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signal includes a first carrier modulated by an analog program signal, and simultaneously
broadcasting a plurality of digitally modulated carrier signals within a bandwidth which
encompasses the first frequency spectrum, each of the digitally modulated carrier signals

20 being modulated by a portion of a digital program signal. A first group of the digitally
modulated carrier signals lie within the vﬁrst frequency spectrum and are modulated in-
quadrature with the first carrier signal. Second and third groups of the digitally modulated
carrier signals lie outside of the first frequency spectrum and are modulated both in-phase and
in-quadrature with the first carrier signal.

25 In AM IBOC DAB systems, frequency domain side lobe constraints together
with symbol rate and sub-carrier spacing requirements can lead to signal pulse trains with
overlapping pulses. The AM transmission comprises a train of orthogonal frequency division
multiplexed (OFDM) pulses. The pulses are made up of evenly spaced sub-carriers. The
digitized data is subdivided into “m” bit words, converted to amplitude and phase values and

30 then assigned to the sub-carriers. The shape of the pulses is selected so that the sub-carriers

are orthogonal to one another when matched filtering is applied at the receiver. In this way,
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20 The distortion caused by pulse overlap has an effect similar to that of noise;
i.e. demodulator outputs are displaced from their assigned constellation locations. When a
large number of demodulator outputs are superimposed on a graph, they give a fuzz-like
appearance to the demodulated signal constellation.

It would be desirable to reduce distortion caused by pulse overlap. This

25 invention seeks to provide a method for pre-compensating signal pulses of an AM IBOC
digital audio broadcasting system to reduce distortion.

SUMMARY OF THE INVENTION

This invention provides a method of pre-compensating at the transmitter for

pulse overlap in a digitally modulated signal comprising the steps of receiving a sequence of
30 pulses, modulating the pulses to produce a first sequence of modulated pulses, demodulating
the first sequence of modulated pulses to produce a first sequence of demodulated pulses,
combining the first sequence of demodulated pulses with the first sequence of pulses to

produce a first sequence of error pulses, modulating the first sequence of error pulses to
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transmitter, which may incorporate the pre-compensation method of the present invention;
Figure 3 is functional block diagram that illustrates the operation of the
invention; and
20 Figure 4 is a more detailed functional block diagram that illustrates the
operation of the invention. \
DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings, Figure 1 is a schematic representation of an AM

hybrid IBOC DAB composite signal 10, showing relative levels of the analog modulated AM
25 and digitally modulated DAB signals. The hybrid format includes the conventional AM
analog signal 12 along with a DAB signal 14 transmitted beneath the AM signal. The DAB
signal includes a plurality of data carriers, evenly spaced in frequency. The digitally
modulated carriers are generated via orthogonal frequency division multiplexing (OFDM).
This format enables the spectra of these carriers to be overlapped without any intervening
30 guard bands, thereby optimizing spectral utilization. However, a guard interval can be used in
the time domain to compensate for signal timing jitter. The OFDM modulation technique is
extremely beneficial for successful DAB operation since bandwidth is a premium commodity

in the AM band. An additional advantage is that there is no need to isolate the DAB digital
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20 Additional groups of quadrature amplitude modulated digital signals are
placed outside the first group. The need for these digital waveforms to be in-quadrature with
the analog signal is eliminated by restricting the analog AM signal bandwidth. United States
Patent No. 5,588,022 discloses additional information relating to IBOC DAB waveforms and
is hereby incorporated by reference.

25 Figure 2 is a block diagram of a portion of an AM IBOC DAB transmitter 30
showing the signal processing functions that are relevant to this invention. A sampled audio
signal is received on line 32. An audio encoder 34 converts the sampled audio into a digital
signal. This digital signal is subjected to forward error correction as illustrated in FEC
encoder block 36. The FEC signal is interleaved as shown by interleaver block 38. The

30 resulting interleaved signal is modulated by a Fast Fourier Transform modulator 40 to
produce the DAB signal on line 42. To produce the analog signal on line 46, a sampled audio
signal is supplied by source 48. The analog signal on line 46 and the digital signal on line 42

are combined in summation point 50 to produce the composite signal on line 52, that is
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signal at summation point 94. ThiS results in a second conpensated signal
summation point 86. The resulting second error signal on line 88 is then modulated as shown
in block 90 and the resulting third modulated signal on line 92 is subtracted from the first
compensated signal at summation point 94. This results in a second compensated signal
output in the time domain that includes a second plurality of pre-compensated pulses on line

25 96. Some level of overlap will still be contained in the pulses on line 96.

