GHOST CANCELLATI ON The current invention relates generally to systens,
apparatus and nethods for .ifproving the quality of television pictures, and
more particularly 5. "'to the reduction or elimpation of ghost images. The
nultlpath reception of NTSC television images, comonly referred to as
ghosplng,'ls a W despread problemboth for signals recelve é%i

air and for signals received fromcable TV systens. Recent advances I n 10
digital signal processing technology make it both practical and econom cal
to i mpl enent a ghost cancelling systemin-doasunmer television receivers
that will elimnate, or at |least substantially reduce, the deleterious
effects caused-by multipath receGHOST CANCELLATHONt i nages, -commonly
referred to as "ghosts", are a common occurrence in received tel evision
pictures. As conpared wth the predom nant  inage produced by a signa

received by a di rect.r at h host oduced b}/ nme- del ayed, usual
attenuated, - and di st h\?@f' gp’&‘ﬂltfﬂnf t‘?r SpaFa! lYefoe\§V§[F8}‘f RRAZRtuS 3

been recei ved BeriGds dfb M@%@ﬁ%@ﬁﬁal %l@@lsijdrf ﬁ%fur@? tandp@hpe Réﬂgpa

pat h ot her thant I'S re rred to as a nu

the delay gnd %t@t@iucﬁanr&yelhﬁuaﬁbh%f gesst iinwger negative. Thus, it is
possible to have a pre-ghost or a ghost With a larger anpl i tude than t he

mai n signal. The paraneters of a ghost signal may also be tinme-varying. 25
Mul ti pat hs can be broadly classified into Iongqand short multipaths. A long
mul ti path nani f est s Thegeltipath recepaemebNy Sghis: wsmg@aa‘vsmspmanly referred

o vances. i oip B BESHFES 8 o Bb R BRbul P8 Tor HSRRCRCE B ol /2" "
an\3o air and for signals received from cable TV systems. Recent advances in
10 digital signal processing technolooy make it both practical and economical to
_implement a ghost cancelling system in consumer television receivers that will
eliminate, or at least..subStantially reduce, -the deleterious effects caused by

multipath reception. = .

15 - Ghost  images, commonly refcrréd'- ‘to as "ghosts", are a common
occurrence in received teieVisiOn picturés. As compared with the predominant
image produced by a sighal_receivcd by a direct path, a ghost is produced by -
a time-delayed, usually attenuated, -and distorted version of the propEr-

N television s'ign_al, having been received by way'of a path other than the direct

20  path. A signal 'path other .than th.e.direct path is referred to as a multipath.

Generally, the-'delay and attenuation may be either positive or negative. Thus,

it is p‘os_sibfe to have a pre-ghost or a_gh_os_t with a larger amplitude than the

main signal. The parameters of a ghost signal may also be time-varying.

25 - Multipaths can be broadly classmed into long and short mulnpaths A
long multlpath mamfests itself as a secondary ghost image displaced
horizontally with respe_ct to-a .predommant image, whereas a short multipath

influences high video frequencie's.: Its effect is typically observable as an
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apparent increase or decrease in inmage sharpness, acconpanied in sone cases
by | oss of sone image information. The attenuation of high video
frequencies can lead to a "soft"” appearance in the picture. Short

mul tipaths are typically of concern in cable distribution systens and
generally arise fromtermnation 5 m smat ches and mnul ti pl e echoes, .
comonly called "nmacroghosts". Long nultipath ghosts are typically reduce
by cancell ati on schenes whereas short nultipath effects are typically

al I evi ated by waveform equal i zati on, generally by peaking and/or
group-del ay conpensati on of the high frequency video response. 10 The
phenonenonagiark sl Merédse or deordase e imbge shAPHERS aecbmspmea il sBifiel@sedTPr OVI Ng
picture quality by reducing or elimnating ghosts. See, for exanple, W :
Ci ci ora etbyploss of somemage ifor@maisin. Cihe ettenuegionnofegb wiidéofreReemdieer s,
published in the | EEE Transactions On Consuner El ectronics, 15  volune

CE- 25, dur¢amyleaddounr $oft'ozppeazangeaipeidie pigmire.oShert Byltipathhare B/piedlypr obl em
of ghosts ape descr.ibed in U.S. . Patent hb.d4 896,213, JFnua%¥ 23..1990 to
Kobo et al Of SQRFaEAdN cabjeistripition sytems and generally atise” guhIeTINAtoh K et

al ., the dj f B t r 8Ailed MERL b erence.
20 Si n%e tlﬁﬁéﬁty{gg? é]rai gﬁﬂégﬁo?&gﬁ tg ¢ gﬁg{nﬁﬁ?t Zd%lgﬁdevﬁ%cg%@sgsﬂél wéélgé known a
priori, itmjuhiptBSHIsE ardttypRaly redudedelsy ¥andetlatibh IstE@mes! Wmeedldr shigrer i sti cs
in a system of ghost signal detection and cancell ation. Nevertheless,

vari ous prnhlgpathleffeacts atei typigatly cedleiviated by evaveform equabizatiorf, generalbsi r abl e

. to transmt 25 _repeatedly a reference signal situated, for exanple, in a

section of by eeaking and{ungeaupndelay r@qmp@sagw i the Dighs &equency; ivadep

pur poses ape%pBgseuse this ~r

10

The phenomenon of television ghosts has been addressed Wwith a view
to improving picture quality by reducing or eliminating ghosts. See, for
example, W. Ciciora et al., A Tutorial On Ghost Cancelling In Television
Receivers, published in the [EEE Transactions On Consumer Electronics,

15  volume CE-25, during February 1979, at pages 9-43. Other solutions to the
~ problem of ghosts are described in U.S. Patent No. 4,896,213, January 23.
1990 to Kobo et al. and U.S. Patent No. 4,897,725, January 30, 1990. to
Tanaka et al., the disclosures of which patents are herein incorporated by

reference.

Since the characteristics of a transmitted television signal are known a

priori, it is possible, at least in theory, to utilize such characteristics in a
system of ghost signal detection and cancellation. Nevertheless. various
problems limit this approach. Instead, it has been found desirable to transmit

25  repeatedly a reference signal situated, for example, in a section of the
television signal that is currently unused for video purposes and to use this

reference signal for detection and cancellation of ghost signals. Typically.
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- tel evi sion si

reference signal for detection and cancel | ation .of ghost’ signals.

Typically, 30 _.-3- linesin ‘the vertical blanking interval (VBl) are
use_d_ Such a signal is hereinreferred to as a Ghost Cancel ling Ref er ence
(i.,e. a*"GCR') si gnal It has been proposed that a useful test or GCR

sigmal may appropriately 5 —“exhibit a (sin x)/x waveform Such a wavef orm
suitably w ndowed, exhibits a relatively constant spectral energy density
over a frequency band of interest. See, for example, A Tutorial On Ghost
Cancel ling In Tel evision Receivers by W CPciora et al. Ghost |ocat i ons can

then be determ ned for ghost__si gnal cancel tion and m equalization
to reduce the lem¢5emtt§1edrer§ﬁa:1rb glﬁiﬁ’FY% tilg argjused W%!-‘GA Ngnaﬂrs €y 3

to Kubo notes a t canc I ng Si sion/d, 2 yst em whi ch
allows a builtlel 69@%%%@% &Hﬁ"%ﬁ é%e HEEZhSeQ é‘gﬁ %S%}ag ghost
conmponents attri but abl e to group-del ay di stor'tion 15 and
frequency-anplitude characteristic. distortion generated in a signal

transm ssion path. fag Ueén??&tbc%%@@hﬁ&é Seepelr oS sGOR ﬁgﬂalgnhyxhppr@radtebvn a
tel evision signal as a cancel I'ing reference signal. Thus, in U S

Pat ent No.54, 8&hiBit3, (sin ﬂ)/glwaleferrgnaﬂuChcmwaS@f@me sfiitably \gmﬁi@thsimez(mtgts
signal s, clock synchronizing signals, and data si s is nerated, and is
super posed, 202 relativelyonsany spactieh Eneney lans gy |°|’{Fg?3 quegcbggapgp {RIETESH |

o L0 ARk el Ha N Ry g B B P R0y by
arrangement thay EIG6HLE0aR COMIRIBLNSOPRY HehoBe Rbicrhiinéd %ﬁﬁhbﬁteﬁgnal

uce enonenon.
% . cancellation and waveform equahzatron to reduce the effects of short

10 mulupaths. o

U.S. Patent No. 4,896,213 to Kubo notes a ghost cancelling signal
transmission/reception__syégem which allows a built-in ghost cancelling device
to reduce or eliminate- ghoS-'t'__cornponents attributable to group-del_ay distortion

15 - and frequency-amplitude;_,..charécteristic distortion generated in a signal
._.transmissio_rr path. _Thi_s._.is ._achieved by superimposing a digital signal on a

television Siwnal as aloho's't' "cancelling reference signal. Thus in U.S. Patent

No. 4,896,213, a dlgrtal swnal composed of frame synchromzm& swnale

A -clock synchromzrng sronals and data signals is generdted ahd is superposed
20  during the vertical blankmg mterval on a televrslon signal to be transmijtted.

