. xye3en8j "6T8FK*2 g A U G 2002 ,. |W1Awll~ Miltiple QAM Digital2 F&U&vi% on
Si gral Encoder This invention concerns a digital hi | on tel evision
(HDTV) signal encoding systemusing nultiple quadﬂmﬂm i tude

nmodul ated (QAM signals. In particular) this inve cerns a
prioritized dual carrier QAM encoding system of the tyf@d%described in

Eur opean Patent Application 92904743.9 (US patent application Serial No.
650, 329 of H E. Multiplil | @A NebDipival. T isivi S h)FﬂiuF%Fheaabdt»,rlzz 875

1~ Raychaudhuri et al issued June 16, 1992. In a QA nbol transm ssion
syst em of the type disclosed, a transmtted data synbol I's represented by

both "I" and "Q' éﬁhaﬁrlatvunnonotrmmm;tsa whgithl foghl defanitimgpdekeivisioguadr at ur e
p][tasecrirb c?rrl qmnﬁqctt AUMGIc odhy; mSﬁsﬁ%vemtlpt)ét%&a&r&heMlii {tu"bgr ]
of synbo iC i etc. Eac
synbol is rrat%@a)l §§sm‘?fé%§3‘°f‘o{9 s% I%‘c&{af%ﬁm Nih‘rsom ERLOFy ant

grid-like corsmnebirat aopriositizgd adbvadokamrert AM (eacgdinga siRElen of pheescri bed

nunber of sy e’Sd‘é%%&‘@)éeés%gﬁ%ﬁé;ﬁ@%’d{brﬁé‘%ﬂﬁ%@% 9b@oa738 §AM
systen) each guadr ant of conste] l ati on contains elégg‘x E’X nbol s at
e

prescri bed co(djrsdlpﬁ‘%é@ G\PPPtlF’%Eb‘é‘&tS‘%’bl%é‘H?at% 3290 iE€rtain
synbol bits deSiegh@@edruheycopsiedi ptawd paal andtdnt Bhilelz ,87syrbol is

| ocat ed) @nd lfa g]%[b&hg%&segﬁ%igggﬁﬁ htﬁ.u? rfé Cgtéyz coordi nate in that
2

guadr ant ~assi grte of t his eneral type are
wel | known. WitelBnd Whmhet .trzetsnasswaegx&tmeogswec ¥pofdigeleged,em
wherein a telesisaiitsd odah §ﬁﬁb§5&§1tﬂ ?ﬁcd&hﬂé’d Ibmttl‘an andgeQ” nf or mat i on

Vo't of ovi si ipadafit] EBmpOnnat [uiicn RSBty RepkeBier attade® J0H 01°
priority infdhased oearrigns.| cEacle symbel gaay icomprse spyeralebitsi wadytheower )

st andar d 1@r i Gidrhler Bf yRbAISdicldiss hhsh:y@e' f | xM'ﬂ‘y’bste:ﬁ qrermtlscuzAIM the
|nforrrat|on o] creq,{e a v ess th perfect

mage) and | S XMy S %hswnﬁmf‘ewwpﬁtﬁ?@sem%gé% T IR andar d
priority (SP)locaﬁonrmt iaofpumiquatrams gtid- hlecrmansngilatm:ormmngoa lokkeupi gh

priority infogppd l(gg e&t'RéM)s aAnﬁf Qﬁlb@@ §% jid |s6&h“??g st andard

priority infornat | ~~~Nt fore much
| ess prone toa%!ﬁ'}cép?{e@ﬁ iy etaﬁg] qy §Prf ssﬁbrfl SWGWF*’% rier is
| ocat ed i20 t hquadrant iafn tlod ¢d13téltzatpmrmmsmcteiglm @fynfboﬂelavpscwmbed

transm ssi on £haREhes Goh -edPedlTSE ARAIGEe 1*AhGN $xBEY MRlcuigCcupl ed by

the vestigial andar teIeV| on S his portion
of the signal S¥mbelobits Kiysrgn@m fthe apenstelatienuauedrapy imhav g’N?buﬂst filters

of standard reafiby¥ENS, lotatdd)aand@EYtain bits designate the particular
coordinate in that quadrant assigned to the symbol. QAM systems
25 of this general type are well known.

White and Raychaudhuri et al. describe aspects of a system
wherein a television signal representing high definition image
information is transmitted using two QAM carriers frequency
multiplexed in a standard 6 MHz television transmission

30 Dbaseband. One of the carriers conveys high priority information,
while the other carrier conveys (relatively lower) standard
priority information. The high priority (HP) information is the
information needed to create a viewable image, although less than
a perfect image, and is conveyed, with significantly more power

35 than the standard priority (SP) information, which is the
remaining information. The high priority information exhibits a
narrow bandwidth compared to the standard priority information,
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signal,s with this transmssion format will not introduce co-chanfél AUG 2002
interference. 'to A straightforward approach to encodi ng such a dual QAM
signal is to use two parallel paths for encoding and nodul ati ng two QAM
signal s independently. After the two encoded QAM si gnal s have been
converted fromdigital to analog fornmg, two frequency translators nerge
the encoded QAM signals into a conposite dual QMM signal with carriers 15
situated at appropriate spectral |ocations. In accordance with the

princi pl asd 0§ thérsfpresarth lassamoinerto egrrivptiost bnthe eranssiemoancodes a

prioritized ltiplej carrier. M HDTV si gnal .so as.io feduce circuit
Conpl exi E0AI: PPBIBLs BRI dsrecaed B Foralith AR O FEHI BT cuit si ze and
i nt egr at gge@himlof a $elhasi®neir@Asmis 8htdhanndl, e W. I AN TSONH AIHeti Ng the 20
quality of an encoded QAM si gnal. Docunent WO A-92/ 14343 concerns a

nodul at owhdelmbsialosmetlyf eecupiedripathovestipn) sgeband ofitd standasdiMERSC