The invention takes advantage of the fact that a quantitative value for the
distortion is available at the transmitter, since the train of overlapping pulses can be
demodulated and subtracted from the demodulator input. The error, that is, the difference
between modulator input and demodulator output, can be subtracted from the modulator input

30 to form a train of pre-compensated pulses.
Rather than implement the computationally intensive procedure described in

Figure 3, the pulse over-lap pre-compensation of this invention can be implemented using

formulas that efficiently perform the demodulation function followed by re-modulation.



output in the time domain that includes a second plurality of
pre-conpensated pulses on line 25 96. Sone |evel of overlap wll still be
cont ai nedwpr3h™Ipul ses on |ine 96. The invention takes adcanisayssoed t he
fact that a quantitative value for the distortion is available at the
transmtter, since the train of overlap® ng pul ses can be denpdul ated and
subtracted fromthe denodul ator input. The error, that is, the difference
bet ween mpgiut at Bra fimutionalnblocle Mxgudnatthat ilustrads, theaspebationudl theahet éfifioient he
nodul ator 1 nput 30 to forma train of pre-conpensated pul ses. Rather than
i npl enentPPREckonput ational |y i ntensive procedure described in Figure 3,
the pul se over-1lap - I :So 'Fl'ﬁ‘l\f?ﬁﬁ i :
using formulas th(;l[!t[hr egofogl I&gil? %{&?}a@a&%‘gbr g‘]rj(?nﬁy'tn?lgetd(;ée/aﬁgtt%l at | ons‘?ﬁﬁgﬁ%ég@g%lﬁmd
by r e- nodoD atnidomodWiEied 34s0 SIRB@0 bPMIH¢IS002.3 SHRS inp@tsFiay thee mpdinkatian fraeesss @ral

bl ock diagramthat illustrates,the operatign of the re efficien

o 0ach B SO SOTISE Y ORS AhEr ORISR AT et UEIean0 BEBT!I B8 theg form
recei ved ,qfyikd ethe $0QpRAG MR i 1Bficass Sitpwardpkd b 8¢k cdidellafibe 1 nputs to

t he nodul ation process are 5 sequences of conplex words. These conpl ex
words are restrict thethotsapflag digitalvkat siepgn thatt fofwos the iapwtapithe OFPDM syiea @il ex

pl ane. This lattice is, often . referr to a.constell at.i T it

Phe.di gi PSR 08 BT He o g A MO el CHE ety ot ey e ot &l
assenbl eghibbPoMIiAls i®thel donsellaRMAtTd obliie tidEEnplen dobdsahat foaR dfdisphiotthe
base 2 log of the nunber of points in the constellation. Tgo obtain_ the

coffbl ex weadudationaroeess.nthe Higital pyards erer weed 15 aAgERSPEL Iooh t3e eEdhe cqnstellation ¢ al
wor ds are s d as addresses to a table of the constellation values. The

modul at ed’ rl)lu ‘'ses are entered into a shift register type nmenory 104 t hat

i ncludes a pl urali tTheohod®amd pulses atel @naed o aldBfi rédibtentybelb@morivib04 that
non- consecutive nodul ated pul ses g_separ at ed b{ one iul se) are conbined in
a pr oces dndedest 2 @lusglity st mepory dogstigas 190.4145% TReandi db¢-an] Vo nopgQnEEEIHVE

pl uralit i i : K " ! 0T inGn
et ned DS RbIsR (Eharklel By &t fisd s LB in Hioccd goRBRETITY, in
regl st er blodke 1defthe/didd@mhanrodyca apluralidyiof Yirsifordee rooy tdrms ahilinng 1420, 122