At the recexvmg end, the dl_glta;L sr_g_n__a'l superposed on the television signal is

used as a reference _signal_,-in-:'gn_:arréngemEnt that executes a correlative

operation of the transmitted. television signal to reduce the ghost phenomenon.

25 . - In the arrangement of . US “Patent No. 4,897,725 to Tanaka, a
transmitted reference or GCR sxgnal is also used. A dummy ghost signal is
generated and is used for cancelhng a ghost signal in the transmitted television

srgn_al. This 1s_substant_1ally t_:he-_pro_posed_ BTA (Japan) GCR signal, which
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25 In the arrangenent of U S. Patent No. 4,897,725 to Tanaka, a
transmtted reference or GCR signal is also used. A dummy ghost signal is
generated and is used for cancelling a ghost signal in the transmtted
television signal. This is substantially the proposed BTA (Japan) GCR
signal, which 30 -4- uses as the main reference (or deghosting) signal .a
signal having the aforenentioned (sin x)/x waveform principally for its
property of a substantial high frequency spectral energy content. Averagi ng
with a pair- wise constant signal is cagried out to derive a received
reference waveform 5 The received reference waveformis Fourier

transf or medsé 43r oé dgain yeferehce=qor | dghosehd) Gigiisa Jibhal MaRs{LHEd
reference waveformis then processed with an avail abl e Fast Fourl er

Transf orm eforsmentionedi (310 GDR twavefopn; eprineipaléyhfort iitsy gropery péraneters,
that is, tap gain inforpation for a transversal filter, for both waveform
equal i zat i éHb?rtﬁﬁﬁl%lehIQ%pggﬁ'éeWsiﬂﬁﬁgél ENerZy eqnient, Aieraging WHb alpgitost i ng
filter infinite inmpulse response. (i.e. an."IIR filter). As can be

expect ed. PHise SROSRHE Simal B PR e, @Bive 4 Rereived Bifbised) RV oo
acconpani e Ve | :d | 'éﬁﬁﬁg o Shaeal . It
S hergi n ftg}c%oﬁéﬁlkélggmﬁgﬂeﬁ?ﬂg@%g?@?ﬁ%ﬁgghg? tlghgﬁigfsr{e-acta e I(lﬁ'ﬂa s%/g emis

15 gr eatHovrieffdoeeficietsbyThé eransfosmed refepende wantforth BORER Protdsstde
acquired GCR signal. It is also recognized that a reduction in the noise
and pert ur vdth an availakletFast FongieadgansfoimGiiams inmpaired GER taltoenpune

i nprovi ng the accuracy_of the deghosting filter paraneter derivations and
in reduci nghe q@gmmgrﬁl&grﬂgrémpgegg, that is, tap gain intormation for a transversal

filter, for both waveform equalization finite impulse response (i.e. "FIR") and ~

10  the deghosting filter infinite impulse response (i.e. an "IIR" filter).
As can be expected, the ghost cancelation reference signal is generally
received accompanied by its ghost signals and is thus itself a "ghosted" signal.
It is herein recognized that the performance of a ghost-cancelling system is
15  greatly influenced by the noise and perturbation content of the acquired GCR
signal. It is also recognized that a reduction in the noise and perturbation
content of the acquired GCR signal is desirable in improving the accuracy of
the deghosting filter parameter derivations and in reducing the system

complexity.

It is herein further recognized that a step in the signal leading edge is
desirable in a GCR signal in computing ghost locations. As previously
mentioned, a (sin x)/x waveform provides particular advantages in a GCR
signal. Its flat frequency spectrum allows accurate computation of the filter

25  parameters for attenuating multiple image effects as well as computation of the
waveform equalizing parameters. The characteristic ripples of the (sin x)/x
waveform, however, along with other high frequency c'omponents, are

typically attenuated in a received ghosted GCR, both due to multipath effects
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20 It is herein further recognized that a step in the signal |eading edge
is desirable in a GCR signal in conputing ghost |ocations. As. previously
ment-i ohed, a (sin x)/x waveform provides particular advantages in a GCR
signal. 'Its flat frequency spectrum all ows accurate conputation of the
filter 25 paranmeters for .attenuating nultiple image effects as well as
conput ati on of the waveform equalizing paraneters. The characteristic
ripples of the (sin x)/x waveform howeverg along with other high frequency
conponents, are typically attenuated in a‘received ghosted GCR, both due to

mul ti path effects 30 -5- as well _as effects of ' ' l.on as
commonl y -occuf$ "Y‘Hl?‘ﬁ? ggeFEseQP@fﬁﬂ??i %ﬁ%’l%%‘%t&ér? Fg ﬁgﬁ.ﬂ#ﬁ@%%%gf@ ﬁgén&%fe‘ t he
wavef orm equa}izin r rs . .C be~sing i +f A e i iving

It is theref Oﬁé&gngugﬁm@%félgip les é?fﬂ gdece)mgﬁl@eﬁta@ (gyetﬁge{éﬁdr%?nen%uiarlllvzé%?i on
to provide anjipnhewed cah beWignifieantdy @eesdrf or reduction, or elim nation,
~of ghost inmages. It 1s another aimto provide a circuit and process for
reduction, or 10 - elimmnation, of ghost inages even. at |ow signal-to-noise
-conditions. It is still another aimto provide ' and tpr ocess_abl e

. it
to attai n5deghost i d ipathereioss.s OnEt#ith of BIFdeHTe i.?cflﬁgggl{glems of"thg CUFEenf o
a o Bt ovido B olrout and | on o hadion,
o ghost | mgdavention to iy yin ABPERR EfRuicr ind pbhes"Tor Yeafdh. 8k O
provide a cirgpili 8AonPoPERSS idlgBst® | o

N It is another aim to provide a circuit and process for teduction, or

10  elimination, of ghost images even at low signal-to-noise conditions.

It is still another aim to provide a circuit and process able to attain

- deghosting parameters within a short time.

15 It is yet another aim to provide a circuit and process for reduction, or

elimination, of ghost images, that is easily implemented.

It is still yet another aim to provide a circuit and process able to
N reduce, or eliminate, ghost images, without inherent information on the range

20 - of pre-and post-ghost signals.. -

... The successful implementation of :a ghost cgfnéel-ling system requires
that the transmitted NTSC signal.contains a training signal called a Ghost
Cancelling. Reference ._(GCR) signal, which can be examined by the receiver

25 to evaluate.' the mul'tipath' distortion suffered by the NTSC signal in the -
trarisfnission path. By comparinng_t-h_e received distorted GCR signal with a -

stored reference GCR signal, the receiver can configure an appropriate
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reduce, or elimnate, ghost inmages, w thout inherent information on the
range 20 of pre-and post-ghost signals. The successful inplenentation of
a ghost cancelling systemrequires that the transnitted NTSC si gnal
contains a training signal called a Ghost Cancelling Reference (CCR)
signal, which can be exam ned by the receiver 25 to evaluate the

mul tipath distortion suffered by the NTSC signal in the transm ssion path.
By conparing the received distorted GCR signal with a stored reference GCR
signal, the receiver can configure an-appropriate 30 -6- channel
conpensating filter to reverse (cancel) the distortion introduced in the

t ransni ssi chapeeltompenseting fidieg¢o reverse (Raarceh the distorsiogrintroduced ini the per i t
easy and fast 5. ., analysis by sinple receiver hardware of the entire range
of antici pdfa@§MHE PR PN distortions so that the conpensation filter
required to channel the distortions can be configured rapidly and
accurately. As explained in detail below, a conplete ghost cancelling

system i ncl udes TheLRd iSeRdebighal GUR! spyra® fifit \eill purasie saéyandlfaqr i thm
to meet this challenge. I0 A ghost cancelling system shoul d cancel, or at

| east $ gnighabai¥ by sirhpleuateeivérhhardvwaret of ahe nettirepadrigediodt antidipaedn t he
transm ssion of television imges. The signal to which the television
‘recei ver i snelyipath distorsions soutial yhe kempensaions filfarrequiced e ¢hanag! thee
ver ot her GhPFAOTS €2 R conGauTac Aty T dreuatelip R Srgjated in dea o
below, a complete ghost cancelling system includes a proposed GCR signal
and a receiver processing algorithm to meet this challenge. - -
10
A ghost cancelling system should cancel, or at least significantly-
attenuate, the effects of multipath distortion in the-transmission of television
itnages. The signal to which the television receiver is synchronized (usually
the direct signal received over the shortest path) is called the reference signal.
15  The signals received over other paths are thus usually delayed with respect to

the reference signal and appear as trailing ghosts.