EP- A- Q49 . G t. 1. SSi a r at. ti.carrier digital
ol ovisi BT SRRrTEDE. ikt SR Beneb ATk B BRSO
processi ageAudtiedhby@ehé Nitquist frtayid aandhghaécdd oy, isi gt PANS f or
providing a first digital signal representing first information and having
quadr at uP@nabhPa He Hhis; trapsmissaen fgFmat svilinpgintreduen qogshanngl si gnal
represeng{tg?f&gﬁ@@d i nformati on and havi ng quadrat ure conponents 29 AU
G 2D02 -2a first digital signal processing neans responsive to said first
and second digital signals for providing a first carrier quadrature

anpl it ude nodyl at ed ith saigfirst j.nf ormatign d&fvjn a first
data ate, "and orEHORI AR R Ogaadoaro BRTUCR VA A UL SR IR sai d
second i ff QEERKVLOFaraNd] NAYADGo R cRESOTHE H8d InsRbIAtHS 05 GPAM spgRAgi d first
data rate; and characterized by,

independently. After the two encoded QAM signals have been converted

from digital to analog format, two frequency translators merge the

encoded QAM signals into a composite dual QAM signal with carriers

15 situated at appropriate spectral locations. In accordance with the

principles of the present invention, an illustrative system encodes a

prioritized multiple carrier QAM HDTV signal so as to reduce circuit

complexity and production costs, ¢.g., by reducing overall circuit size and

integrated circuit surface area in particular, without compromising the

20 quality of an encoded QAM signal.

Document WO-A-92/14343 concerns a modulator/demodulator for a
compatible HDTV system, while document EP-A-0497395 concerns a

transmission apparatus of a multicarrier digital television signal.

25
The object of the invention is an apparatus for processing a high
definition television signal comprising:
means for providing a first digital signal representing first
information and having quadrature components;
30 means for providing a second digital signal representing second

information and having quadrature components



second digital signal processing means including neans for convstAug 28 d
first 'data rate of said first nodulated carrier to said second data rate of
sai d second nodul ated carrier to produce a data rate converted nodul at ed
first carrier, and neans for conbining said data rate converted nodul at ed
first carrier and said nodul ated secor carrier, in digital form to
produce a conposite nmultiple carrier QAM output signal. In a disclosed
preferred enbodi nent of the invention, high priority (HP) and standard
priority (SP) signals are spectrally shaped by respective digital filters
bef ore being |, &t t . edel: ts are
conbi ned by a |g‘§@g¢él%?§%aelsé®r%,egﬁ¥%%?hg rgg%%f‘? gﬁog}égﬁ?@ggﬂﬁ

i nt er pol sdcond digfi il &ipralsgforroeyénhg o firssicagtier dugdtturé angrladualg converter
and associ gted anal og. network for RF transmssiopn. , 2 9 A-G 2002 -3 Bri ef
Descriptmeaugqtegr@ He W‘éﬁkﬁtlmif%”ﬁaHPB&P‘HPéﬁ‘rWJfrsé 1yfee HDTV
QMM encoging sS¥ohe Rar e FAIANGE dth pluddenRid Gl Rl dpasent
invention. FIGURE 2 shows detalls of  a portion of the FIGQURE 1 system S

FI GURE 3indfepnatisntdral ade drsequrdaatspett dififecintdrdmasai@irdtidgtadef i ni tion
tel evi si on ‘si&?ah devel.opg by the systemof FIGURE 1. FI GURE 4 shows an

al t er nathid® ¢ SAGEHERTIZEF Wodigital filter portion of the FIGURE 1 system
10 Before di sgdiosidngiging sﬁgﬁéle?}o%h:@%g &éﬁh@#ﬂ@ld&in?tm%ﬁé foe hel pful to
consi der FIGURE 3, which depicts the frequency spectrumof a prioritized
dual 32-Qxwedstiagbsaid Widetntsirgtaabf st diget ulhtedd¢awigstedsaigst em as wi | |

be di scussed. Fl 3.kl lustrates the, video frequency spectrum of a

i gh defiorondotmediess paisgid seofnd METutRL afienld BRERR o B8 e

bandw dtdobferted higtlaate dNTSS & &lreati, Sindnmehgndbr ebaiviting I0id agia idtat e
conparison wth a standard NTSC video frequency 2 0 spectrum the

f r equenct Y esftshipadid atede fahegrrigraand spide atpd secopsl gAY 14T9 1R, 5 MHz)
are refeg.er : tLon. of ' carrier
- an NTUETEIJobf, RSl £ o dRERNREMulHR LA ol TipllL B, G2L N
2 5 high and low priority conponents. In this exanple audi o) synchronizing
and | ow frequency,. video infgrmation conponen whi ch are .i.ntended to be
recei ved wit hhhﬁghscfleﬁfémrr:?qryeére@ i“b‘HBoO‘;ts"rﬁ gweﬁrtwdm% PpRrity
synchronmpp_gnar&ftmmrdbpnb_rif@r(s%mh@s ARYs & tidlly BRap@f wye of a training
signal containing a 3 uni que si %\gature or code to facilitate signal