o the 7irst order i oN" BRI SUTGRPEH . Sl WFaPREy T SEbma P abred |
ot her S R o P ans T35
134. Thi STherB¥gwscesaris bpplisdpagaieds skawiy i bitsknlR6; dris tiofe o Hieelirsbprdler ewpr or s
to deri Veter?nrsr ?or obtain a plurality of second order error terms on line 128. The second order error
20 terms are stored in another shift register type memory 130, having memory locations 132 and
134. This process can be expanded using combinations of higher order errors to derive error
terms of any order.
The first order error terms are summed with the modulator outputs at
summation point 136, and the resulting signal on line 138 is summed with the second order
25 error terms at summation point 140. The resulting signal on line 142 contains an overlap as
shown by block 144. In the transmitter output, the compensated pulses must overlap since -
the compensation process does not reduce the lengths of the individual pulses. The
implementation shown in Figure 4 produces outputs in blocks of 270 samples (the symbol
period). But the pulse length is 349 samples. Therefore, the processing applies the
30 compensation to all 349 samples of the current pulse. It then adds the first 79 samples of the
current pulse with the last 79 samples of the previous compensated pulse and outputs that

sum together with the next 191 samples of the current pulse (after compensation). It then



terms of any order. The first order error ternms are summed with the

nmodul at or out puts at sunmation point 136, and the resulting signal on |line
138 i s suwowdogsaoph t he second order 25 error terns at sumcEitSon3gyes nt 140.
The resulting signal on line 142 contains an overlap as shown by bl ock 144.
In the transmtter output, the conpensat/ed pul ses nust overlap since the
conpensati on process does not reduce the | engths of the individual pulses.
The i npkarerthatlasoryIssemvpies nf Hiegeureend cpmpeusngsl pulsp divrscombibingcwgh dhe 228t

isl'ﬁgf Lfe zr éggie’ﬂ%%%a%h@gg ieﬁ’itfoﬁﬁ) P’f%géf’%%gsggfl E@ﬁ%&ggé‘rf}?hﬁor’?ﬁg%f ’ 3|48S sanpl es of

the current pul se. Fidyrt B&AWE Ay iRecdmpenkatioh 188RE affe@f nbABonseitivRPulRyl se
with the last 79 sanples of the previous conpensated pul se and out puts that

sum t ogefTheoveilath66 Msimwdates" 1tBd distorfibe shapfoceure vhenrtbeipulsed s gssdmlled into a

conpensation)..lt_then WD 03/ 052990 PCT/ USQ2/ 3 8 .7 saves, th ast 79
catpl o5 BPSE Haitk e s EEAFERG B e R 1or BN i PLepE (ginote.
conpensatrgd desmbaelatid68,fdiffedenélh e 70 0MAGNSEI &tbnPTH $108ucy Be Obinpeisafidh tori€76146.
Figure 3 shows why the conpensation process affects non-consecutive pul ses.

The over baythaghe sibitaction g8 nraducgs stror ficopulssat Bort dhe dengthsrof theseppitlsessstiglr e

assenbled_in a e, t4.al [ty | I i rtj.
conpens at }f%eﬁ& gl%e styrt1n|5[)so P ﬁ%@%dﬁt ?@rﬁ&"g % Eehr?pc‘t%lsl} p{% lésgart %n%’@%s R)!ﬁlﬁe% v%@%%%ﬁhag}olthoe 7 ‘%%ein
di f f er engisambldl, inRdpulbsiuthial | Dite oferiap 8dueeounksefoe € e iipi i thedemadulatin

that the subtraction 78 produces error free pulses. But the |engths of
t Hdse puBdediffstenring 86x modulatipr 9Q\amg stbisestiop 94 cpresidhe secon suies fherYat-ed

pul ses wiyl | p r i i

ver | ap 5 HIER S20 1R0F ARSI e Rt oRRRERIGE S, B 1 TR U 7 e el

di f f er encdrng ti aris® fromathe pnlsBOon aitickr sidbtof agfivenrpulst; cerfoetite d-thepudesothd (n-
source of _error, i.e. he over| ap. 82. Now the results of the first
conpensatl?'gh ngid, ané_&(}ﬁ]?)o%h p,uAse_é eqighg, FHH’UEémeJr%r oéonsF%‘Fer‘I’élyt gy né&‘lt]%é'"?hr% t he
pul ses 0@1-191')1tﬁ'§5uls%'s dereel gﬁt}éﬁtn8@%ls fhe h-tB-pulRl THE FVelihh BY &Bbindsh@irden-
1)-th, n-th”ana (n+l)-th pulses affect the error term76.” Consequently, the
(n51) - t heomsetutivarmhlse§ iven) thehoywpiits¥k aralf fhestforehie affattpditth®Oigh dhe ener termh 76,

D S ThE B bR IR 15 o 0B BBRSE bEFrR Y Lo

consecut iy @itRsH sikRSof al fvédpisavay, the conpensation process extends beyond
the pulses on either side of a given pulse. The algorithmused to perform

the functions il | udheatgodithm usidgamerfarmitie funeions éllusiratedrip Fegrre 4 wiH aqwere
detail. The .al ithmi t A - X! | | 20
conot ei | PeaRe? fhkieath daB 1 FodHITEER o pen ks AR BT Rhmbls Fled

vap es f cembtellation?®Bere n denotes the pulse number and m is an index that varies from 1 to 256.

