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Abstract: vwobgish@d of estimating SNR for a plurality of pegséoars: nodul at ed
with digital information, wherein the digital infor- mation includes data
baud and training baud, conprising the steps of: receiving the plurality of
carriers; determining a first SNR for fhe data baud; deternining a second
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embodi ment, the carriers are proc8¥8&BM o produce an equal i zer output for
each of the carriers, and the equalizer output is processed to produce a

synbol decision for each @Aﬁ@ﬁo@%bﬁﬁ%ﬂg@l\ﬁ lizer output is
subtracted fromthe synbol decrsion wien a data ud is received to
produce a first di ffhey owemioparlates tamefiic heoaddastyg aiidf mereepardcwaallyu® i s squar ed
to produce guhlid Stang! { Rr BRI 8ne Shd - Eyice | i-zer, . output is also
subtract ed#r om praé]gea?%%rﬁl.nea trai Rignl Jggt%]gm?/\eh%ﬁo ﬁfﬁifgﬁtg Balied i s

recei ved t & apraouhlitnde modelalohepmetatible digtigldrapdtaséng sysierd. t he second di fference
val ue 4§ s squared to PLRINCE, A, SSARH. ShgRa! 4t I.86:.eSkl.nat.e. . Appar at us
that performs the abO\?e met o‘é 'S lai’sot [ nclflutgcegggs%ﬁgﬁ}-'})g%fﬁsﬁ%4 Decenber
2003 digitally encoded audio signals to provide improved audio fidelity. Several approaches

have been suggested. One such approach, set forth in United States Patent Ne.

5,588,022, teaches a method for simultaneously broadcasting analog and digital signals

in a standard AM broadcasting channel, - An amplitude modulated radio frequency

10 stgnal having a first frequency spectrum is broadcast. The amplitude modulated radio

frequency signal includes a first carrier modulated by an analog program signal.

Simultaneously, a plurality of digitally modulated carrier signals are broadeast within a

bandwidth that encompasses the first frequ;'-:ncy spectrum. Each of the digitally

modulated carner signals is modulated by a portion of a digital program signal. A first

15 group of the digitally modulated cartier signals lies within the first frequency spectrum

and is 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 cardier signal.

The waveform in the AM compatible digital audio broadcasting system

20 described in United States Patent No. 5,588,022, has been formulated to provide

sufficient data throughput for the digital signal while avoiding crosstalk into the analog

AM channel. Multiple carriers are employed by means of orthogonal frequency division

multiplexing (OFDM) to bear the communicated information.

Monophonic detectors for consumer AM radios respond only to the

25 envelope and not the phase of the received signal. Because of the use of the multiple

digitally modulated carriers, there is a need for a means to reduce the envelope distortion

caused by this hybrid signal. United States Patent No. 5,859,876, assigned to the

assignee of the present invention, discloses a method for reducing envelope distortion in

an AM compatible digital audio broadcasting system. Certain digital carriers that are
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OF THE | NVEMIdo@idhi s invention relates to radi o broadcastifgeafid, nore
particularly, to nethods of and apparatus for estinmating signal-to-noise
ratio (SNR) of digital carriers in an anplitude nodul ated conpati bl e

di gital broadcasting system 5 There hag€ been increasing interest in the
possibility of broadcasting digitally-encoded audio signals to provide
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Patent No. 4R F%?- a ormul.ated. t rovide sufficient data
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envel Bpe andadmsuretphascphapencols of haeceied ORDM SigiapdignaBeTRdIsRp@Tofihe use of

the multip i gi . lated carriers, there is a peed for a neans to
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20 would be detected and the digital broadcasting signal information would be

unrecoverable.  An equalizer enhances the recoverability of the digital audio
broadcasting signal information. One such equalizer is disclosed in United States Patent
No. 5,559,830. The equalizer disclosed therein includes means for receiving an AM
compatible digital audio broadcasting waveform and storing that waveform as a
25 waveform vector. The equalizer then processes that waveform by multiplying the
waveform vector by an equalization vector. This equalization vector comprises a
plurality of equalizer coefficients, each of the coefficients initially set to a
predetermined value. The equalizer then compares each location of the processed
waveform vector with a stored waveform vector. The equalizer selects as the signal that
30 vector location closest to the stored waveform vector. Preferably, the equalizer includes