r ecover yreapdciivockgitiehdiliersabafoceibeeng QM mddideret.iVied RAbly i nclude field

rate scanni,ng i nf.ofnmat j e.g., start of field parkers). QO her |ess

i1 4 carmRgBs AR T 8B dinlons ool Sheb el M st otk 6 *assi gned
a | over ipfcil@dingya dTfRahb@BePhh@rihtstpoldto TBEfAR WREide3ed o Marrow
bandwi dth relative to the low priority information, and quadrature

anpl i t udenghedigitelstq-anmjo s conusrirpang asspckipdrimades nehveredor Bler enced t o
a signal tr R ?ﬁssighjscussed bel ow. The low priority information quadrature
anpl i tude modul At 65 a



2 9 AuG 2t1t1~ -4 3.84 Mz second suppressed carrier which is al 0 AUG 2002
referenced to signal REF. A resulting conposite signal is a formof a
multiple QAWM signal) i.e.) a "dual” QMM signal in this instance. The
conposite dual QMM signal is translated into the 6 MHz standard 5

tel evi si on band by neans of out-of-band reference signal REF. The frequency
of signal REF is chosen so that when signdl- REF i s nodul ated by the

conposite QAM signal, one of the resulting sumor difference conponents
falls within the band of freq[%féﬁfci Cé’?é‘&?’i éyéﬂevpmwéf’gdesi red radio

frequency tel evi si oRIGURE4I is &bdbck diagrams bfnal digétal VHFTVh QA edcoddngnal
REF i s nodul at edsiby, tihe i a c(}?m I anal r :

si deband nodul g?sedmﬁ,il(gﬁ% tﬁlzéelt gymri g} d a'ﬁddg%? \?\fl?th% ?gégrégtglgsggggﬁd t he
upper si deband of 'Ezrétﬂ%‘f’?l tajls pf1a,eertneQf ghe Al 3l spsteme
anplitude df the naFIGQUWIRIN®B Hdepigid/ thenpieenfreqaeseyspbcrant lof gyrdamier t han
that of the w ; n : L\ Ge I The < dwi dt h
of the HP conﬁm?ﬁ)o&ﬂ %IQ—@ E%{ﬁgts??{le stlgﬁd% ggﬁ%\?ﬁé@ﬁb%fﬁghg C(;%r?nponent
is 3.84 M1z, f four tinmes the bandw dth of the HP conponent. The 2 0
nonl i near band edgeFIGURE t4 shomagiaansitednative amangevhemd ofiFa adigital deband SP

conponent s arefﬁ{@gﬁg{gg&% I)f %éq;wkbs? £}§S§$@pse (FIR) filters with a

square root of "a’r cOsi né characterl to produce snooth transition
regi ons whiBh avoi d unwant ed hi gh frequency effects produced by sharp

t rgnzi t Logpr egi ons. Bgér@eZ?%cai@hg ttndesysteérﬁum{v;v:e%emyun@nmts%m bbhte

wi deban co in e,transjtion regio no rawmn to
scal e) has oneggfpgﬁpép fwlg?ro%z&ﬁgh%’ é‘fﬂb‘gbeﬁemﬁ rg%og,s ﬁ°¥onponent. 3
0 The HP and SPpeyxumi gfiad sprienitizednguilsd2¢QadMabaseband” videp 'signal

conponents. A $fofodds byt BHE RIIQABS&E SsylstetR B4 twiPite \WEASse®r Synbols.
Ei ght synbf)$s are di spoSed in each of "four QAM constel | ati on quadrants

defi ned by and Q axes. Each synbol is |ocated at a prescribed
constel | ati on coor dFMGURE ThwualldsBateist theofvidee Hreqenoy sipitpmat ef tahdigh

constel l ation Lhat o« AN ' S} e
coordi nate for g!té ﬁ“ﬁ@ﬁﬁ%ﬁﬁl%ﬁ?h%@éﬁg%hwﬁ ) fjs tc%hg%,&m&ﬁ %‘:EEOB@? %?32- QAM
systemto be di@&gg’é& ek 5?%@%?%35@&?’@@%9“@15@1 aned- 3T MHz for
t he HPf and SP datiditateespaparisohywithha syarddrdr NIESC svidedefreqdendy of t he
type o %pr g [ e - S r
times sanpli nggggé[ﬁ]@’ éhgyﬁggﬁé&g?é,algﬂ% tI}—lg %%?ﬁ%%ﬁwﬁfs@%% and
the SP sanplind-}28eMHz 1. 46 MHz) are ficferepred tpethes OrhdvHznfrepueneise of
32-QAM) the HPlagdticsP obither RFefictire darfidvbins aAaNNTEC 3yMeas, respectively.
10 The described prioritized dual QAM system exhi bits significant
co-channel imunity frominterference associated with a standard NTSC
tel evision signal) ilhe } NIg0asilgntldata OQempressad St [ i