For any n, X,(m) is non-zero only for those values of m, which correspond to an active sub-

carrier including the BPSK and IDS sub-carriers. The table below, lists the indices of the

active sub-carriers. As indicated in that table, the number and location of the active sub-

carriers is mode dependent. The main carrier is inserted later in the transmitter processing
25 sequence.

The outputs of the algorithm are 270 sample pulses, which, when
concatenated, form a train of overlap pre-compensated pulses. Each of these algorithm
output pulses begins with the 79 sample overlapped portion of two consecutive pre-
compensated pulses. The remaining 191 samples of the algorithm output are the un-

30 overlapped portion of the second of the two pre-compensated pulses. To be more precise, if
xa(K), k=1,2,...,349 denotes the n-th overlap pre-compensated pulse, then the corresponding
algorithm output is:



For any n, X'(m is non-zero only for those values of m which correspond
to an active sub- carrier including the BPSK and I DS sub-carriers. The

tabl e belwwao03los®ve t he i ndices of the active sub-carrier ®CTASY/SRIREat ed in
that table, the nunmber and | ocation of the active sub- carriers is node
dependent. The main carrier is insertedlater in' the transmtter
processing 25 sequence. The outputs of the algorithmare 270 sanple

pul ses, which, when co atﬁpﬁﬂﬁﬂ Jrrkgltjai.ngg)f overl ap pre-conpensated
pul ses. Each of thes g)a{yﬁdﬂ t hm out“g{i Joui ses’bégins with the 79 sanple
over | apped portion 0 needdt e pF®- conpensat ed pul ses. The

remai ni ng 191 sanples of the algorithmoutput are t 30 over] appe
portion of the secHid ofalgaghing 6?@3'E§onpégsat@8 pul&éﬁ?f To SB@%ﬂ}Drgprae’
preci se, A _KT 1 enotes the n-th overlap pre-conpensated
pul se, tlh‘féﬁﬁﬁéﬁ/gz? rll;l;)%%/ﬁ i1r17é2'i%;6lgfégri thm output is: W 03/ 022990 ™

PCT/ US02/ 38928 8 TRihe Afckagkdffetking lontphti5i@ is 88, AMy sdthp)le raten () 0X5404);299, ~ 270
The algorithmrepeats at the OFDM synbol rate,

1488375/%P12¥9=11025/ 64172. 266 Hz. The average effective output rate is the
AM sanpl e rat e: (l”glp%gxlogé@sﬁgeoe' iR WP BFDM - mddi@atme CEESMBBulRee bgputix,fP, OFDM
nodul ation. The nodul ator o tpét, x"(), i1s given by: xn()(k)=wmk)N ~Xn(m
exp 2. 7risgiven(l: 1+8N) (m1) J m1l fork=1,2,...,349 where X' (m) denotes
the conpl ex constellation pointg and wW(k), kzl,ﬁ, e 34(9 e the terms 10
of the root rai sedxc@ﬁ)l_ev)vcj()]}i .XT@Q.M’%QC’}[S (( ﬂlﬂLgﬁ ] Erlnfﬁgj is given by
X =x() - e(r) nnh “r=1 emggthé t'erms, en are 349 poindt colum
vectors defined next. fork =1.2. ... 349

where X,(m) denotes the complex constellation points and w(k), k=1,2,...,349, are the terms

10 of the root raised cosine window.

