block 72. This signal is shifted to
closer to baseband by multiplier 74, which is. clocked at 1/8 fsr to
. produce a near baseband ‘upper VSB sideband at its output, as
20 depicted by the. frequency spectra. diagram at the output of .
multiplier 74. The near baseband VSB signal from the output of
multiplier 74 is applied to one input of a complex multiplier 71,
“and the output (offset representative) signal A from the output of
carrier recovery network 50 is applied to another input of
%5 muliplier 71. The function of multiplier 71 is to substantially



‘control |oop bandwi dth, and the control l.oop time constants, for 1 5
exarrpl €. wo9s26074 Ihe carrier can be recovéred usi ng two cb(ff/esgsmmyret hods
g n the systemof Figure 1. One method uses both of the bandedge AM
signals fromthe outputs of filters 20 and 22 in a manner that is

simlar to that described above for timng recovery. The second 20 net hod
uses only one bandedge of the received signal. In the second case,
typically the bandedge whi ch.:i s used i that which:: may contain the

Pt f o AbERL e[ ROH) S Rig] B by 4 Pa&?é*q"ngﬂ%?ﬁ&%%%ﬁes
andl E;ogzu;:e&uge: not ed, however, that both of 25 these net gods n

The carcrerr scovhr Somae fém .Bﬁglaﬁéﬁ V8 (gl appeifd  AOTRE gt
outputs of fofl mulsiplieo Zhdsizmldofet aerbasebandnand p)ﬁtm is. Howenerhadnt
conj ugat | g 44e+sk OfiAS §EniPSmd "€o int &Hglﬁﬂg{ﬂ bffsels | ai may

mul tiplicati on produces sup press ﬁr rier na at t out put
of nultiplidiavestqjbe eorapensate fo,fqu tsyl&facmm by %Wrﬁﬁ!la izgre

cowponentf;ﬂst h%xm%ayowlefed kdmvashfigmlon Eaushﬂil szsgnal If a
carrier ortse IS I er re

O Lerr] 2| SambaEsaks, ot ghapnel qsBimaness &' KicWp and. Toduees (#m, s
recovery pr cnmhzed oatmyte sijpal diattisa denodede bydemitiilGtand procsssed i ng
¢l ock frﬁgg?giyam 'dutptd processofC182/'BESSder 76 may inclpde, for example

PCT/ US95 Higital
si gnal pr ocdsellisy desoderatdesintericaves, Rerd-Salomon error correction, and

audio/video decoder networks as known. Output processor 78
may include audio and vxdeo processors and audio and v1deo
reproduction ‘devices. '
15 ~ 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 carrier
frequency of -fc + 1/4 fst. This is accomplished by setting the
input to multiplier 45 from filter 20 to a value of unity. This may
20 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 output signal from filter 20, and
another input receives a unity value signal. The latter signal is
conveyed to the input of multiplier 45 in response to a control
25 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
system using two band filters, timing and carrier lock may occur
at about the same time. In a system using only one band edge
30 filter, carrier lock may occur after timing lock, depending on a
variety of factors such as noise, loop gain and loop bandwidth.
If timing lock has been established by network 30, then fgt
= 1/4 fgr, and the fs; component of the carrier can be removed by
| shifting the AM output signal of filter 22 with a -1/8 fsr spectral
35 shifter. This spectral shifting is accomplished in Figure 1 by
changing the illustrated 1/4 fsr clock input to multiplier 64 to a



desirabl e to design voltage controlled oscillators (VCGOs) or spectral

shi ft er s wdedneomnveni ently produce signals which are har nopr¢aishsfosisi
related to the clock frequency of the digital signal processor. In 5 this
regard it is noted that the conpl ex doubl e si'deband AM si gnal at .the
output of nmultiplier 45 (Figure 6) is centered at a frequency of -2fc
(neglecting any carrier offset), or at -2f[err]-2[err] (including the
offset). This neans that this AMsigd@ is straddling the aliasing

f ol dover regj g) NEYoRkS pﬁfﬁg} SidH ys'gebgrapr%ﬁfﬁ{ig tflgeAMf %ggﬁlaqebail;r}?ﬁjﬁg

portion of t own_ .in into

the positi#& &’Fe&ﬂ&l?ﬂ}yo pagltiplker A3 aBl 1hpejdssa nﬁsquency)ccfur(lnecause this