iThe. HRIRV k dat sadl mignal digidede irtet

I ocati on iP5t heyigRNEE 8@ PricHtyt B@m?@ﬂbn@?\'\/'mi ShR| exdhipke iaudible to
attenuating notc eﬁ in Ihe§8g2/l Sﬁrectl umin l‘uﬁ the vicinity of the NTSC RF
pi cture carri erYSROTIHENGT da¥a trequeng; PR HINfOEMALOP: COMRPAGES, hi gh
ener gy i nf or matwhich arenistendey) t@ e raccivedi midr flaghnediability tane dual QAM
signal into an JN& ign i i fi t SfRHER ar ge

anpl i tude narro%?nga&hﬁéhgi)ﬁrapll g@s%y%ﬁpwgﬁﬁs atteﬁh@?’,gf l.2 0 by a
Nyqui st sl ope qulaf'&l?rlci mnay sb(eah‘liélh& RAtyee ¢ évF@FHﬁgr@(SBN/éPF“‘PH“Fa @URE 3
Lhe Néq;ut sgols! ajqhe | signatues peonsedentd faciides digidiCrécvveryeand s i ndi tcat ed
y a dotted Ii ose e . [ 0 s rum
from 0. 75 e HoebiEs D 3 ey Cond IRHRANBLY iy inchalfe SMGCRRS! 100
of the narrowba§anping piormekionnéne..astart ©f Held quarkees). bAd&rdlesSrel ati ve
densi Ty than T et e e L e a0 o r O Rfe
ensity than . e, W deband. anent .. The i rLate

priority narr ov@%&?ﬁ'e&ﬁﬂ ch‘gj‘?{alpq%?gf O’f@cnﬂggﬁﬁbppgnéy. sﬁ"&ﬂ#ﬁ%%%{‘utexmbﬂ? a

si gnal - t o- A senarrpwobandwidtandelasiver ter ther 19w0 prierity dnfermasions ahd | ow
priority w debagithdiiMréi siplitude modulates (QAM) a 0.96 MHz first

suppressed carrier referenced to a signal REF as discussed below.
The low priority information quadrature amplitude modulates a




. . . . 2.9 AUG 2002
The | arge peak anplitude narrowband conponent contains video infor ion

sufficient to produce a displayed inmage with definition approximating that
of- a standard definition television 3 5 imge. Thus a viewer should not be
overly disturbed if) for exanple) the high definition transmssion is
nmonentarily-disrupted by aircraft flutter. That is, if the | ow power

wi deband conponent containing the high defdnition information is disrupted

2 g AU G 2002 - taril t he hi ower narrowband conponent iy be
unaf f ect ed m&&é&@“%ﬁ%@ efsluﬁpfeisa%;lb‘?ﬁ"‘&&_cﬂﬁl@bl‘% 4qﬁ%gree?$r§"ﬁfépﬁ°ayed
momentarily. 5sipnel SHEP! | Agresalténg somppsitgpsignal P aQfovns icfnalmsyltipde 36 MHz
and 3.84 Mz r%ﬂ%hig‘ﬁﬁl,)&.c.?d}"%ﬂaﬁl’-’ﬁ AM ¥ighaliiR! thif ifktdndeN! qhHer

is

rel ati onshi p. is relatignshin sinplifies recovering t r owbgnd, and
wi deband QaM i PEWP, ‘ﬁ? o‘i.“fﬁt agrﬁeé’(ﬁ"\? ry gf‘ﬂ@@‘%é"@aﬁbe Qﬁr’fq%dsmay% ock
can readi | y5 beteleeidrorbanidnibyg mdaas10f datteof-band eneferepee atignal REBot h QAM
conponent s. Thmeﬁeat;gafé 8t diglAKEFsCendh w%ateamc\segi&gw%ﬁfn. be
easily derived fr e feadily recpve I gh power n rlr10 and, si gnal .
'n FIGURE 1) nimsidulated: by theredmpasiie {QAMastgalcane aindhe gestiting,sem
priority (SP) datdifference conporeritd falls pridcias kel band exfpérziguenciesgh
priority and stanqasdaPiit] |4 Yae3h 202 t e I3 i

di gi tal sigpal %procetggoyl%.éﬁeghﬁg g%‘ﬁ?sgﬁé@?gegrE)e\t;%dlgg"ﬁ%@gﬁrggeg‘y and
11 may be Hoverbpimulesst HFoghntch 1s SiaznahRIEF is andulated diathenur i et al
Si gce _the4gP aadnﬁasaeodﬁillg@Awrsfngﬁﬂsmgaroaﬁm O doubin sid]tbada:] a sgur ces
and unit ar ur. ag.i y . Sim.lar. t

processi ng pat Enc\fét{l#@%ies nsa)({:’r i?tgéej.(Jlgiw(?l’rrdgeltd g??‘“ F?%jg}':lkq ‘(i‘eg%c‘:’%é "SCdaea&E' Hcal
dual 32- QAM endppehgidghandnrp whighi i retained, Ast Hipstiated yadGIREBd3as an

integrated circuit. Digital signal processor 40) which is shown in greater

detail in GURE 2, rges,.HP, an P signa ) NAt digital domain so

that only g#ue di gi.t';lﬁ%t gmz%lé\'%eg %oﬁ%fe%aﬁoﬁ%({)ﬁ?agéq‘g cﬂ@‘m}?‘i&‘ & e needed

to generate ansignificgndyagreatan thanahat of Hre videbandshP seomponaite ¢p.,dat a

hi Tt regi ot or e 5 RIECT) Thp R SENEGIAM, of 306 P, copShi it U381y

encoder secti 03&%5' 'W@I ﬁ%ﬁ ﬁgékzcﬁ@"?"égthaé’édﬁ%n%’ R@WW)"“%H?tjsg‘g 16.