The pre-distorted pulse, Xy, is given by
Xp = XSIO) - Z eg’)
r=1

where the terms, en(r), are 349 point column vectors defined next.
For any integer r > 1, define the r-th error term for the n-th pulse, e, as
15 follows:
0 =[0x® -V x)
and
e = [0 e+ Vo]
where U and V are 349 by 349 matrices and x,01 and x, are interpreted as co}umn
20 vectors. The matrices U and V are defined by

w2(u)u =271,...349, v =u—270
U,, ={w(uw(u+N)u=15,16,..,93, v=u+N-270

u,v

0, otherwise

w(u)u=12,..,79, v=u+270
V,, = w()w(u-N),u=257,258,...,335,v=u+270-N

u,v

0, otherwise
The 349 by 349 matrices defined above are convenient for notational purposes
but are cumbersome (and unnecessary) for computations. The following steps evaluate U-a +

25 V-b, where a and b are 349 point column vectors.



For any integer r 1, define the r-th error termfor the n-th pulse, et,~r),
as 15 follows: e(') _ [u.x(0) +V.X(0)1 1 and e(r+l1) = U, e( )1 + V.
e()1] wheweoglosago V are 349 by 349 matrices and x"+, () ane@CI/ust2/}soas e
interpreted as columm 20 vectors. The matrices U and V are defined by

w2(u),u=271,...349,v=u-270 U',, = wu)Wu + N, u =15,16, ..., 93, v = u +
N - 270 O, othervmse w2(u),u=l1, 2, , 79, v=u+270 V, = wuwu - N, u =
257, 258,..., 385, ¢ )aggklr_ZYOZ 1\8450 ot herwi se The 349 by 349 matrices

defined above are conveni g onal ses ut are cunbersone

(and unnecessary) Fg]fn) ﬂf)a?&ongﬁ) h/‘:? EGI%M% éﬁg evaluate Ua + 25

gb \Aﬂerg 2 and b ale) 34\9:1;) kk+c2(5I6).l Vo) ofaxk%ﬂﬁl 0520 PCT/ US02/ 38928
c =1, 2, 349 70) ,.f k = 27

349 f:(i) w( k) W( k 455 )‘aﬁﬂg El’Y;kM‘w&*%%B 1éa( éeg )72 o e

c(k) +W2( k) b(k+270) ,c(lt))&ke:(k)+2v(k) Wik €250)- b{kex 14), +vxl(ok)cw(ik‘57236$ b(k838) ,

fork=257, 258, , 335 Modulator inputs that do not correspond to active

sub-carriers are set to zero. The follow ng table shows the nodul ator
i nputs that contai Mdmta{meimputdahaa doage cheespand ko adtive sublcatricon siei spt tmezemeen

nodul at or t .nu r.an ub- ca rier index relative to .t

The ol e elicring s FHboRE TablotyT P i genipiraos st dh pbaRe il e

I ndi ces DItk oQéqu Wetwt A 1t6F inbBChaSSer ahlY SRS ESiBkIHASK SelatieltD rﬂ%‘%ﬁltﬁ ofl

t hrough +52 2 through 53 +1 through +52 58 through 82 +57 through +81 205

t hSough #fs6nai2atrier.ough -1 176 through 200 -81 t hrough -57

Hybrid Mode All Digital Mode

DFT Output | Sub-carrier Indices | DFT Output | Sub-carrier Indices
Numbers Numbers

2 through 53 +1 through +52 2 through 53 +1 through +52

58 through 82 +57 through +81 205 through 256 -52 through -1

176 through 200 | -81 through -57

205 through 256 | -52 through -1

The above process can be performed in an apparatus for pre-compensating for
pulse overlap in a digitally modulated orthogonal frequency multiplexed signal, the device
comprising an input receiving a sequence of pulses, a first modulator for modulating the

10 pulses to produce a first sequence of modulated pulses, a first demodulator for demodulating
the first sequence of modulated pulses to produce a first sequence of demodulated pulses, a
first combiner for combining the first sequence of demodulated pulses with the first sequence
of pulses to produce a first sequence of error pulses, a second modulator for modulating the
first sequence of error pulses to produce a first sequence of modulated error pulses, and a

15 second combiner for combining the first sequence of modulated error pulses with the first
sequence of modulated pulses to produce a first sequence of compensated pulses.