AM si gnal iconéraspniel e2f, lﬁn@he ldhs&’“bﬁ"thbhdouble HAndC p e frequency
~conponent of the first énegg,t(yl repeat ‘band has %ggﬁ ?’e%rtr%{)/% 15 "

To si npli f JiS¢HSSEdsi RFe VAP -carrier recovery netviork; an - associ ated
phase detlector 34 thiseefrbudifient the ABRIss| ﬁapﬂ.%iﬁer freﬂﬁ&ﬁéi' {l c Zagused in
e

timn rec e t 3 t carrier of
t he Aglg/l i npg’}é éixsglfii &ﬁgé%h%seh& éEtgy Rs‘g‘%Sﬂ RH?%% e‘&F%%ﬁi%‘aE/tP flerr].
Tﬂe]c ;:a(rjruteunuf S4haiselt foprihe idouble t barid q:dm&:aiﬂeectwofc%yl aigamlpwa! :c%/

sni e 0 C spectra hi er
operating a? 5‘7‘%&&?? é(vigl #}ﬁ@{ §5m§.) le ? ﬁ?se)r&ts zt%?rpl

mul tiplier Sutputa@f the phase mietector es mnegresqd)rlus . dow passf hoopzfmen ng

si gnal 1@ wiHithtdriges ReVCO ﬂvta%o '\Gﬁ'ﬁ"'h aétsV] cﬁ?vé% TAfM ; é{la.llTOOp and

response of VCO IS 25 sim In t con
responds t §3H1Pc Irequengy J&e ﬁ{m‘tﬁeH‘tﬂ/ manggr 03‘6 10 thak 60 which |s‘

simlar todescribedtsbows inn conmettiohnavitlecehee'dodlerbafd' S&gétbi‘ﬁ'lé?rorrp' ex
~out put éé% % ﬁétl plier 64, which contains the fréquency offset
generatedB Io’gg? the fixed 1/4 fsr, is applied to an input 3 0 of
conpl ex nul ti pl Ier thep. describachembadiments, ntimiingl irecoery e(deck)asma the AM
si gnal Egnper 2 c ;
Phase dete g %le%deég?{esiﬂmtﬁg %egagésg (ﬁf‘age%gﬁltl gil(tOffseZtE%nuA'{Ci I[hljn?'h\e timng
recovery I@U% dPﬁ§ 'dé?]é’cloéir smclmn%%nta 5 the aVSBresdgnal for shisonent
separat or porpasesi The f ¢lioice0Bf operating phase detectors 28 and 54 at the

midpoint of the Nyquist region is. one possible implementation.

However, ‘the phase detectors could also. be operated at baseband

2 ) 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 mult:pher 64 would be -1/4 fsr

¥



“translation network 56, -and an out put rruI tiplier 57. Phase WO 95/ 26074
PCT/ USOS5yskRt074 10 dPCHUSEN03531
N, operates by nultipl yi Fﬁ“‘%ﬂ\ ‘““1\““ conponent of . t he out put signal

“frommultiplier 52 w 81 gh o‘f the real conponent. This causes the
val ue of every other sanple of the | magi nary conponent to be driven to
zero. Since phase detector 5 54, |like phase detector 28, operates on the
sanme set of sanples - (i.e., odd od ven, but not bot h), loop filter 60
(like filter 38) is reqw red to Q]_n@lMSout put sanples at the synbol

rate rather than at twice the synbol rate. This significantly reduces
the conplexity of the loop filters conpared to what would be required

for 2 1 0 sanpl €. pe[nsg/rﬂystemnfxblememming)ra; high definitidinetebenipion of