Encoder 14 is wdedhiis émwotitsesc ¢heribiandeaditeof i thea HFQaongranedt.ngTheact i ce to

facilital e decoiinihedt BarldeRlok tranSHISH rbERisY be ! (e SARRMIEMP Y figg DY

2 s Auc z~0z sectl gn 14 _enhanCes recelver, Tnsensitjvity to g ase rotation

of a received Cdigeband; &P sompenenss @16 shapedqibyg finite iMPpWae TESPOMSR at or

aﬂd | %%I% up tal{FER) Hfilters ith apequdreetodtnpfita anided Cosiné q@mr&dtéﬁktic;utqo;n :

Thi s asses t e D1 i i t.he:sy rdiL,pat e

of each 5-bit syr%gﬁh\é/‘mét%‘%ﬁéﬁpr%%%ggéﬁg%%ﬂﬁpgﬁgﬁhneﬁlﬂeHp.lwra gf"&f V\lgggnbol

bi t swhi ch speciff§queneyqebgetsprodueed 3l HhpER oirardtion &egionse ISt two

_t;iht sI of kt hzstcu[?lrxﬁ@mtmm@ﬂ_ v suﬁfﬁge Wehdyl {t@%?@nfe’\ﬂobiﬂﬁ: qﬁic{ﬁbanae\r?rousf ;syrrbol -
e | ook-up tabl e provides -Dit out put val ue representi e erence

petween t hosecdTTIERtafi db obend ke’ ari, AR hp L huhes

repr esent at i velscale)abas aone qauadeenthe stopecof r thet isteepde martgwhand HEPQAM

quadrantsat a r&aRp¥knt./hese bits are passed to the output of unit 15,15

where theyare conbined with the associated |ast three bits

toreconstitutethe 5-bit synbol.
30 The HP and SP QAM signals each comprise quadrature “I”

and “Q” components. A 32-QAM system processes five bit data
words, or symbols. Eight symbols are disposed in each of four
QAM constellation quadrants defined by I and Q axes. Each
symbol is located at a prescribed constellation coordinate. Two

35 bits of each symbol designate the constellation quadrant for that
symbol, and three bits designate the coordinate for the symbol in
the quadrant.



ROM 16 acts as a data mapper far the continuous 5-bit parallel dagg AsdG @
fromROM 15. ROM 16 splits its input data 2 0 streaminto sequential 5-bit
synbols. Using a | ook-up table) each 5-bit synbol is mapped into a four
quadrant grid-like constellation defined by quadrature | and Q axes. In a
32- QAM system eight 5-bit synbols occupy assigned areas in each quadrant.
The first two bits of each synbol desi gna‘tﬁa the 2 5 quadrant in which the

symbol is | ocated wihp fsfig&ye pgtemem oG PuSkA IR SHABL At B

remaining thre deS| l"ocay | on coor I na aSS|gned
to the synbol ﬁngtdn tﬁaﬁjMHtZ Eﬁ;t |data, pespeedeely. siltiel arly.

R|O\/I 16 has t\/\ospmballmte omtmdéﬁem::mhd)i:hhdatty V\of cQAMpm@teadmnghgl y. |3)0
Al ternating pr S €3 t S S ol s
and respecti| veﬁgﬁggg ar th@]t\maﬂ;oar mw ﬂﬂ? i e@ ?Wﬁgf réb

addi ti onal 7 nf 8ymRel dates ghecHR; ﬁ@f"ﬁbﬂgn@%flst:ﬁ Wgzp?@ df ghensSd® by sectl on

(%4) refer t(r)rbt BemPlihg Trave |39 9186 \M3L. Stﬂﬂﬁmﬁblt@ Zxﬁﬁopﬁ@\/théeéasUPof and
out put synbo ar, r

respectively. ‘L?%e?ﬂ‘b'?l Itft’i‘éer}eﬁL aafr"eﬁ %’t Bit tgé& coe | Ci ei’t)&'ﬁ ?d%%%l%u’l se
Response (FIR) fQ%R!%ﬁ‘éWb’et 29 A~~ ~ee~ _g_raised cosine digital |ow
pass spectral shaping f||ters clocked at the 3.84 MHz high priority
sanpling rate. Coun f|| 5 d 25b |n e. standard
priority pgbh are cltrg’gk 85‘5{ (f/lgémi % n§Y &ML & hlt"ﬁ% st andar d
priority conpomsignificaniheo- shamnetg lmnhmralt)s ﬁromunﬁdrfcmmcmsslmmmdm with
conventi onal  QAMghakAy Vifioh" & t,hpe,eo ApNTSCt ignah ibde
excess bandw dth resp (glrt)fs ness gg e s

the I and Q cofff¥Reht § Ha |°§138f3f)|r6§| P% g’grcent in

this exanpl e. Xigrall t dhed 1HRlue tmdxtldﬁu@tmgtmmhes dnathe QAN Spédtewrn il a
and 21b argsti | a | 2T be
expl ai ned isaabserme erWéﬂE‘;i/@ ?f“i[[i'ee?ngg RE fci Hﬂégr at et}\}mgmﬁg %‘gﬁd

devel op a Quadcafiifhe mt!.stlneaeamta el htls GBﬁ’iﬁYnéH%Omi‘att"" a 32- QAM
HP conponent. Tlenv&rs dchlmmalnntexﬁmemetfram athe duﬂZQJ&MSd? nalgiwlo from

counterpart M 3 t e by digital
si gnal process)ér ﬁg% BYue *‘ﬁi'd}%i g{’rte%d’r%% gnfaﬁgge di scussed
'n connect | on meIdeJnmwba@ﬂoQAg’bu-ﬁgnabrwdltw slgomangm ttenustacs
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The large peak amplitude narrowband component contains
video information sufficient to produce a displayed image with
definition approximating that of a standard definition television