The apparatus can further comprise a second demodulator for demoduIating
the first sequence of compensated pulses to produce a second sequence of demodulated
pulses, a third combiner for combining the second sequence of demodulated pulses with the

20 first sequence of pulses to produce a second sequence of error pulses, a third modulator for

modulating the second sequence of error pulses to produce a second sequence of modulated



205 through 256 -52 through -1 The above process can be perforned in an
apparatus for pre-conpensating for pulse overlap in a digitally nodul ated
or t hogonawofomsespsemcy nul ti pl exed signal, the device conpPCIIUsg2/38928 nput
receiving a sequence of pulses, a first nodulator for nodul ating the 10

pul ses to produce a first sequence of nHul ated pul ses, a first denodul at or
for denpdulating the first sequence of nodul ated pul ses to produce a first
sequenceebr gldsseda fairddopbise Sor eombBiningtthe sarbid eequence afanbdulated) etrbrepilsasst
sequence of denodul ated pulses with the first sequence of pul.ses to
produce ¥ithjthgfirss é%ﬂ}’éﬁﬁeeogqo%elnéarte‘ﬁﬁ‘iﬂé"ést,o PIOQEE S C‘?ﬁfldﬁ?ﬂﬁ?%% o SPREARAeGt i ng
the firstigequence of error pulses to produce a first sequence of

modul ated error pul ses, and a 15 second conbi ner for conbining the first
sequence of nodul afhe isvention plutthers endontpassee 4n pgparatye doe peecohpensefiisafad

ul_ses to produce.a fir. se nc f co nsat ed | ses, .The apparatus can
1I‘O uPt her EB]E?)PYegép an §élb%%§}y&%%gaﬁ?‘§?%?ogpﬁ?%m I&F’;ﬁﬁgexe? ﬁlgngli P gﬁmgg&&gnc e
of conpepgsat ¢st RILHRSE hBeRIGPY GT FulsBC 8NilsE Abdantst Pf medmalitgaitedpul sl Bes,
a third conbiner for conbining the second sequence of denodul ated pul ses

with t heprouéd psequssge oficrodsiateslipeless, nofipt sfairee elemaant donsteang diec mogdplatedr or

bul ses. t BUproa el el S AREE B RRaui: SEESHGATGISRER Rodke.

PCT/ USO2£@R8rd® of iitstedrier erbat tiss, a%eédﬂd@t&aﬁ@ﬂbﬁn@ﬂf fof etoriag il squendehed fastcond
sequence of nodul ated error pulses with the first seguence of conpensat ed
pUlses t erdsr gdor terms.sandom second) sembines forcahfrasiing @gh o the 8sst orges smey dertison

N e S e

an i npubppa@itud eaefiriheg campesue iidrl afmyititrses usiag fnonsbnsaedtivapdirs éfothe first
nodul ating the pul ses to  produce a sequence of nodul at r%;j@ﬁgl ses, first

storage BTISHERPT TFRs & Bﬁﬁdﬁﬁf # BeausBeruPagceend pides eor tgrmps, SHBRSRET gt
using nogs, Is¥§uehdd bf sbnd BRIRAYE AlRd Rl S BRrthQoR{HRMIGE: AddiSeaapnce

of first order "error terns, a second storage element for storing the
sdduenceobthef secsiid dfilepretter tanrsao dosrespondargdpseseinahd fustndmnmeensfted signal to

subtractiggléeach of the first order error terms from correspondi ng ones of
t he moduPHCEee Hifcend cogpensaiRdseral i rst conpensated signal. The apparat us

can further conpri §§e abkistiflg GRgRidACTorf @ls HSbittbrNOdlr GONRBLWIEY sl digitalf
the first order error terns to produce a sequence of second order error

ternms, asighilrptostssinggwhetegntiet varfoos nsedwldtion, dersodwaficmand eembiatentinetiensr
error terns i ner.for adding each 15 of the second order

angQ a fourth conb f
error tefHEPERFTEOSME IhARGP RO SHERLPIORCPHR £ rst conpensat ed signal to

20 While the present invention has been described in terms of what are at present
believed to be its preferred embodiments, it should be understood that various changes may
be made to the described embodiments without departing from the scope of the invention as

defined by the claims.



produce a second conpensated signal. The processing required for this

i nvention can be perfornmed using digital signal processing, wherein the
vari ous rnwouwBasidem, denodul ati on and conbi ni ng functi ons Pcarusbz3gees f or ned
in one or nore signal processors. 20 Wijle the present invention has been
described in terns of what are at presehk believed to be its preferred
enbodi nents, it should be understood that various changes nay be nade to

t he descri bed enbodWie it damedhisut departing fromthe scope of the invention

as defined by the_cl ai ) 3/.052990 PCT/ US02/38928 11, What is .clai ned
e 1 A e ned of 1oy o B e i P e antne0 S PR Avela df gl

modul at e, g0l si Iﬂqhggl%ﬁﬁchgﬁggﬁl?itﬁggst@&q)fsteps of : receiving a sequence
of pulses; 5 nodufating the pulSes To produce a first sequence of nodul ated