It is possible, however;that the direct or shortest path signal is not the

signal to which the receiver synchronizes. Where the receiver synchronizes -
20  to a reflected (longer path) signal, there will be a leading ghost (or ghosts)
caused by the direct signél or by the direct signal and other reflected signals
- of lesser delay than the signal to which the receiver synchronizes. The
multipath signals vary in number, amplitude and delay time from location to

location and from channel to channel at a given location.

The visual effects of multipath distortion can be broadly classified in
two categories: multiple images and distortion of the frequency response

characteristic of the channel. Both effects occur due to the time and
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the reference signal and appear as trailing ghosts. It is possible,

however, that the direct or-shortest path signal is not the signal to which
t he recei ver synchroni zes.” Where the receiver synchronizes 20 to a

ref.l ected (longer path) signal, there will be a |eading ghost (or ghosts)
caused by the direct signal or by the direct signal. and other reflected
.signals of |lesser delay than the signal to which the receiver synchronizes.
The nul ti path signals vary in nunber, anplitude and delay tinme from

| ocation to |ocation and from channel to &ﬂdhnel at a given location. 25

o
characteristi cyfier @sorgtsagaede1aﬁ%ﬂhef @g@tﬁﬁpﬁsﬂﬂs Joith _E&Pamot[hgﬁfﬁegéné@

-7- anplitude variat nong “the mul “sPgnal s arrrving at the
-reception sitesigiflesret iefficidraly laegelethayvised] dffict rivilobspeied & sadiplevedpies
respect to the reference signal are sufficiently large, the visual effect

i s observed asofriletSame image o the televisiemdisplaygdisplaced dorizbaiallyi romdeagh ay
di spl aced horizontal ly fromeach 5. _other. Usually the. direct sjgnal . -

~ predoni nat®s oPMeR féallydhe;diresy signab predamingtes adg f@@evesru@ﬁém?ﬁ&mz%e

ol ari Ly Thea? b siRerd el hd i () ket ik IBPE. 10 Bl b RLEVinEC
ages. di Spl adky ior RECRRLTAR bRty CTHESt B RAGRRes HHIBRE Mosts S RES

i mages .- di spl a he reference I mage. . (
as | eadi ng ghosgigit0fimapes- OWbeh the Fe@siser synchronizes to a reflected signal, there

S ' will be ghost images displaced to the left of the reference image.” These are

10  known as leading ghosts or "pre-ghost” images.

The effect of multipath signals of felatiVely short delay 'wfuh respect to
the reference.s__igrial is di_s__to'rtion of the frequency response characteristic of the
channel. The visual effect in this case is observed as increased or decreased

15  sharpness of the image and in some cases loss of somc image information.

- These. short-delay or cl.o_se_-li-r}_ g_hosts. are most commonly caused by
unterminated Qr-incoffectly terminated radio frequency transmission lines such

as antenna lead-ins of Ca'b_lg_.:_tc_lev__isior{ drop cables. In a cable .telcvision

N\, ~ environment, it is possible to have mulfiple close-in ghosts caused by mﬁltiple
| 20  distortion taps and ;rnultip_l_é;__im_prope;ly terminated drop cables of varving
lengths. Such multiple closé_—in‘_ ghost_s{ar_é frequently referred.to as micro-

ghosts. -

The stratégy for eliminating ghosts._in a television receiver relies on the

25  inclusion of the predetermined training signal known as the Ghost C;mcélling
Referenc: (.GCR).. signal as part of the tfaris_mitted television .signal. This
signal, to be included in the _\'er;i.cial -.__b_-la_nking interval (i.e. "VBI") of the

television signal, will undergo the same multipath distortions as the rest of the
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The effect of multipath signals of relatively short delay with respect to
the reference signal is distortion of the frequency response characteristic
of the channel. The visual effect in this case is observed as intreased or
decreased 15 sharpness of the inage and in sone cases | oss of sont inage
I nformati on. These short-delay or close-in ghosts are nost comonly caused
by unterm nated or incorrectly termnated radi o frequency transm ssion

| ines such as antenna | ead-ins or cable television drop cables. 1In a cable
tel evision environnment, it is possible8e have multiple close-in ghosts
caused by nultiple 20 distortion taps and nmultiple inproperly term nated

drop cabl esgelevisicar signgl.| ¥hgtreseivéricin then éxdneinelthe alistortgd SCR sipnal it
frequently referred to as micro- ghosts. The strategy for elimnating
ghost s i n" seaedvesvand,owithecprioe knpwiedge ofnits perreet wavelipsmy sapreanfigune

redeterm ned traini si gnhal known as the ost, Cancelling Refetrence (GCR
gi gnal as BﬁrqdaBFllvFltfggqrréS’g%?ﬂtheﬂr ?bf‘%‘@? i 1gqnélr}(a§t_tenuppé.s i GHAipath E)e )

i ncl uded i Q. - vertid gal: bl ' | a . ' " . i si on
i gnal i I ioSF gdt 3haroRaSh i qHsksk G fenal St beflpibiint B2 55
-8- tekevi POSYIDR @a8kstattlie the VBN @refeiblytily on8 T Vididel andithidmainéCR
“signal it feceives and, wth a prior know edge of its correct waveform can
configure gre acepsanyeinfoimation forckeaeteiver taanadlyas the myttipathatisioytion
attenuate. the nmultipath distortion. It is inportant to choose a GCR signal
t hat occuphnaé configusegtcompensaing filier o nangek hedistoripr. VBl (preferably
only one TV line) and that contains the necessary information for the
receiver to analyze the nultipath distortion

According to one aspect of the present invention, there is provided a el

10  ghost cancelling reference signal transmission and reception system,

comprising: -

source means for providing complementary sequence ghost cancelling

reference signals having pairs of equi-length binary sequences;

15
means for providing broadcast signals by superimposing said ghost
cancelling reference signals upon television signals for transmission within
vertical blanking intervals of said television signals;
pd
20 means for detecting first aﬁd second components of said ghost
cancellation signal from said broadcast signals;
adaptive filter means for attenuating ghost images within said broadcast
signals;
25

means for generating channel characterizations by correlating said first
and second components of said ghost cancellation signal with waveforms of

corresponding complementary pair signals; and
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and configure a conpensating filter to cancel the distortion. According to
on€ aspect of the present invention, there is provided a 10 ghost
cancel I'i hg reference signal transm ssion and reception system conprising:
source neans for providing conplenentary sequence ghost cancelling .
reference signals having pairs of equi-Ilength binary sequences; 15 neans
for providing broadcast signals by superinposing said ghost cancelling

ref erence signals upon television signals for transmssion within vertical
bl anking intervals of said television sign@-s; 20 means for:
detecting first and second conmponents of said ghost cancellation signal
from sai d broadcast msagsdbs pogEgpI__ingesafd hdaptiveefilier feanstin elepandencegiporn

i mges W't hin said_broadcast signals; 25 nmeans for generating channel
characteri zat i 848 ohanpek ¢haracleRHgatenss fir st -and second. conponents of said
ghost cancellation signal wth waveforns of correspondi ng conpl enentary
pair signals; and 30 -9- neans for -configuring said adaptive filter
means i n dependence upon said channel characterizations. 5 For a better
under standi ng of the invention, and to show how t he same

5

For a better understanding of the invention, and to show how the same
~ may be carried into effect, reference will now be made, by way of example,

10  to the accompanying diagrammatic drawings;" in which:

. Figure 1 is a block diagram illustrating one example of an embodirnent

of a ghost-cancelling system in accordance with the invention;

15 . . Figure 2 is a ,.blqck-diagram' illustrating in grcater detail a portion of a

receiver of the e_rhbbc_l-imeﬁtf 'of_ Figure 1;

- Figure 3 is a two-coordinate graph illustrating one example of a
~ complementary sequenée of a ghost cancelling reference signal according to

20 the principles of the current inVcntion; ca

Figure 4 is a two-coordim;é hg'raph illustrating a second example of a
complementary sequence of a ghost cancelling réference signal accofding to
the principles of the current invention,; |



may be carried into effect, reference wll now be nmade, by way of exanple,
10 to the acconpanying diagrammatic drawings, in which: Figure 1 is a

bl ock diagramillustrating one exanple of an enbodi nent of a '

ghost -cancel ling Systemin accordance with the invention; 15 Fi gure
2 is a block diagramillustrating in greater detail a portion of a receiver
of the enbodi ment of Figure 1; Figure 3 is a two-coordinate graph
illustrating one exanple of a conplenentary sequence of a ghost cancelling
r.eference -signal according to 20 the y@inciples of the current invention;

Figure 4 is a two-coordinate graph illustrating a second exanple of a
conpl ement ary seHiguree5ofs a pho<oordinae! loraph riihatranee i Q’i@hgﬁ@cé’f'@ ng to
the principles of the current invention; 2 - 10 -" Figure s a

t wo- coor di né@eetgrapiofi 2| pedestali ofy aacomplerpentany sequened ghosofcancplitest al  of
a conpl enentary sequence ghost cancell.ing reference signal according to the
princi pl es 15?ex)1éﬁge glﬂqaiﬁf:g?r%fq e pynciples of thepguygent igvention;

two- coordinate graph illustrating an in-phase |linear correlator output for
an ideal channel; and Figure 7 is a two-coordinate graph illustrating

_quadr atgire corr efFapiueé 0%pélttﬁ@&o&'ﬂiﬁa‘i@%raﬁﬁaﬂﬁﬁkmgﬁgnélil? i%@}%égﬁﬂﬁﬁfged on

Conpl ement ary Seqience Ghost Cancel |1 ng Reference
these crit esoreelatoreoutputdoR #i igieal chanelj amd 2 and

Figure 7 is a two-coordinate graph illustrating quadrature correlator
output for an ideal channel. o
10
In the proposed Complementary Sequence Ghost Cancelling Reference
Signal, CS-GCRs based on these criteria, the CS-GCR signal for line 2 and
field 3, shown in Figure 4, is designed for minimum VBI line requirement,
is simple to adapt for deghosting NTSC television signals, and also suitable
15 for proposed Advanced TV systems. With conventional "pair-wise-constant”
signal processing, these CS-GCR do not have any inherent limitation on the
range of pre-or post-ghosts, that is, the ghosts indicated are unambiguous.
The main goal of a ghost canceler in the terrestrial broadcasting
20  environment is to remove the ghost images generated by reflections from
terrain features, such as mountains, and from man-made structures. such as
buildings, bridges, water towers, etc. A fairly simple signal, such as a 70
IRE 2T or (sin x)/x step, may be adequate for this purpose. However, the
GCR signal must perform in varying signal-to-noise conditions over a wide
25  range of pre-and/or post-ghosts and provide the deghosting parameters quickly

without ambiguity.
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field 3, shown in Figure 4, is designed.for mninmmVBI -line requirenent,
is'sinple to adapt for deghosting NTSC tel evision signals, and al so .

sui tabl'e 15 for proposed Advanced TV systens. Wth conventional
"pair-wi se-constant” signal- processing, these CS-GCR do not have any
inhérent limtation on the range of pre-or post-ghosts, that is, the ghosts
I ndi cat ed are unanbi guous. The mai n goal of a ghost canceler in the
terrestrial broadcasting 20 environment is to renove the ghost images
gener at ed’ by reflections fromterrain featldres, such as nmountains, and from

man- made structures. such as .buil dings, bridges, water_towers, etg. A
fairly sinple signaf\, DeWdpChEqye For. channs _C&ﬁr&c&rﬁwwﬁxf%@ﬁpoﬁﬁf aéganced

2 enal o noi SOrERAIE BB AR TR e e RO (K 00

and provi de t *@5?&%@%%%{:‘8 8&%‘&@&5& _9'F§h6§ﬂf. Yantel1Agbh rafdbact (@CR30signalA

new t echni.que aracteri zation tor proposed advanced conpati bl e

television (i.durif¥hé vértieatbaskinadintetvhP(ite. COBIOr ABcdpy ¢hthedBOResignal is
practice of transmtting a ghost :cancell ation reference (GCR) signal during
the'vertical . bitereli ay thevtreceiser,( and. is UBeY, toAexpei dic. eR8CBOR gioghahangels
stored at the receiver, .and .is used to extract, t.he ef ctiv&wﬁgg tschannel
_ i

paraneters vi PAARGICIHP Vg &éﬁm@#&e&.m#g&%%%&&%% e TREf 64984 on".
Che o oper | o CHUBL S vt ERMGRAPS Lt ELRSHA N 10 15
R ) S b o M i o

subsequently expa ehg Lrain :
~ Information theory, volume IT-7, in.April 1961, pages 82-87, and

10 subsequently-e_xpa-nded-_-up_on; by C.- C Tseng and C. L. Liu in
Complementary Sets of Sequences, in the IEEE Transactions Oﬁ Information
Theory, volume IT-18, --i'n-'Septembe._r 1_9_72, pages 644652. A pair of equi-
length, binary (£1) 'sequenceé_is said to bé-_complementary if the sum of the
linear autocorrelation functions of the sequences is identically zero for all

15 shifis other than zero, and provides a _high correlation gain at zero shift. Such

| _ sequenceé can be transmitted on the allotted VBI line in the appropriate fields,
along with pairwise cbnstant_"sign_als in the corr_espon'dihg_ fields of a basic

eight field sequcnce. To conform to the positivity constraint on the

~ transmitted signal:_fo'r_ NTSC compatible systems, each 'COmplememary
20  sequence is transmitted _oﬁ a pedestal.. At the receiver, the effect of the

- : -common constant signals. are ﬁr_st-:rémo.\'/cd_by- substraction, and the resultant-
signals are correlated with each _6f _thej-_twd’ complementary sequenc_es. The

“output of the _correlatofs are added to directly _I);ield estimat_és of the 'chanh_el

coefficients.

. Asan .example,_a-_péir of complementary sequences of length 640 is -

considered. These were constructed using the synthesis procedures described



Conpl ementary Sets of Sequences, in the | EEE Transactions On Information
Theory, volunme IT-18, in Septenber 1972, pages 644652. A pair of equi-,
| ength, binary ( 1) sequences is said to be conplenmentary if the-sumof the.
| i near autocorrelation functions of the sequences is identically zero for
all 15 shifts other than zero, and provides a high correlation gain at
zero shift. Such sequences can be transmtted on the allotted VBl line in
~the appropriate fields, along with pairw se constant signals in the
- corresponding fields of a basic eight -fi2td sequence. To conform to the
positivity constraint on the transnitted signal for NTSC conpatible
systens, eagy MONE eGolHyanyCafplenterenrgrSeeids publishedrin thedREN urgeesial . At
the receiver, the effect of the commmn constant signals are first renoved
by substr acOnohy‘oanatwmehe@ryulcu@dt abovgn fremasmallen cemnplardemarsh pairshobf t he

two conpl enent ﬁ;ﬁaégcef_. {The oyt put @%#E&g&grﬁ&g&&&g;@ added to

di rect:cy yllépg REANSIAT M- a
onst ruct Zd WEMTRY ke SHHIRRESReC: 4 E0HALA, /4 ST sgﬁ*l@‘@hai{%%sﬁdf‘e M
E. Gol ﬁﬁ”@‘?ﬁ%mdﬂ’ s Red or Y npﬁlxﬁe' NOthér b&% ERaRan pafs

| nf or ma |ont eory, C|te above, fro | er corrple ntary pairs o

| engths 10 gexirable ldrpths (@gsnT23i 800 etchpmmagdbee siositarip sdondreucteédped to yiel d
(ideally) a flat spectrumover a 4.2 MHz band. A raised cosine shaping
filter 5 wth 2%roll-off is used for this purpose. O her conplenentary

pairs of . .
Complementary sequences have two major advantages compared with

other advanced GCR sequences that have been proposed recently. Primary
10  amongst these are the so-called modified maximal length or m-sequences, also
variously referred to as pseudo-noise (pn) sequences. These are +1 sequences
of lengths N =2" - | whose cyclic autocorrelation is zero at all shifts other
than zero, and has a peak at zero shift. Pseudo-noise sequences, however,
have two significant drawbacks.
15
First, the restriction on the length of pseudo-noise sequences does not
allow full exploitation of the available duration on a VBI line, in terms of

simultaneously optimizing ghost delay coverage and correlation gains.