35 image. Thus a viewer should not be overly disturbed if, for
example, the high definition transmission is momentarily
disrupted by aircraft flutter. That is, if the low power wideband
component containing the high definition information is disrupted



2 g AU G 2002 -9 sine/cosine carrier generators and m xers. The QMPF’I‘?BDZ
rate of the shaping filters and of the output Mux in the HP path) and the
sanpling rate of the counterpart elenents in the SP path) respectively
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o009, SF-  comoent s A P ut bEH M ) GhVERAL g g o
to filter 25 65tof §rbip paraflek forracby sshiff. register 10. The output from Shlt
register 10 is applied to an encoder section 14 including ROM
35 (Read Only Memory) units 15 and 16. Encoder 14 is used in
accordance with conventional QAM encoding practice to facilitate

decoding at a receiver. Specifically, the encoding provided by



For every | (or @ sanple in the HP conponent, there aie four | (0oR9QWUE 2602
sanples in the SP conponent. Input Mux 62 therefore tinme division

mul ti pl exes HP and SP | sanples at a ratio of four SP | sanples to one HP |
sanple) and couples the resulting 3 o signal to nultiplexed filter 61.
Filter 61 is arranged to operate in tinme nmultiplexed fashion to reduce
hardware requirenents. Filter 61 is an input weighted FIRfilter with an

i nput bus for receiving the nultiplexed sanples fromunit 62. These sanpl es
are applied te&ceyh bt enhangesinecsiver SERRLtIVHY &9 reliasesroiatios phey are 3s
wei ght ed by r esqeieéd v@ AMetbhsietation. Wei ght ed sanpl es from respective

wei ghting circuits are coupled to respective adders, which adders arc

i nterconnected by del ay stages. The del ay Z g A a G2002 -11 stages are
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(cji_e]E)fendi ng 15 mﬁ?nathastypmfefcxﬂcapft?]r %gﬁnbﬁy ﬁdmif?hfg fthe tQAM quadiants
ifferent tra r i O Oh . re usi ng

di fferent coe%?iagerﬁ%ésw?%r ?ﬁ%gcd_ibf%egrénk)ggssgﬁp% thp%‘gBug%)gp@gﬁ _@/’

coeffici ehds ivheppthesd are eorabinsdgmithghei pssaciatednlast Hhregditsedoar e

present, and trbeowNtitgte Cioef fj-giterggmﬁﬁn, is applied to the 2 0 weighting

circuits when SP sanples are present, in response to a coefficient control

signal. The output of filter 61 is a tine division nultiplexed signal
wherei n indi vi dual RPM ndcspas aslaparmapperafes ithelopotiavous \5-bitl t ered. 25

t2 ? A UG Zgo%)_arﬂ??l%fda'\/ﬁireém ABRATRONS 150" 1180R$eﬁ§ispﬁtsaé¢§i Eﬁ:u@?_ﬁdtﬂit tion
e evt 1 9900 Slal sofSRRL SO0, STER SeRolsts bgie, 3 A H bl i
conponents;  5-bit symbol is mapped into a four quadrant grid-like
constellation defined by quadrature I and Q axes. In a 32-QAM
system, eight 5-bit symbols occupy assigned areas in each
quadrant. The first two bits of each symbol designate the
25 quadrant in which the symbol is located with respect to the I and
Q quadrature axes, and the remaining three bits designate the
specific location (coordinate) assigned to the symbol within that
quadrant. The next symbol is processed similarly. ROM 16 has
two parallel outputs at which data words appear alternately.
30 Alternating processed symbols are nominally designated as I and
Q symbols, and respectively appear at the parallel 1 and Q outputs
of ROM 16. For additional information concerning coding of the
type performed by section 14, refer to the CCITT V.29 and V.32
standard.
35
ROM 16 provides HP 1 and Q output symbols in parallel form
to digital filters 2la and 21b, respectively. These filters are 20-
tap (20 coefficient) Finite Impulse Response (FIR) square root



means (11, 12) for providing a second digital signal representing s?e%owg gt
I nformati on and havi ng quadrature conponents; to first digital signal
processi ng neans (15-25) responsive to said first and second digital

signals for providing a first carrier quadrature anplitude nodul ated (QAM
with said first information and having a first data rate, and a second
carrier quadrature anplitude nodul ated wi.gh said second information and

havi ng a second data rate different 15 fromsaid flrst data rate; and
charact eri zed Mjsedscesing digital alovs pasal sprcsead ssharingretilers, adlocked ato)

i ncl udi ng meanhe(324 MHzCanptergridtitys dashplings radat aCoanite rt Ssahla gird r st

nodul at ed carr t a 0 | on t carrier
to produce a d[’aﬁérsrg g é’gdn\szér:tf ']g %ﬁeéﬁsltﬁrf(faadfﬁné{ tgaﬁzﬁﬁ aﬁg (44) 20
for conbini ng B&i &5 &% MHat samphingr ral¢ ®bdtheatstandard spn@at)r icompentiai d
nmodul at ed SGCOI\hic cetabirgy filtérs dh@ tudkd figw fibcéﬂial%@dwm éoﬁ@éﬁmﬁia‘l eQAMtiple

carrier QAM ou ut SI tu CCO wherein said
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Filtered HP I and HP Q output signals from filters 21a and
21b are time multiplexed by means of a multiplexer 32. As will
be explained subsequently, filters 21a and 21b cooperate with
Mux 32 to develop a Quadrature Amplitude Modulated HP