pul ses; denpdul at irgegivitiga $dqusncesdgubsagie of nodul at ed pul ses to produce a

first sequence of d ul at ed.pul ses;. conpining the fir S ence of
der?odul at ed pul ses %%P”F??Tﬁ@‘efm}l%f t%gliﬁ’ggﬁecagﬁﬁ Squﬁ’?%eeosfr I?%Cﬁ%?‘t%(gﬂ@ Sy first
sequence of error guhs@satidd thd dithtabéqi@nddef fhbdtlatse opiaes et praiucera Miktses
to produce a first sequence of nodulated error pul ses; conmbining the first

sequence sesfuenescfl demedulstedarulissl ses with the first sequence of nodul ated
pul ses to produce %m%bﬁﬁ&%%ﬁﬁﬁgqg u&&e%?ﬁgﬁgéﬁﬁgggﬁﬁgf%ﬁhﬂ%%gg¥??£§ﬁ&ﬂﬁ‘Of

claim1, further conprisi eps o etm) I'ng

sequence polkesopedita hdlistudhs@se bbepsrqaliles; a second sequence of denodul at ed
pul ses; conbining the second sequence of denodu] ated pul ses with the first
sdfuence of pul sedodylabingdhe drsl ssgemrg of SHOERECHIO BrodgFe B ltglsequence of
nodul at i guence of error pulses to produce a second sequence
20 of no uﬁggggﬁgﬁgggmgglses; conbi ning the second sequence of nodul ated
error pul ses with thmbhingthe feggagunee of modulpted satoe gulsed with theofipt saiuercea

second seenc SforReneaLed, Rl Soencd o foliobiaada SluRL & COmPensati ng for
2. The method of claim 1, further comprising the steps of:
15 demodulating the first sequence of compensated pulses to produce a second
sequence of demodulated pulses;
combining the second sequence of demodulated pulses with the first sequence
of pulses to produce a second sequence of error pulses;
modulating the second sequence of error pulses to produce a second sequence
20 of modulated error pulses;
combining the second sequence of modulated error pulses with the first
sequence of compensated pulses to produce a second sequence of compensated pulses.
3. A method of pre-compensating for pulse overlap in a digitally:
modulated signal, the method comprising the steps of:
25 receiving a sequence of pulses;
modulating the pulses to produce a sequence of modulated pulses;
storing the modulated pulses;
using non-consecutive pairs of the modulated pulses to produce a sequence of
first order error terms;
30 storing the sequence of first order error terms; and

subtracting each of the first order error terms from corresponding ones of the

modulated pulses to produce a first compensated signal.



nodul at ed signal, the nethod conprising the steps of: 25 receiving a
sequence of pul ses; nodul ating the pul ses to produce a sequence of

nodul at edwpuwBsE2990 storing the nodul at ed pul ses; usi ng nomCTArseEsI9L8 ve
pairs of the nodul ated pul ses to produce a sequence of first order error
ternms; 30 storing the sequence of firstl2order error terns; and subtracting
each of the first order error terns from correspondi ng ones of the

nmodul at ed pul ses tg. pr oQHe tethodiofslaira Grprtheat@tpsdiggtle.step®of:3/ 052990
PCT/ US02/ 38928 12 4. The nmethod of c¢laim3, further conprisi ng t he steps
of . using non- consbELg i RAR-GoRReCHYe Rape 9f fher fgHqerden sy EEPSHEC t FORPSdace a

sequencese(rglé‘ﬁcgcr?g@gwggg)?%%%yophangl rns; storing the sequence of second order

error term eac >the second order error terns to
correspondi ng pul sseerihgtelseqidncs bf seconperdsadret teingnahdt o produce a second
conpensated signal._ 5. An_apparatus. far pre-conpensati n%df or pul se O\L{ﬁ%‘fl ap

inSa digitally rnoeifing sarhglf ihegecond ardgrsrrorderainp coLriRpiding Auffist i e disty i ng

a Sequen&ﬁ?}?éns&wlﬁ al tgygr@dufcé h $LcoiR uinptiRhteliQfgnaRdul ating the pul ses to
produce a rst sequence of nodul ated pulses; a first denodul ator for