Ul BT e TS, Sind"Rinh el HiCh PSRRI vestlhlUilicBtha | 2

conpl ex do suppressed carrier ered at a
frequency -(M3B) rqlga{abrflormam@l @st pupnefdivasnsional, data e¢onsteHatipar of oop i s

a signal a l@mr s%ﬂtiﬁ% fd‘?gﬁﬁprﬁ'ﬁa eT%dlhoﬁHaesﬁbj%cttht& Siibiting! the
out put of Vi

sr i s.adde [rlerloo Vi a
il (i pl  er FAGEE ORSFL e UBHNG: TPCQYRIoMERWOTkntoT cstablighing Sotme
2[err] at tsy@ichrémidin detweenca locdlr wc‘dx&éedsymbah clogkouhaua signal [err]
o C301 S5 RNk, TGO el IR Brfhereroneh, SR R
r epr esertO ragpable coff rachieving said esynchronism iddependent of said ThaerivB
2?: g‘r“ bai grgb?‘gse{tr / (f%r@géﬁt %ﬁiz?id\jgl@%%i%@dt Qighthl, said"BWling rSbVery 1E7 74
network comprising:
an input network (14,16) for recelvmg said VSB signal;
a filter ne_twork responsive to an output signal from said
15 input network, comprising 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 double
- sideband amplitude modulated (AM) sxgnals at respecuve outputs
20 of said first and second filters;
. a phase detector network (28, 38) for processing a double
sideband AM output signal from said. filter network to produce a
_control signal representative of a timing error; and
a clock signal generator (40) responsive to said control

25 signal for generating said symbol clock.

2. A system according to claim 1, whereln
said first and second filters are complex digital filters w1th
responses that are complementary to the frequency spectrum of
- 30 the VSB input signal at band edges said filters respectively filter.



conpensates for the 'gna delay through filters 20 and 22. The 2 5 out put
of del ay is a E band symetri cal PR /@315 deband
VSB si gngfw%sg éepi ct ed| mm’“mmm ttu spect rum di agram adj acent to

IS S t

bl ock 72. This signal et closer t o baseband by nultiplier
74, which is clocked at 1/8 fsr to produce a near baseband upper VSB

si deband at its output, as 3 0 depicted by the frequency spectra di agram at
t he out put of mul tiplier 74. The ar baseband VSB signal fromthe

out put of multiplier 74 is applied to one input of a conplex multiplier
71, and the output (offset representative) signal [err] fromthe output

of carrier F3ECOAersysmVWCbr&ﬁ1 toaglaimed, twheregaher input of 35
g};};gg%er &2 -I_srz]r?dfruerf:%gx"e&] Ggﬂrénﬂ' hllZf'ts 3 fr%q%UbStanE%rgg %‘Sl‘%‘fh
cancel - t he banids edgBeresponses hat asBresjugngiess §ct hal/4d fon sadafd v/38+ Ssgnal -
results. t [ e out put
of nmul ti pSI Irgsp%ctw%l?ul Weergts Hﬁgggaﬁdﬂgﬁﬁﬁ?eﬁaﬂeﬂwﬁéer altr? LQ '

practice tHsa8@gnal may contain residual phase of fsets that may have to
be conpensated fid ﬁﬂtsmﬁ-,rae&ﬁmits %h%nEYea eCfikponse’ at a amch may

i st ur banctoaue R uff ankhfsadtis 4 secgaﬁaf?tﬁ Jigig, hobatl Bk,

decoded by responsts and N}upnstsd'rbqueltqy &g sulMufstpr whessor 78 Decoder 76

may i ncl Lﬁie for quggﬂICe (FII ?Féd&!eeflc eqPd&did ﬁ%nk' PI: eYPEH gﬁ%fjit Sol onon

error correctlon 0 “decoder. net Wor.ks as knomn put
processor 78 fgt is the transmltted symbol frequency, and

A is a carrier offset when present.

4. A system according to claim 1, wherein |
15 said input network includes an analog-to-digital converter
(16) for converting a received signal to digital form, said
converter being response to said symbol clock.