20 Second, the cyclic nature of the pseudo-noise sequence leads to
ambiguities in identification of pre-and post-ghosts. For example, a post-
ghost close to the maximum delay will appear (falsely) as a pre-ghost. Any
attempts to cancel the latter will lead to performance degradation. The
complementary sequences have no such drawbacks since (i) their lengths are

25  not limited to N =2"-1, and (ii) channel characterization is performed based
on linear and not circular convolutions. Hence, these are able to provide

superior de-ghoster performance in terms of longer ghost delay coverage and
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desirable Il engths (e.g. 720, 800 etc.). may be simlarly constructed.
Cohpl enent ary sequences have two nmmjor advant ages conpared with other
advanced GCR sequences that have been proposed recently. Prinary 10
anpngst ‘these are the so-called nodified maxi mal |ength or -msequences,
al so variously referred to as pseudo-noi se (pn) sequences. These are 1
sequences of lengths N =[err] - 1 whose cyclic autocorrelation is zero at
all shifts other. than zero, and has a peag at zero shift. Pseudo-noise
sequences, however, have two -significant” ﬁambacks. 15 First, the
restriction on the | ength_ of pseudqg-noi se seguences Poe not .allow full
expl oi t at i on - dhe apidity {QMaiBRE ‘iﬁfl@‘rﬁﬁi ShrRngENgon (%P{E,S qtio‘f’SY $ignglrto-noise

si mul t aneously optim.zi ng ghost del ay coverage and correl ation gains. 20
‘Second, the cﬁé?lgccoﬁgfzqﬂlg'of t he pseudo- noi se sequence | eads to anbi guities
in identification of pre-and post-ghosts. For exanple, a post- ghost close
to the maxi numdelay will appear (falsely) as a pre-ghost.. Any attenpts to
cancel the latter Vleﬂnillcljg«‘&ﬁ)v& Qo npef drawengs dediedatcuninshobe inoRigureeht ary
sequences -have no such dr awbacks since (1) their lengths are 25  not
linited t@ N plevisiod fransmittéri 3, suichrasel telenisigothsordeast HansmitEas; AbFoupiedased
on linear and not circul ar convolutions. Hence, these_are able to pr.avi de _
superi or de- gHosar ANKIHRo AnfiTc Hansmitings2 Jeley iR Sightbst ?‘\1&%8;‘“&695‘?1@ e and .

0 e o i3 URrERe SO oA, USRNG5 s 0%
transmitter 2 a ghost cancelling signal (i.e. a predetermined training signal
e known a.s- a Ghost Cancelling Reference s.ignal, or "GCR").” The Ghost
| 10 Cancell_i_ﬂg Reference is iné_luded, within the vertical .blanking interval of the
- television signal transmitted via antenna 4, and received by antenna 8. The
Ghost Cancelling Reference signal included in the vertical blanking interval
of the transmitted television Signhi will undergo the same multipath distortions
as the rest of the television Signal. e
Receiving antenna 8 is c':'oupled to a television receiver 10. A deghoster
12, shown in greater_det_ai_l:in Figure 2, attenuates, or eliminates, ghost
images to provide a "'deg'h'osted" video signal Vpg, while a synchronizing
~ signal separator and clock generator 14 provides field ID, vertical line count,
20  horizontal synchronization and 4f. clock signals. Within receiver 10, the
- composite video signal is conv_ert%d into a digital signal: by ahélog-to-digital
converter 18, and applied tQ a ghost"cz'_:m'cel.ation 'réferqnce signal acquisition
_ stage_ 20 and to a compensating-d¢gﬁosting filter 22. Compqnénts Sy and S
derived by acquisition stage ."20_'are correlated in accordance with a linear
25  convolution described m Tableéu_:lmaﬁd Il, below by correlator 22, with
respective parts of the cémplcé;rhpﬁtéfy pair of signals S, SC stored in a
" memory, such as a PRC'M"';ZZl,"t_Q "pro'vide' a channel characterization. The

.channe! characterization is received by controller 26, and applied to configure
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Turning now to the drawings, in the circuit shown in Figure 1, a 5
television transmtter 2, such as a television broadcast transmtter, is
coupled to an antenna 4 for transmtting a television signal. A-ghost
cancel ling reference signal generator 6 is coupled to transmtter 2, to
.supply to transmtter 2 a ghost cancelling signal (i.e. a predeterm ned
trai ning signal known as a Ghost Cancelling Reference signal, or "GCR').
The Ghost 10 Cancel ling Reference is included within the verti cal

bl anking interval of the television sitddad transmitted via antenna 4, and
recei ved by antenna 8. The CGhost Cancelling Reference signal included in
t he verti calontpenshiing deghostimg fiifert2i: to caneeti distodtion |duei to ghosti gnageswi | |
undergo the sane nmultipath distortions as the rest of the tel evision
signal . 15 rreeivediwigh dhe ¥idee 92nal. coupl ed to a tel evision receiver 10. A
deghoster 12, shown in greater detail in Figure 2, attenuates, or

el i m nates, ghost inmages to provide a "deghosted"” video signal VDG while a

syneh oni 21 ng siel o3RRIy B EhBC BRI RaRLARId RAAUEESida d 1D

vertical line co ori Sy roni zation and [err]

signal 5 Wshbivh inetei Figtrek0, Itifcomplapelyi describetb with theahrdessignaly showd i nto a
digital signal by analog-to-digital converter 18, and applied to a ghost
cancel at i onnrEigaremde 4sangh 4l - HoesOsi andh 1strespeciyelynd Rigure 3 aepraseatsi ng

deghosting filter 22. Conponents [err] .and [erl] derived b i gition

stage 20 arfieldol and dtigure 4 18prase ré%llva’t‘ﬁhﬁe H‘ &rg ggpresg{;g%?&q rg-o(ﬁ

described in Tables | .an bel. o ok el ' L. tive

parts of tH¥8&2 Hf)ﬁ’é‘r‘fé%taé’%yiaail?os tI"y%s Pgﬁséfs ’lgl% @é%tiogﬁxgdyﬂo% uﬁjﬁgﬁgps such

as a PROM LOMI th‘np ' h Q8. ;

characteri ?ﬁg}l{é% :F)s? ﬂpgggrle@g@ y %ﬁ?ﬁﬁéﬁ%@gﬂ%%aﬁgpﬂﬁﬂ?ﬁ t|egur e ?:(-)’
10  on a pedestal to conform to the positivity constraint on the transmitted NTSC

television signals. The pedestal is shown in Figure 5.

The CS-GCR signal shown, is basically a four field sequence signal
occupying one TV line in the VBI per field. An eight field sequence, as

15  shown in Table I, may be used for the "pair-wise-constant” signal processing.