15 component, i.e., a 32-QAM HP component. The 32-QAM HP signal
from unit 32 and a 32-QAM SP signal from counterpart Mux 34 in
the standard priority path are processed by digital signal
processor 40 to produce a single data stream (as will be discussed
in connection with FIGURE 2) before being converted from digital

20 to analog form by means of D/A converter 50. The output signal
from converter 50 is low pass filtered by analog filter 52 before
modulating a signal from local oscillator 55 in a modulator 54 to
produce an output signal suitable for RF transmission. Filter 52
limits the output signal to the standard television channel

25 bandwidth (6 MHz in the case of NTSC), and eliminates high
frequency components such as harmonics associated with
preceding digital signal processing. The baseband spectrum of the
prioritized dual 32-QAM signal to be transmitted is of the form
shown in FIGURE 3.

30

The process by which a digital filter (such as filters 21a and
21b in section 20) and a digital multiplexer (such as Mux 32) coact
to produce digital Quadrature Amplitude Modulation is discussed
by Samueli et al. in an article “A VLSI Architecture for a High-

35 Speed All-Digital Quadrature Modulator and Demodulator for
Digital Radio Applications,” IEEE Journal on Selected Areas in
Communications, Vol. 8, No. 8, October 1990. Shaping filters 21a
and 21b and output Mux 32 in the HP path essentially operate as



-13 having an integer relationship to a carrier frequency of said 3 8y 2002
QAM carrier. 4. Apparatus according to claim1l and further including 5
digital -to-anal og converter nmeans (50) for converting said nmultiple QAM
output signal fromdigital to anal og form and anal og signal transm ssion
means (54, 55) for receiving an anal og out put signal fromsaid converter
means. 5. Apparatus according to claiml;9wherein said first digital signa

processing neans jncludes digital filter neans (2]T 25% folr. spect r(glj |y

Shapi ng sai d FIPY/EOSRE SRR BERGAICR aNgnmPEersy, dThE) TAmbliag atming (32,

34) responsi vdhcoslmwi!pgltﬁls&rgnaiCIs_dfrdm o8t M lin ethentfhpatlor and rihe

di vi Sijon mJljt }d_ahﬁ%ﬂ rhtd To?rﬂfé fcbhﬁterbﬂ{t%ré?ﬁérﬁﬁ‘ gg;ﬁégsw ?@?g}f’gﬂems to

provi de sai irs carr.i.e ,

mul ti pl exi ng ffFFEfé?}b&&e%i}R}lﬁm%? ﬁﬁﬁ%n%é’dﬁagﬁ éaﬁ"b?l"pngf?é“’t%c’ceé- provi de

sai d secon Qfhe sampingtraen iofopnt tin28 the Appdentfrsqency; dindg the clai m |,

wherein said sgeaef ﬁEQﬁéﬁ’é Sééﬁ?ﬂ :m%%gﬁﬂidrgnﬂsans conpri ses i nerpol ator
ai

means (42) for converting irst data rate of said first QA carrier;
and 25 digital adder neans (44) responsive to an output signal fromsaid

from said interpol Bprchoeaing ahe ¢arizai freqeennd eQall aar theersyhibol praaguci ng
sai d conposi tq.éﬂ”(;l{e%l?ar%l\/'tﬂé’tﬁ%pﬁﬁgnﬂtc,-the cosine and sine waveform
10 values needed for the mixing function can be obtained by
sampling at 0, 90, 180 and 270 degrees. Such sampling produces
values of 1, 0, -1, O for the cosine function, and values of O, 1, O,
-1 for the sine function. A 2:1 multiplexer (such as Mux 32) and
an inverter can perform the modulator mixing function. The
15 inverter needed to perform the -1 multiplication in the mixing
process can be implemented by assigning a negative sign to half of
the shaping filter coefficients.

FIGURE 2 illustrates additional details of digital signal

20 processor 40 in FIGURE 1. One input of processor 40 is the
narrowband, relatively high energy 32-QAM HP component with a
frequency spectrum centered at 0.96 MHz and a sampling rate of
3.84 MHz (4 x 0.96 MHz). This signal is applied to a 1:4
interpolator 42 which upsamples to 15.36 MHz. This action of

25 interpolator 42 converts the narrowband HP data from a 3.84 MHz
sample rate to a 15.36 MHz sample rate so that the HP data from
Mux 32 and the SP data from Mux 34 have the same sample rate
and can be combined properly in the digital time domain by
digital full adder 44. This sample rate conversion is facilitated by

30 the 4:1 integer relationship between the bandwidths and carrier
frequencies of the SP and HP QAM signals. Adder 44 is clocked at
15.36 MHz and receives the 32-QAM SP signal from Mux 34
directly. The relative power levels, i.e., amplitudes, of the HP and
SP signals are readily and accurately maintained in the digital