5. A system according to claim 1 and further including' |
20 a multiplier (26) having first and second inputs for receiving
output signals from said filters, respectrvely, and an output
coupled to an input of said phase detector network

6. A system according to clairn 5, and further including:
Z5 means (25) for conjugating one of the output signals from
said first and second filters before bemg apphed to said
multiplier. -

7. A system according to claim §, wherexn |
20 - an output signal of said multiplier is a suppressed carrier
double sideband AM signal centered around a frequency 1/2 fst,
where fgt is the transmitted symbol frequency
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‘may include audi o and video processors-and audi o and vi deo r epr oducti on
devi ces. WO8)512607JCarriJm : recan:al so be acconpl i shed RSVHPSA3IBIng| e
-band edge of the inpu ‘, Jm?mmngws Lower band edge filter 22
produces a doubl e sidebdand AM ow =ignal with a carrier frequency of
-fc + 1/4 fst. This is acconplished by setting the I nput to nultiplier
45 fromfilter 20 to a value of unity, This nay 20 be done by placing a

mul tiplexer in the signal path bet weeh & he output of filter 20 and the
upper input of multiplier 45. One input of the multiplexer receives the

out put signal frgmfilter. .20, . 0 hn eives a unity val ue
signal. The latter sf\gﬁxgte?% aC%Bg%We?Qaanﬁt %é%ﬁ&fﬁof multiplier 45 in
&
response to a corsaid|inphtssignal tappaidephaseadetsstonmnetwprk ist at komplex
mul ti pl exer .g; aalShAAa p‘{q{gp%rm d ilter 20 is

decoupl ed frsé%m %W#pf?aérhﬂg \i,\%xfgg theé upity . va tg’egdé}dgnal Is enployed. In
a syst &m usi nfaidophasel dateetors netwarkgineladesrmeans | fori csagelangr at

about the saped t ini@ginkfy ScSmMpoABhE SN AnO Butp@NSiPadld fesiae sdid phdsee!
carrier |ock, may, occur after timng | ock, depending on a vari ety of
factors sucHlSECRS; sRety gain and | oop bandwi dth. If tining

| ock has been established by network 30, then fst = 1/4 fsr, and the fst
conmponent of the qgar i Y . shif {ufld the AM out put si gnal
cof filter 22 vvitt?‘@ ﬁggs‘%ﬁ] %%8&&5% ?‘gﬁéﬁ?‘dbmf iy spectral shifting is
acconpl i dHdd i n maidirrecgivied VSBIsignahds tave 8-ViSBstsignald having @ opeock i nput
to multiplieg; : _ ' ; : :
L il B‘Itg?ﬁfhsﬁ&ﬁ data symMBoPSéatitéAation defmedlzby the following
. eight data symbols: -7 -5 -3 -1 1 3 5 7.

-7

10. ‘In a system for receiving a high definition television

15 (HDTV) signal transmitted as a vestigial sideband (VSB)
modulated signal formatted as a one-dimensional data
constellation of symbols representing digital image data,
apparatus comprising: '

an input network (14,16) for receiving said VSB signal;

20 a filter network responsive to an output signal from said
input network, comprising 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 double

25 sideband amplitude modulated (AM) signals at respective outputs
of said first and second filters;

a timing recovery network (30) responsive to output signals
from said first and second filters for establishing timing
synchronism between a local receiver symbol clock and a

30 transmitter symbol clock; and :

a carrier recovery network (50) responsive to output signals
from said first and second filters for frequency shifting said
received VSB signal toward baseband.