TABLE 1
20 FOUR FIELD | BURST | FIELD | EIGHT FIELD SEQUENCE
Test Sig Phase # SC-GCR
S1 + F1 GCR S
S2 - F2 26 IRE Pedestal
25 S3 - F3 “GCR SC
—
S4 + F4 26 IRE Pedestal
S1 + F5 26 IRE Pedestal
2 ] F6 GCR S
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i meges received with the video signal.

cancel ation re

‘and 1,

ference signal

is 5

14 - conpensating deghosting-filter 22 to cancel

distortion due to

ghost

The -conpl enent ary sequence ghost

_ shown in the Figures.
described with the three signals shown in Fi gures 3, 4 and 5 -
respectively. Figure 3 represents field 1 and Figure 4 represents

It is conp

i nes

letely
0, 2

‘field 3, while Figure 5 represents fields 2 .(a negative burst) and 4 (a

positive burst

).

conpl ementary sequences which are transniti®d 10
to the positivity constraint on.the transmtted NTSC tel evision signals.

on a pedest al

The wavefornms shown in Figures Figures 3 and 4 are the two
to-conform

The pedestal if sho 4N Figure 5.:The - GCR si gnal is basicalfy a
four field seq encewgs gnal o¢cupyi ng lone" TV lfi ne i nﬁﬁﬁg&edﬁgﬁ field.{ An
eight field sefjuence, as 15 | shown iln Table {I, nmay be used for the
"pair-w se-conptant” signal processi rg TABLE 1 20 - FOUR FI ELD  BURST
FIELD  EIGAT FI ELD SEQJENCE Test Si( ‘PHase .
SC- CCR S1 =t 6ER-S—S2
F2 5 g6 IRES?ledesta 25+ ‘F8 S GCR SC F3
- GCR SC 4 ¥ FZ 2 Pedgestar _Sr +
F5 W% | RE Pedestal S2 TR GGR S: Part of CR S
30 ' complementary pair
' signal
GC_R- SC: Other part
Ny of complementary
signal




- 15 - S8 T F7 26 | RE Pedestal 5

4 + F8 CR SC GCR S: Part of :
conpl ementary pair signal GCR SC. Qther part of conplenmentary signal - -
16 - TABLE Il SC-GCR Processing Algorithm Sgl [(F1-F5) + (F6-F2)]/2, Sg =
Sgl*S 5 Sgcl = [(F3-F7) + (F8-F4)]/2, Sgc = Sgcl *SC .
Channel Characterization: (Sg + Sgc)/2 *: Linear Convolution 10 TABLE |11
Check: BURST: ({+ - +} + {--(-)}) =0, ({--(-)} +{+- +}) =0

- 16 -
TABLE 11
SC-GCR
Processing Algorithm: Sgi = [(FI-F5) + (F6-F2)]/2,
Sg = SglI*S
5 Sgcl = [(F3-F7) + (F8-F4)]/2,

Sgc = Sgcl*SC

Channel Characterization: (Sg + Sgc)/2

B *: Linear Convolution ~
10
TABLE III

Check:

BURST: ({+ - +} + {~-(O)D =0, ({--()} + {+ - +}) =0
15 Prev. Line Test signals: ({SI-SI} + {S2-8S2}) =0

({S3-53) + {S4-54} =0
The range of the CS-GCR signal is mostly between -10 and 80 IRE

with the pedestal signal of 26 IRE. The level of the CS-GCR signal, that is,
20  the pedestal in conjunction with the peak to peak level of the two
complementary sequences, displayed in Figures should be optimized for the
television transmission environment.” For example, with the expected ghost
levels, neither the negative excursions should adversely affect the television
synchronizing circuits nor the positive excursions should cause an
25  unacceptable over-modulation. The pedestal value can be raised or lowered
based on the results of the field and lab tests without affecting the intended

function of a GCR signal.
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15 Prev. Line Test signals: ({S1 -S1} + {S2 - S2}) =0 ({S3 - S3} + {S4-
S$4}" = 0 The range of the CS:CGCR signal is nostly between--10 and 80 | RE
with the pedestal signal of 26 IRE. The | evel of the CS-GCR signal, fthat
i's,, 20 -the pedestal in conjunction with the peak to peak |evel of the two
conpl ement ary sequences, displayed.-in Figures should be optimzed for the

- television transm ssion environnent. For exanple, with the expected ghost
level s, neither the negative excursions should adversely affect the

t el evi'si on synchroni zing circuits nor the- pdsitive excursions should cause

an 25 unaccept abl e -over-nodul ati on. The pedestal value can be raised or
| ower ed based on t hdhee€SH-GER signad is piacgdainda VABI tisst sItvistdrsaribed fye 768g

the i ntended functjon of .a ignal . 30_ - 17 - The CS-GCR signal is
pl aced in a VBPFAIMPt .Oqoilfsd elgggsfiﬁq%@eywﬁ%é #658PdS of [err] cl ock
frequency, [err] 53.3 [err]. The CS-GCR signal is designed for a flat
spectrumto 4.- 18 nega-Hertz. 5 Wi | st “this design uses a conpl enentary

sequence pair of le AR it 8695 8 4SDePRuq '€ 18 Thevs nces
are placed on a pedgg%§§ﬁ§%%%lelgsgﬁgﬁ§e§{gri%eds’%gbove,t%ané are Here
appropriat 8ly NWomilstabss Hedipaneds acdnepleinéntaryegguelcd gait @fnteagth\GAEY, sihgnal
specifications. The resulting sin X/ x shape of the sequences I ncreases the

length of the tmgthsearaialgoypessiblencdietsequencesgateapkaced Huna epralestahdor the
fil tgr ed < Gcll%aséiogg aclesi:,rsibécf ra%]ogg,' g 3 r_arrlfe alp%r}g;’)rigt% y [18\2;_ ___as%aﬁﬁéfe%' to =4.2
- mega-Hertz to meet NTSC signal specifications. The resul-ting sin X/x shape
ad of the sequences increases: the length of the complementary sequernces to

10 greater than 640. The filtered -CS-GCR signal is =53.3uS lorig; 763 f,,

samples.

R Thé proposed CS-GCR signal. can be placed on any VBI li_né. The

signal content of other VBI lines either previous or subsequent to the VBI line

15 containing the CS-GCR sighal-should be.constant in the sense of "pair-wise-
constant” signal' processing. - ';Extended deghost_i_hg range with this CS-GCR

signal is d-ictated— by these VBI lines. -The transmitted sequence is shown in

Table I.

20 The ghostéd complementary pair of the CS-GCR signal is received and
acquifed in a-television re_cciVer'.__ “The _effects of the pedestal signal are ﬂrS_t
removed by subtraction of the équivalent'pédestal value from ea_ch of the
sequences. Ezich of Lhe'resultant sequences is linearly -correlated_ with its
respective (complementary) Sequencé . The linear correlator outputs are added

25 - to directly yield a ghosted channel characterization.

30



The proposed CS-GCR signal can be placed on any VBI |ine. The signal

content of other VBI lines either previous or subsequent to the VBl |ine 15
contai ning the CS-GCR signal should be.constant in the sense of "pair-w se-
constant” signal processing. Extended deghosting range with this CS-CCR
signal is dictated by these VBl lines. The transmtted sequence is shown in
Table |. 20 The ghosted conpl enentary pair of the CS-GCR signal is
received and acquired in a-television receiver. The effects of the pedestal
signal are first renoved by subtractiongaf the equival ent pedestal val ue
fromeach of the sequences. Each of the resultant sequences is linearly

correl ated w t h The chemed Ghaya1éS 24TIIre e el Ysed S@OEGHHRte ﬂéedééﬂlﬁﬁhg
cor-relator outputs are added 25 to directly yield a ghosted chanfiel

char act er i pararoaters0 An adapive- ghiise camcelladbnshaubicbe pianmied ao acsoteforused t o
conput e the de aosti n araneters. An adaptive ghost cancellation should be
pl anned totl&%é‘g ﬁtrapgf?OE;ggow ERVIFIHBRNef ghost environnent. 5 The
ghost environnment shows that generally a ghost is spread over several
hundred nanoseconds. The filter structure, as well as the ghost paraneter

conmput &t i ons, t | t od C . Lafinjte
i rrpmal sgt responszllq?:i F'?g?[ g‘?ﬁﬁ%ﬁ%@@‘%ﬁe er?ég%}?l(l)‘@?aggg%t IB%H-C%G“REH—

ghosts. Howeveral lamdre® fanobesonds. nathes figey stauchireenisabwll BS MEecRbRst s and
to i npl ement the waveformequalizer. In order to sufficiently atfenuate the

ghosts, th@srameter ®OsIEHaions, Hakee this Ighostespraadraspecsfintol accounan t he
I nput/ out put '
An infinite impulse response filter structure is preferred 1o cancel post- ~
10 ghosts. However, an FIR filter is necessary to attenuate the pre-ghosts and
to implement the waveform equalizer. In order to sufficiently attenuate the
ghosts, these filters should have a larger number of bits than the input/output
signals. Hardware may implement the filters with nine-bit precision. A
“hardware decoder operating at 4f,, and meeting the specification for the post-
15  ghost range of 45 useconds, will require a finite impulse response filter
having at least 650 taps. Rather than implementing such a long filter, it is
preferred to adopt an architecture that uses both an infinite impulse response
filter and a finite impulse response filter requiring fewer taps. surrounding the~
locations of each ghost to be cancelled. This approach, although it limits the
20 number of ghosts that can be cancelled, is better suited for a consumer
product.
To provide synchronization separation, and clock generations, the in-
phase signal component is utilized for deriving horizontal, vertical, and field
25  synchronizing signals, as well as other necessary gating pulses such as the
burst gate to generate the burst locked 4f, or 8f_ (14.32 or 28.64 MHz)
digitizing clock, and a clamp pulse for setting the dc levels of the video to the