35 domain such as by appropriate programming of the preceding
ROM stages of encoder section 14, or by programming the
coefficient values of the filters in shaping filter section 20. The
dual QAM digital output signal from adder 44 is applied to a single



7. Apparatus according to claiml, wherein 30 said nultiple QAM ouzt%)tﬁtuG 2002
signal is a signal nultiple 2 9 AUG 2002 - 13a 32 QAM output signal. 8.
Apparatus according to claim1, wherein said first information nodul ating
said first carrier exhibits a 5 higher prlorlty t han said second

i nformation nodul ating said second carril®: 9. Apparatus according to claim
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"109%%5& (}0: lp@tént application Serial No 922,104 of Lauren Chris-
topher titled "Apparatus For Time Division Multiplexed
Processing of Plural QAM Signals", filed July 29, 1992).
Such an FIR filter for multiplexed pro-cessing of time
multiplexed signal is illustrated generally by FIGURE 4.

15 In FIGURE 4, shaping filter section 20 includes multiplexed I
and Q filters 61 and 65. Each is preceded by respective input time
multiplexers 62 and 66, and followed by output time de-
multiplexers 63 and 67, respectively. Input HP-I and HP-Q
components are provided by ROM 16 in FIGURE 1, and input SP-I

20 and SP-Q components are provided by ROM 181 in FIGURE 1.
Output HP-I and HP-Q components are applied to output Mux 32
in FIGURE 1, and output SP-I and SP-Q components are applied to
output Mux 34 in FIGURE 1. The following description of
multiplexed filter 61 for I sample processing also applies to filter

25 65 for Q sample processing.

For every I (or Q) sample in the HP component, there are

four I (or Q) samples in the SP component. Input Mux 62
therefore time division multiplexes HP and SP I samples at a ratio
of four SP I samples to one HP I sample, and couples the resulting

30 signal to multiplexed filter 61. Filter 61 is arranged to operate in
time multiplexed fashion to reduce hardware requirements. Filter
61 is an input weighted FIR filter with an input bus for receiving
the multiplexed samples from unit 62. These samples are applied
to each of a plurality of weighting circuits where they are

35 weighted by respective coefficients. Weighted samples from
respective weighting circuits are coupled to respective adders,
which adders arc interconnected by delay stages. The dclay
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109 ()-1"&l'1 &d( $AMPEAST ARG (ProV I fof(l}&te(r d,signal at the filter output
at the last delay stage. Since the samples occur in the sequence
SP, SP, SP, SP, HP, SP, SP, SP, SP, HP etc., SP delay stages are
5 enabled or clocked when SP samples appear, and HP delay stages
are enabled when HP samples appear. Thus HP samples are
filtered independent of SP samples. Each time a particular sample
type (HP or SP) is applied to the input, only those delay stages
storing like-type samples are interconnected between adder
10 circuits, forming a filter operative on only that type sample. That
is, when SP (HP) samples are applied to the input, delay stages
associated with HP (SP) samples are effectively removed from the
circuit, although the information in them is retained. The filter
exhibits two sets of coefficients which are switchable depending
15 upon the type of input sample. Thus the filter provides different
transfer functions for the different HP, SP samples by using
different coefficents for the different sample types. One set of
coefficients is applied to the weighting circuits when HP samples
are present, and the other coefficient set is applied to the
20 weighting circuits when SP samples are present, in response to a
coefficient control signal. The output of filter 61 is a time division
multiplexed signal wherein individual HP I and SP I components
are independently filtered.

25
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5 signal, comprising:
means (5, 10) for providing a first digital signal representing
first information and having quadrature components;
means (11, 12) for providing a second digital signal
representing second information and having quadrature components;
10 first digital signal processing means (15-25) responsive to said
first and second digital signals for providing a first carrier quadrature
amplitude modulated (QAM) with said first information and having a
first data rate, and a second carrier quadrature amplitude modulated
with said second information and having a second data rate different
15 from said first data rate; and characterized by,
second digital signal processing means (32, 34, 40) including
means (42) for converting said first data rate of said first modulated
carrier to said second data rate of said second modulated carrier to
produce a data rate converted modulated first carrier, and means (44)
20 for combining said data rate converted modulated first carrier and said
modulated second carrier, in digital form, to produce a composite

multiple carrier QAM output signal.

2. Apparatus according to claim 1, wherein said and second
25 QAM carriers exhibit different carrier frequencies and different
bandwidths occupying different portions of a television signal video

spectrum.

3. Apparatus according to claim 1, wherein said first QAM
30 carrier exhibits a narrow bandwidth relative to said second QAM

carrier and & said first QAM carrier exhibits a carrier frequency
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digital filter means (21, 25) for spectrally shaping said first and
second digital signals; and
multiplexing means (32, 34) responsive to output signals from
15 said filter means for time division multiplexing filtered first
information quadrature components to provide said first QAM carrier
at an output, and for time division multiplexing filtered second
information quadrature components to provide said second QAM
carrier at an output.
20
6. Apparatus according to claim 1, wherein said second
digital signal processing means comprises
inerpolator means (42) for converting said first data rate of said
first QAM carrier; and
25 digital adder means (44) responsive to an output signal from
said from said interpolator means and to said second QAM carrier for

producing said composite multiple QAM output signal.

7. Apparatus according to claim 1, wherein

30 said multiple QAM output signal is a signal multiple
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