means for updating the equalizer coefficients using the waveform vector, the processed



above the frequency of the analog AM carrier have an associated digital
carrier that is at an equal frequency offset below the anal og AMcarrier.
The data and nodul ation placed on the upper digital 2C&eFiheraid its
counterpart are such that the signal resulting fromtheir addition has no
conponent that is in-phase with the analog AMcarrier. Digital carrier 5
pairs arranged in this way are said to be conplenentary. This configuration
delivers dramatic fidelity i nprovem?nts to anal og AM reception of AM
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interference that affects only part of the frequency band. Therefore, there is a need

for accurate SNR estimates in In-Band On-Channel (1130C) DAB systems using
orthogonal frequency division multiplexing.
SUMMARY OF INVENTION

In accordance with a first aspect of the invention, there is provided a

method of estimating signal to noise ratio (SNR) for a plurality of carriers modulated
with digital information, such digital information including a data sequence and a
training sequence, said method comprising the steps of receiving said plurality of
carriers; determining a first SNR estimate for said data sequence; determining a second
SNR estimate for said training sequence; and using a combination of said first SNR

estimate and said second SNR estimate to produce a third SNR estimate.



frequency domain information is presented to the equalizer as a frequency
domai n vector. Each block of frequency domain inforpbienndrsogsored in a
storage array. This storage array vector is nultiplied by a plurality of
equal i zer coefficients. The resulting product of this multiplication is
the equalized signal. A set of exact values is known a priori in the

equal i zer agai nst which each vector j,ocation of the equalized signal can be
conpared. The ideal value closest to that described in the vector |ocation
is chosen as the actual signal value. The vector of decisions is stored in
a decision array. Ul ndokilge MifCPLUSH SHANE me ilEmBAURLEIEGDLENal and
deci sion array, an equaPlzer coeffrcien estimator cal cul ates coefficient
est i mat es an Hpparatag éorofstimatafef $ignabme nopdatte (FNRIriei pegurabguel ¢azmars noi se
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of the ot &R esamateers due to frequency selective fading or interference
that affects oply. Qf; f : e here is a need
for accurate S cé:g]?iriﬁr%t éﬂs]td?lﬁrdla%?e%gﬁgﬁ%q?%ﬂ%ﬁﬁ%?& 1%%%%‘%8 AB systens using
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accor dance,w - F . 1 . 1S : i;ded a
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i ncl udi ng C kN i conpri si ng
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sai d traighngiPRIHARKE 1 PRedShing BieGRIRERAL L8R rR s @hold Jrikia SNR estinate
and sai d second %ﬁg.esttﬁ%ﬂtg to prsogl_uce a t__’iardog%ﬁ:'% es ?r?a({g] 24Decenber
2003 3a | irsi SHBragd paidseppndBNR basehercsalspmparisgi. t he i nvention, there is

provi ded an apparatus for estimating signal to noise ratio (SNR) for a
plurality of carriers nodulated with digital information, such digital
information including a data sequence and a training sequence, said
apparatus conprising: nmeans for receiving said plurality of carriers; and
means for determining a first SNR estimate for said data sequence, for



determ ning a second SNR estimate for said training sequence, and for using
a conbination of said first SNR estimate and sai d- sprbagmENRoeSt i mate to
produce a WRitp/@7IENR esti mate. I n accordance with a thi rectaspectriof the
invention, there is provided an apparatus for estimating signal-to-noise
ratio (SNR) for a plurality of carriers nodulated wth digital

information, such digital information i ficl udi ng data baud and training
baud, said apparatys co isjng: an input for receiving said plurality of
carriers, an SNR pﬂ'i’)glffsfg Fm?dlo‘?“g‘]la’@t‘%‘f”l‘ritﬁ? FRITIES PRerpcesikig producei ab dat a baud,

and for detqamcRicaguafseaanes HSNBrie:, Haife ug@iimrrwa@%d'm@ﬁ%%ar ator for
conparing at Ieasstgglgnle of. said first SNR and said secona SNR t o
pr edet er i FRANEE ¥RPYISsCizipT {q8epch of g cangsrs. s BResrauplivgr opieut i subtaated first SNR