A/D converters.
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- signals.. Hardware may i nplenment the filters with nine-bit precision. A

har dwar e decoder operating at [err], and neeting the specification for the
post-- 1% ghost range of 45 [err], will require a finite inpul se response
filter having at |east 650 taps. Rather than inplenenting such a |ong
filter, it is preferred to adopt an architecture that uses both an infinite
|npulse response filter and a finite inpulse response filter requiring
fewer. taps. surrounding the | ocations of ﬁiéh ghost to be cancelled. This
“approach; although it limts the 20 rr of ghosts that can be

elled, is bett i ted.f. t
gancelled, 15 bette %ﬁé%ﬁlﬂ&%’ﬁ@??ﬁﬁ%s“@&?ms- IR T -
|,
comenent 1 it 8 Rpefe V40, Rorta ok obigsel. RO Sl S

burst gate to Bﬁﬁbﬁéﬁstlﬂﬁstb% S'E»reé&ﬂﬁﬁ‘i’oﬂe‘%i"'rﬂor%e[&fm]co(n%r@? or h@t81564hé/|'|2)

digitizzing clock, "and-a clanp pulse for setting the dc levels of the vid

to the A/ D convileomomp@ient musiBe apprdprintely gmplHiedy doﬂe\ldimﬁued;alndmmpetm
conponents, only the inphase video conponent .is used to attenuate the
ghosts. - The gfﬁst@cﬁ%ﬂéﬁéﬁ/&ﬁ@@mm@ nust be "preconditioned" for the A/D
converter. That is, the video conponent nust be appropriately anplified, dc
| evel shifted and cl anped 5 for the sel ect ed'A/ D converters. A ghosted
signal is the sum of f o g o, ReN
- various (I ower) arrpfA gﬂgsetéaasﬁgﬂplhgs@g %n@gg} he eg(a ?d%ﬁ mrﬁ éﬁos‘?éd
components of various (lower) amplrtudes and phases. Hence the deghosted

N version will be of lower peak-to—peak amplitude. Thus the eﬁecnve number

10 of bits of the.deghosted-srgna_l ‘will be lower (cornpared_to drgmzmg an equal
peak-to-peak amplitude ?.u'n'crhost'ed video signal). - This factor must be

considered in selectmg the. precrsxon of the A/D converter 18. The linearity

of the A/D converters is- extremely rmportant for good deghostmu

performance and must be_c_qmmensurate with the precision chosen. Currently

15 . implemented har_dwareﬂ_-ri_'ses___.__"ter_r—.b_.i_t TRW _.A/_D converter, out of which only
nine-bits may be used. " | |

The hardware for the final | deghoster. product will have a

N Mmicroprocessor as _confrolle_'r 26, and asseciated required memory in the form

20 ofRAMsand ROM_s_f_or irin'p.lcr_ne_r'l.ting the software and -s__tbr_ing necessary data

such as the reference CS-GCR signal, speciﬁe filter coefficients, etc. Present

softwere, without optimizatien,_-requires- =~ 100 KB memory but may be

expected to be reduced signiﬁcaiﬁtly.' It interfaces with an AMPRO system.

25 .The VBI lines with the ghosted CS-GCR signal components_f‘rom an
eight field sequence are -;_apprqpr_iately gated, retrieved, and algebraically
. processing to provide .tw_o's.ig-na_l-s._-_T_his.g_hosted.CS-GCR signal data (two

arrays) are then processed ;d ‘compute the ghosted channel characterization.
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version will be of |ower peak-to-peak anplitude. Thus the effective nunber
10 of bits of the deghosted signal will be | ower (conpared to digitizing
an equal peak-to-peak anplitude unghosted video signal). This factor nust
be considered in selecting the precision of the A/D converter 18. The .
linearity of the AAD converters is extrenely inportant for good deghosting
“performance and nust be commensurate with the precision chosen. Currently
15 i npl ement ed hardware uses ten-bit TRWA/D converter, out of which only
nine-bits may be used. The hardware fer20the final deghoster product wll
have a m croprocessor as controller 26, and associated required nenory in
the form20  of TiRANthostedl RBdhnélochamiptesivatibhni tahelyzedt warcongide Siher i ng
necessary data such as the reference CS-GCR signal, specific filter

coef fi ci entdeghesiing parneiersfortthapest-ghesisupreoghasss and aorequakigen fiker. 100
KB nmenory but may be expected to be reduced significantly. It interfaces
with an AMPRO system 25 The VBl lines with the ghosted CS-GCR

oLl comonent gy SRl 805 TS e A BrBRR GBY B Ak
ghost eds CSGORIR| AeY iglased (oienciéaling ghost LHeIEIYsR eamibationCORpUne the

ghost ed channel characterization. 30 e ghosted channe

char act er i Zatplementatianaltiie €flR dileonfolliosvst the HdY Hieri ndThisrcadet és syuier t he
post - ghosts, pre-ghosts and_an equalizer filter. An [IRfilter is used to
attenuat e timportagdisiaceynoe tftlterpwsll cgease tths other type ofin lguallyr'i genarated used

for the |eadin pst re-ghosts) attenuation. In an
g osg \%puc re( uire %]aptwe)cancel?atlon.

10 In waveform equalization, the correlated (sin x)/x response is examined

and an appropriate waveform equalization FIR filter is computed.

The CS-GCR signal itself does not place any inherent limitation on the
ghost range. The deghosting range is completely dictated by pair-wise-
15  constant VBI lines. Necessary range of the ghosted data must be captured to

characterize the channel.

The CS-GCR signal, without any pair-wise-constant VBI lines, has

= [2uS range for the post-ghost attenuation which is equal to the front-porch,

20  sync and burst duration. With the CSGCR signal on VBI line 18 (like BTA).
the deghosting range will be =75uS (63.5uS VIR 12uS of sync & burst

region).

The deghosting hardware for cancelling the lagging ghosts (IIR filter)

25  is based on the concept of implementing the or each ghost. This approach
allows receiver manufacturers to tailor their product lines in accordance with

the number of ghosts to be cancelled. The range of the ghosts is not limited:

only the number of ghosts to be cancelled within the range.

30



i npl'enentation, the FIRfilter follows the IR filter. This order is quite
~inportant since one filter will create the other type of "locally" '

gener at’ed ghosts which require adaptive cancellation. 10 In

wavef orm equal i zation, the correlated (sin x)/x response is exan ned and an
appropriate waveform equalization FIRfilter is conputed. The CS-GCR signal
itself does not place any inherent linmitation on the ghost range. The
deghosting range is conpletely dictated by_pair-w se- 15 . constant VBI

| i nes. Necessary range of the ghosted'.dat'a?- st be captured to characteri ze
the channel. The CS- signal, w thout any pair-w se-constant VBl |ines,
has [err] 12[err] rg%ghﬂéwafﬁ@f&%t%mfg@eﬁ taden eopyidertion Wil bgwable (@
the front-porch, 2 nc _and. bur st .duration. W.t CCR_signal _on_ VBI
| ime 16 (11 ke Banel up B BT RORIGAT iy el Jhorision s RsdiSpaiity
VIR 12[err] of o\ ctel N ( | r N I ng
t he | aggi ng ghggﬁgﬁz,ﬁu%}l? |ﬁ‘fl ts_’g%lﬁ%)ostsi.:s?ggggm# tg ﬁ%ﬁ}%‘%ﬁtg@p@ Jg%'r d E306ER _

i npl ement i ng t bignal, éaefmieasthe dédree afpspraad: for leavh girgeiavdr digaititesthe er s
totailor their product lines in accordance with the nunber of ghosts to be

“cancel | ed. 5SThedeghastingf parameggrosiceoidinglyt 1inited: only the number of
‘ghosts to be cancelled within the range. 30 . - 21 - The hardware of one
enbodi ment under consideration will. be able to cancel up to nine individual

host o. The sof twar S angD cngh St RE ArRARReR of BRldUAE i e LTSS

Lagging ghosts outside this delay range will not be cancelled. '

10 The CS-GCR signal is such that the software can compute the locations
- and magnitudes of lEa_di_n_g ;eéhoes .siOuS (burst+_syhc+from-porch). The
‘hardware is being désigr_l_éd.-.to. attenuate all leading echoes using a 128 tap FIR
filter. The 'ra'nge'_Will_' depend on the number of leading ghosts. Leading
echoes which are outside this range will not be cancelled.