-1/8 fsr clock. After such spectral +fting, the AMsignal carrier at
the out puyPésgurt i DM frequency -flerr] pbPusosnsifntast
to -2fc in the case t he dg dge net hod dlscusseg
previously). m &“w t-the AM signal carrier frequency
fc can be ea5|ly dr Sf[err] by using a phase detector
simlar to unit 54 used“for the double band edge carrier recovery
exanpl e and forcing every other sqrg)l e of the real conponent to zero.
The out put of the phase detector is integrated by a | ow pass | oop

filter 1 0 which drives a VCOin a |loop which acts to drive the AM si gnal
carrier frequencylto Al/sysfesm accordig rter chaim C!Qll}uwlie?eifnhat descri bed

above in connecti - covery exanpl e.
In the described sgli' di msnFla ggbl&r)nﬁ&n} ﬁf@gs\/%g ?gl&fkeﬁlﬁﬁv f‘”ﬁ bEe &% ed
even in the tbﬂés@ﬁcé?omplﬁnmtﬂmrtmfthsefremcm spegtrum bpcsaido¢spwot rely
on sync cGTp@8BN a 0 S he choi ce of
operating phagg tgﬁ%dedgt gfr‘gaa\zt'x?aeﬁléﬂgdfkagg fil eéi’k resaegﬂ\'réﬁ?sﬁ e ‘he Nyqui st
region i s one possible inplenmentation. . However, the phase detectors
could al so be operated at baseband 20 with the sane results. The use of the
negative frequency spectrumis arbitrary. The positive spectrumcould
al so have been used wi th anal ogous results, by using a different

i npl enent ati on of the described circuits. For exanple, conjugate filters
20 and 22 woul d be used and the |nput to multiplier 64 woul d be -1/4
fsr. 25 WO 95/.26074 _

PCT/ US95/ 03131
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WO 95/ 26074 PCT/ US95/ 03131 :
14 W0 95/26b74 A system according to claim 1, wherein id
kecei ved VSB signal exhibits a frequency spectrum wth ng’ryggsé(gézla
responses at a frequencies fc - 1/4 f[err] and fc + 1/4 fst 5
respectively, with respect to a md-band carrier frequency flerr] +/-

A, and said first filter exhibits a band edge response at a
Nyqui st frequency fc - 1/4 fst and ind second filter exhibits a band
edge response at a Nyqui st frequenc + 1/4 f[err], where 10 fc
is the carrier frequency of said transmtted VSB signal; fst is
the transmtted synbol frequency; and [err] is a carrier offset
when present. 4. A systemaccording to claim1, wherein 1 5
said input network includes an anal og-to-digital converter (16) for

converting a rgcgERvRd signal to digitef s id * converter being

response to SRESP ol p.LWI{ST__., ﬁESO SE ystem according to claim

1 and further 1nc I ng 20 ajmul tip)rer (2 having first a nd
j om saild filters, respe @el?

inputs for recepvimng OUT.RN . ,
and an out put m OO \d p ase detector netwo
6. A system accordi hg, t9o, $ ar uadr ng.

(25) for conjugatingohe pf 'tfdjré'o t*prQ signal s Prom said first and

second filters bef orfe ﬁﬂS'lg app_fl 4}SOT sai d :rrul tiplier.
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7. A system according to claim5, wherein 30
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(E2)) Title:/C(&RRIER INDEPENDENT TIMING RECOVERY SYSTEM FOR A VESTIGIAL SIDEBAND MODULATED SIGN}/

(57) .bstract

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 sxgnal




20 a filter network responsive to an output signal fromsaid

i nput network, conprising a first band edge filter (20) and a second
band edge filter (22) having band edge responses - respectively o
associated with upper and | ower band edges of a frequency spectrun1of

said VSB signal for producing double 25 sideband anplitude nodul ated (AM
signal s at respective outputs of said first and second filters;

a timng recovery network (30) responsive to output signals fron1sa|d
first and second filters for establishing timng synchroni sm bet ween a

| ocal receiver synbol clock and a 30 transmtter synbol clock; and

a carrier recovery network (50) responsive to output signals from said
first and second filters for frequency shifting sald received VSB

si gnal toward baseband. - WD 95/ 26074 '

PCT/ US95/ 03131 - 16 11. A
system according to cIa|n1 10, mhereln ' said first and second-
filters are digital filters with responses that are conplenentary to the
frequency spectrum of said input 5 VSB signal at band edges said filters
respectively filter. o LT
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