and sai d see@nge SNBoba&ashnORhendd Bats BRRIPK irsdeRBd 12 AromMRE SRS 4ifdQR. VO
00/ 79710 P /Usgfgﬁ’%yéhi? In the preferred enbodi ment, the carriers are

processed YA flergaalaivels wutplite rreduce adistINR ptimeter r Ther s, and  he

equal i zcr et oltpulls QBE$TREcI® frop HREGS AN YRS &Hi‘&h/ﬁie% n]faﬂﬁ each of the
carriers. Tt)lﬁ_equa izer qutput is subtracted fromthe s ol "d&ci si on when
a data baubPifds FFededJe aroferefrssenndaliiersnce yelugyiang the serond diffgrenerovaliend t he

first diffR:QRERA W plodfclaSedAUSNREstRatpr 0Oduce a first SNR estinmate. The
equal i zer output is_also subtracted frompredetermned training data when a

training baud is rdEeiEaI aporngemPassesce rpettion ef eradie Greduensy and t he
second di f feesans uavalive tﬂesabswa%%,tag_vmiloe@%&arauéﬁxgpﬂﬂfoﬁhﬁh%%%@t e. The
i

i nvention al so, enconpasses the_operation of radio frequency ecei vers
that util i Pethehendipdiy Beqppnoydercivas thas Incluge thy spreratitsus t hat perforns the above

met hod and radi o frequenayr DeSERWERBN GRTHE MR AANGSe apparatus. BRI EF
DESCRI PTI ON OF THE DRAWNGS The invention Will be nore readily apparent to

those skilled in théhapyenion wilbpemersaeadily apnsesnbiodnsp siiljsdig thramtiyngs

wher ei n: 1,%;&4“@%%&aci;&nd@nﬁhggfa%m@wh&cinlfepresent ation of a prior art
conposite analog AM and digital broadcasting signal; Figure 2 is a block

di agrldm of a recei vERUMALS FediegrABmgte repieseBiRn @fs2 ipriat ad reondposite s

i nventi On;arﬁi@%aﬁdhiﬁitﬁbf&ﬁ%@i@%ﬁ' ock diagramwhich illustrates the
operation of 20 a denpdul ator and adaptive equalizer using the SNR

estimation method ofigus 3 is # eskidiagram ofp genetyerithasmay finchuleithn SNRbI ock
di agr am Whigghhaiidd shit fivEmiohhe method of

Figure 3 is a functional block diagram which illustrates the operation of
20 a demodulator and adaptive equalizer using the SNR estimation method of this
invention; .
Figure 4 is a functional block diagram which illustrates the method of
SNR estimation of this invention; and
Figures 5 and 6 are diagrams showing the power spectral densities of
25 nterference scenarios for in-band on-channel digital audio broadcasting signals that can
be processed using the method and apparatus of this invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The hybrid in-band on-channel (IBOC) digital audio broadcasting
system permits simultaneous trﬁnsmission of analog and digitally encoded audio
30 signals in the same channel. The transmitted signal includes the current analog AM
signal, bandlimited to an audio bandwidth of about 5 kHz, and digital carriers that

extend about +15 kHz from the AM carmrier. In addition to transmitting digitally



SNR estimation of this invention; and Figures 5 and 6 are di agrans show ng
the power spectral densities of 25 interference scerbéRmbé@003 Nn- band

on- channel W@o§7278 audi o broadcasting signals that can ¥ayspBFIEssed usi ng
t he nethod and apparatus of this invention. DETAILED DESCRI PTI ON OF THE
PREFERRED ENMBODI MENTS The hybrid in- bang on-channel (I1BOC) digital audio
broadcasting systempermts sinultaneods transm ssion of anal og and
digitally encaded audi o,. .30 signals in-t sanme channel. The transmtted
signal i ncFB%?@%‘?H?Z"’ ?ﬁr‘%’%ﬁ? ¢ %T %&0 ﬂﬁogicaﬁ'a‘fafryngﬁﬂﬁ'll fai edlgd edrab¥pzaudi o
bandwi dt h eéquaieuThis biddacasiiis di@iniplshe@atyl tr@kSithkal dighXt SR Rk 15 kHz