denodul ating the fbrst aagammncguofornputdoatpesapinl sfes pulse prasdncia a digitadly
sequence of d%ﬁgdul &ed ulses; a.first conbiner for conbining the first
sequence™Sfgidseneh it OUIRSg 15 the first sequence of pul ses to

produce a first seglyﬁ@geréggivﬁ{graogeq@éﬂcg@ispulge@econd nodul at or for nodul ating
the first sequence of "error pulses to produce a first sequence of

ndéul at ed error pubdust medylinrfer cerdsilatiog the pudssatip mradpcene firstr sequesgudnce
of nodul atog'1 rroLS gul ses wth the first sequence of nodul ated pul ses to
produce O Y&qtrence of conmpensated 20 pul ses. 6. The apparatus of

claim5, further compsidhiodilatorFoCamtbdienagthafitt séquencesfatdoduiitbd gulséieto
first sequence of conpensated
produce a first sequence of demodulated pulses;
a first combiner for combining the first sequence of demodulated pulses with
15 the first sequence of pulses to produce a first sequence of error pulses;
a second modulator for modulating the first sequence of error pulses to
produce a first sequence of modulated error pulses;
a second combiner for combining the first sequence of modulated error pulses
with the first sequence of modulated pulses to produce a first sequence of compensated
20 pulses.
0. The apparatus of claim 5, further comprising:
a second demodulator for demodulating the first sequence of compensated
pulses to produce a second sequence of demodulated pulses;
a third combiner for combining the second sequence of demodulated pulses
25 with the first sequence of pulses to produce a second sequence of error pulses;
a third modulator for modulating the second sequence of error pulses to
produce a second sequence of modulated error pulses;
a fourth combiner for combining the second sequence of modulated error
pulses with the first sequence of compensated pulses to produce a second sequence of
30 compensated pulses.
7. A apparatus for pre-compensating for pulse overlap in a digitally
modulated signal, the method comprising the steps of:

an input for receiving a sequence of pulses;



pul ses to produce a second sequence of denodul ated pul ses; a third conbi ner
for conbining the second sequence of denodul ated pulses 25 with the first
sequence wD opb®es to produce a second sequence of error Ppardse?/3s2s hird
nodul at or for nodul ati ng the second sequence of error pulses to produce a
second sequence of nodul ated error pul ses; a fourth conbiner for conbining
the second sequence of nodul ated error pulses with the first sequence of
conpensat ed pul sesat firsprraddidgor HEGAGhISEHUERE Hules B0 pLadipe Ns abQiknpel| &fes.
7. A apparatus for pre-conpensating for pulse overlap in a digitally

nodul at etrodilgiedipulsedie net hod corrprl sing the steps of. an input for

recei ving a sequen f 8928 13 a first
nodul at or for nodu?zitrél%r?)bog ee?én?n ﬁéwg&@%%éﬁte of nodul at ed

pul ses; a first st @rfﬁgeccﬂhlﬁﬁﬁnforﬁmmgsﬁmmagedlﬂnee paitslodttee nudukes], pasdsi tost
conbi ner faor using non-consecutive pa| rs of the nodul ated pulses to 5
préduce Broduefesrddense Giiffrgtiordgre@ior (MY terns; a second storage el ement for
storing the sequenggeindldibike AlafiRht Bl QbridifSequéld i HECHAL CREDIARL, T of
subtracting each o e firs er error terns ﬁrom correspondi ng onés of
t he nmodubmat ed pul ses to produce a first conpensated signal. 10 S. The

apparatus of claim7, rther. co the ste a third c r for
usi ng non- consecutf‘\ﬁéC ?%mlb‘f’ert% @frgﬁln@r%ﬁ %fpt?‘BrértSTePﬁG’ efrBrS
Sequencec Qe GEAAL osdFihEhb@lafed piRes B Jrbicd asfil@tr@ﬂ?pe%bﬁé@ﬂgnilor st or . ng
t he sequence of second order error terns; and 15 a fourth conbiner for

ad@i ng each of the8secofte oppieatugof daint *é,rfnﬁhetr@onmxsmstb@ﬁdpwgf puI ses in the
first conpensated SItl% dal comgmgr Po(fI lﬁgﬁg%o%%%gge%ug ve”BelPsS&t t%d ﬁsrst%rger error terms

to produce a sequence of second order error terms;
a third storage element for storing the sequence of second order error terms;
and
15 a fourth combiner for adding each of the second order error terms to

corresponding pulses in the first compensated signal to produce a second compensated signal.