. 15 | -- - :
- . The maximum "gho_st Iev'e_l“-is expected to be at least 6 dB below the
~ reference signal_‘(D/US—G 'dB).. The software computes the deghosting
parameter for even larger ghosts. The hardware can attenuate only ghosts
~ which are 6 dB. or more below the -reference signal. 'The_ maximum ghost
20  level is not limited by_the ability of the software to compute the deghosting
parameters but is limited Iby.the:__pfc__r_tbrmance of the hardware. including t'he_'
circuit for deriving sync_hr_oni_zing_ signals, gating pulses, etc. in the ghosted -

environment.

The minimum ghost level to activate the canceler can be specified in

N
(9]

the form of a threshold. It is presently set to =30 dB betow the reference
" (D/U<30dB). The software computes the deghosting parameters for all the

ghosts above this level and downloads to the avéila_ble hardware.
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signal, determ nes the degree of spread for each ghost and distributes the
5 deghosting paraneters accordingly. The delay range of one enbodi nent of
hardware will be [err] 75[err]. Laggi ng ghosts outside this delay range .
will not be cancelled. 10 The CS-CGCR signal is such that the

. software can conpute the | ocations and magni tudes of | eadi ng echoes [err]
10[err] (burst + sync + front-porch). The hardware is being designed to
attenuate all |eading echoes using a 128 tap FIR filter. The range w ||
depend on the nunber of |eadi ng ghosts22leadi ng echoes which are outside
this range will not be cancelled. 15 The maxi nrum ghost |evel is expected to

be at |east 6 dBAHerward deghestingecorepi glaws (thé Hatdwide o BBailorbdefoyof t war e
conputes the deghosting paraneter for even |arger ghosts. The hardware can
attenuat e dhe ynujnben of \glhosks o descarmeled mancerdiagoin rengiverf manntactsiegnal .

The maxi mum ghost,. 20 | ev is not . limjied by the ability of the software
to corréhteﬂr Ut itoRianh andyer MRE’EP?OST?E?@“?' ml{ima"fﬁfetm%“mmﬁce of

gat 1 ng. put 402 CAfcel 0 ARl Blbes o 8B shdb BREET oM =13 DO T

ghost lsevel to activate the canceler can be specified in the formof a
threshold. It. is presently set to [err]30 dB bel ow the reference

(DU err] 30 dB).Thikeparafretar is depgndeas drhehel YR sof e prcaniigeholed al |
112,91 siamal ® Theoretical computations indicate that & ghost is atienuated below
<40 dB. The software may be improved for c.onsiétently high ghost
attenuation.
10
Ideally it should take =0.125 second to capture an eight field sequence
of the CS-GCR signal. It may take longer with current implementation. Thus
the first step to generate and download the initial ghost parameters typically
requires =2 seconds. The second step which involves analyzing the sin X/x
15  response to compute the waveform equalizing filter should take an additional
0.1 seconds. Therefore, the total time of a current implementation is typically

about 2 seconds.

The total time for the deghosting algorithm is comprised of a fixed

20  portion and a variable portion. The fixed portion is associated with the signal
acquisition, signal analysis, and equalizing filter calculations. The variable
portion is associated with analyzing which individual-ghosts to cancel and also
depends on the total number of ghosts to be cancelled. In one embodiment,

the fixed portion may be =2 seconds. The variable portion may be almost

25  insignificant except for a very low S/N condition.

A significant improvement in the picture occurs when the first step of

the process is completed. An additional improvement occurs when the second



A forward deghosting concept allows the hardware to be tailored for the
“nunber of ghosts to be cancelled according to receiver manufacturer product
| i ne'plfans.and/ or narketplace | aboratory. Hardware nentioned above may
cancel rine individual ghosts or fewer spread ghosts. 5 This paraneter is

- dependent on the SNR of the incomng ghosted signal. Theoretical

conput ations indicate that -a ghost is attenuated bel ow < 40 dB. The
software may be inproved for consistently_Qi gh ghost attenuation. 10
ldeally it should take [err]0. 125 second“to capture an eight field

sequence of the CS- signal . It . take |l onger, w.t h current o -
ol enrent at | ot ePTTRIGOE HEA YOS CgalAHO LS FORRIE et o B3 ITBAEVEED S, PR
ghost paranet efs i e ].2 seconds. The second step which
“invol ves anal ﬁlel ﬁé%@kgﬂésljll ﬁcwﬂ%ﬁdpgg%onse to conpute the ‘waveform :
equalizing filter should take an additional- 0.1 seconds. Therefore, the
total tine of a current inplenentation is typically about 2 seconds. The
total time for the Eghplary embodgmentsiofithe cuorent imention ave beed @Scribed
portion and a variabl e portion. The fixed portion is associated with the
si gnal acdui siabpye, ¥agaus chergessans medificaiioasiwilhbe Rpparent o thoseaskidgd.

o cancel  and 131 96 SpEndIch FHETHSRS  RARAXETBRe o UGIS (e ASamir: dipad.
| 2mbodi g i xed noki : ] . Eh |

por t1 on rmy baehrrally fejate B RPN sfiink g Shilljise SEEABAC (nE GFRFLATS®
condi tion. A stsHily kpghéabléRs @théf%gkteirﬂk AP sRhGANISE iIGding thBePATL hestdm St

step of the process I's conpleted. An additional i nprovenment occurs when the
second 30 and so forth. It is intended that the invention be applicable to transmission by

10 . way of fadi_o_wave as well as by cable transmission. 'Furthermore. various
- time intervais are u_Sed in'the examples given, and while such time intervals
serve to illustrate the .princi_plés underlying the invention, various changes may

be made without changing the basic operation. Such changes and the like are

intended to be within the scope of the invention.



-23 - step for the waveform equalization is conpleted. These inprovenents
"snap in" rather than occurring gradually. Exenplary enbodi nents of the
current invention have been described 5 above. Various changes and-
modi fi cations will be apparent to those skilled in the art to which it
pertains. For exanple, while the exanples used generally relate to the
NTSC system as will be apparent, the invention is readily applicable to

ot her systens and standards, including the PAL systemand so forth. It is

i ntended that the invention be applicabpg-to transm ssion by 10 way of
radio wave as well as by cable transm ssion. Furthernore. various tine
intervals are used in the exanples given, and while such tinme intervals
serve to illustrate the principles underlying the invention, various
changes may QIcAEMI® wi t hout changi ng the basic operation. Such changes and
the like are intended to be within the scope of the invention. 15 - 24 -
CLAI M5 1. A ghost cancelllng reference signal transm ssion and reception

Ghost tancelt | ng A EhErARELEg 1aTaecs Mg BB AR RERRHGH e, "

S€qUeNcss:  comprising:

source means for providing complementary sequence ghost cancelling

reference signals having pairs of equi-length binary sequences;

10 means for providing broadcast signals by superimposing said ghost
cancelling reference signals upon television signals for transmission within

vertical blanking intervals of said television signals;

means for detecting first and second components of said ghost

15  cancellation signal from said broadcast signals;

adaptive filter means for attenuating ghost images within said broadcast

signals;
20 means for generating channel characterizations by correlating said first
and second components of said ghost cancellation signal with waveforms of

corresponding complementary pair signals; and

means for configuring said adaptive filter means in dependence upon

25 said channel characterizations.
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10 - means for providing broadcast signal s by superi nposi ng said
ghost cancelllng reference S|gnals upon television signals for transm ssion
wi t hi-n“vertical blanking intervals-of said television signals; neans for
detectlng first and second conponent's of said ghost 15 cancel l ation
sigral from said broadcast signals; adaptive filter neans for attenuating
ghost inmages within said broadcast signals; 20 means for
generati ng channel characterizations by correlatlng said first and second
-conmponents of said ghost cancellation S|gﬂ§r'mnth wavef or ns of
correspondi ng conpl ementary pair signals; and nmeans for configuring said
adaptive filter nmeans in dependence upon 25 said channel

h yal l
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