fromthe AMcarrier.. In addition to transmtting digitally WO 00! 79710 5 24
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peri odi cal loy whithraye kbdiMiedit qradratuledliti tHe 2nhI0E RO sBAURA G pobitofed
broadcasting,is acco%l i Shed transm tti ??I%Ua di.gital waveformby way of
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a plurdl ity r oS r{%?rm”f?’g?fggﬁc?a i AL Sroadertineatian! bormawiicanl ri er s,

some of wehaby.aTie emeiting dagtal Aneiaske alodiRewbbit ihpRase b RoANLsignal and
are position i} the s ectraltioé%gj on where the standard AM

d 5 wth
br oadcast i ﬁ"'d‘?lsq‘%ﬁ‘\%"g signal Anfljage pasi inghe semserhamishishagnaRegghMal carriers
are nmodul aisidalbwitlin sfecpilasgomnoherethg Uasds @M Signabdbés ddd Bavi A EkAM Si gnal

and are positioned i the sane channel as the analog AM signal, but in
spectral r&Bi&h sﬁ’meeﬂ’é‘“‘pﬁéat%?zg'le SBISROPE Pl brepdedsting tationg aregesyifted cant

ener gyo | nif BeokdahéeedibradRsl, CodntBurBitlist CoRmkioA\FELPAdaAsLANG i ations are
restricted 10.in _ac?‘%rvdance w.th Federal Conmuni cations Comm ssion (FCC)

regul ati on& s ¢ fignal Gvelpask detdeg sush fhak epissigay ! Gekiln b Omremesed  eni ssi ons
10. 2 kHz t GroRDihkHaalbe warvied mubt wymartdneatenal Rekt 28rdH 8El0WUEE uRGo@idignuat ed at
| east 25 dB hel ow.t he L]mrm,dul ated _anal og carrier |level, emssions 20 kHz

to 30 kHz PBHOR EATFY I5¥A! FRissigng Dgktlater 1 bRz Feqved dromy the poalpe garder | east 35

dB bel ow t histpeaeinhatest BaakoUBCEHIS Sfe LiYRliatedNHaldd aes RivANEn 30 kHz to
60 ngrermved_ fromihe anal og carrier nust be attenuated at |east [35 dB
d

+ | k Hz PPEEI0BA¢ KEZ (b BF 3mayed Foroide aatiog exnerapist be pitepupted 4t shows t he

spect r um ofieag T35\ i 10i5/Rz |28 RinahSiRacAedd Mflog SiHRaLvepf @ type that can be
utilized by the present invention. Curve 10 represents the nagnitude

spectrum of a st andaF#"5r babRysstie fgeamm pt am dMutigilaheedio dropdedstingnher ei n 20
the carri Chighf%ra fedi 8ACse @iisbfby HBpreGirifRARA ChvdTKplednls G eCNL e DY
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item nunber 12. e OFDM waveformis conposed of a serie ata carriers
spaced at mMagmindsgpesymm of geigndayd Gyoyicastipg ppjindesaaduiyed sherfal, veherey oup of
t went yg f OUkheOfarridiGhias a frequency of f,. The FCC emissions mask is represented by item

number 12. The OFDM waveform is composed of a series of data carriers spaced at

fi = 59.535 = 10°(131072), or about 454 Hz. A first group of twenty four of the
digitatly modulated carriers are positioned within a frequency band extending from (fy

oo 12 fy)) to {fo + 12 f;), as illustrated by the envelope labeled 14 in Figure 1. Most of

25 these signals are placed 39.4 dB lower than the level of the unmodulated AM carrier
signal in order to minimize crosstalk with the analog AM signal. Crosstalk is further
reduced by encoding this digital information in a2 manner that guarantees
orthogonality with the analog AM waveform. This type of encoding is called
complementary encoding (i.e. éomplcmcntary BPSK, complementary QPSK, or

30 complementary 32 QAM) and 1s more fully described in the previously discussed
United States Patent No. 5,859,876, Complementary BPSK. modulation is employed

on the innermost digital carrier pair at fp + fj to facilitate timing recovery. These



digitally nodul ated carriers are posi-tioned within a frequency band
extending from(fo - 12 f1) to (f0 + 12 fl), as ill2sbéRibe 2093 t he

envel ope | saedoernid4 in Figure 1. Most of 25 these signal gegi&ophdced 39. 4
dB lower than the |level of the unnodul ated AM carrier skgnal in order to
m nimze crosstalk with the analog AM signal. Crosstalk is further reduced
by encoding this digital i nformati on i n @ manner that guarantees
orthogonality with the anal og AM waveform This type of encoding is called
conpl enent deyieshaestnga [evelof -Bothy efbotharoprrBRSK thic GRPERUEAAIYePSK, or 30

conpl ement gJfy SAM re f descr revi ousl y
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Sinilarly, 't (gfll§ﬂ$l§teﬁ?r@t°rcﬂr8ﬁ‘ff§ 2B dft-phase signation ‘“F.Zliol@ iangnatratuge
signal on line 122. The in-phase channel output on line 120 is input to an analog-to-
digital converter 124. Similarly, the quadrature channel output on line 122 is input to
another analog-to-digital converter 126. Feedback signals on lines 120 and 122 are
used to control the automatic gain control circuit 116. The signal on line 120 includes

25 the analog AM signal which is separated out as illustrated by block 140 and passed to
an output stage 142 and subsequently to a speaker 144 or other output device.

An optional highpass filter 146 may be used to filter the in-phase
components on line 128 to eliminate the energy of the analog AM signal and to
provide a filtered signal on line 148. If the highpass filter is not used, the signal on

30 line 148 is the same as that on line 128. A demodulator 150 receives the digital
signals on lines 148 and 130, and produces output si gnals on lines 154. These output

signals are passed to an equalizer 156 and to a switch 158. To obtain higher signal-to-
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wi ndowi ng and guard interval renoval cw ik %ﬁese s gnar’s may be
provi ded bynd quadrature {Q) signals are prowded on lines 148 and 130 as inputs to a

windowing and guard interval removat circuit 170. These signals may be provided by
using down converter elements similar to those shown in Figure 2. The window
should be applied such that the digital carriers remain orthogonal, or at least the lack
25 of orthogonality among the digital carriers is small enough not to impact system
performance. The 1 and Q signals are synchronized to the transmitted baud intervals
and each baud is input to an FFT circuit 172. In some cases it may be advantageous
to perform the windowing and guard band removal operations prior to processing by
highpass filter 146. The outpuis from the windowing and guard interval removal
30 circuit 170 are input to the FFT 172. The output of the FFT is input by way of lines
154 to the coefficient multiplier 174. The coefficient multipiter adjusts the magpitude

and phase of the data for each digital carrier to compensate for channel effects,
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can al so b REUTOmSERalR SERMELACHESACIBLS LD a0 equal i zer. 20 Uni ted

States Patent Nunber 5,559, 8 escribes one no Vg SCFBhf or an
equal i zer Hesg#ligemn equal i zer coefficient update algorithm The present

i nvenpi on enhances {ARePRELES PRflnC Nl S d5 8l 20d equal i zer coefficient
operation for an equalizer having an equalizer coefficient update algorithm. The
present invention enhances the operation of the equalizer and equalizer coefficient
update algorithm by estimating the SNR as illustrated in block 180. Block 182
illustrates that the SNR estimates are used to adjust the equalizer convergence factor.

25 The SNR estimates can also be used to improve the performance of the error
correction processing. Error correction that uses convolutional or tutbo codes and
trellis coded modulation are examples of cases where the SNR estimates can be used
to improve the error correction performance. As shown in Figures 2 and 3, the carrier
SNR estimates from black 180 ﬁe mput {o a switch 158. When the current baud is

30 determined to be a normal baud by block 165, the switch passes the carrier SNR

estimates to the deinterfeaving and FEC processing block 164.



update algorithmby estimating the SNR as illustrated in block 180. Bl ock
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adjusted such that the lowpass filter bandwidth is decreased as the number of SNR

estimates is increased. Following lowpass filtering, the normal and training baud
_ SNR estimates from all carriers are input to a hypotheses testing circuit 220.

25 The hypotheses testing circuit 220 processes the SNR information,
determines the most likely interference scenario based on known typical interference
scenarios in the AM band, and can improve the estimates based on the most likely
interference scenario. One of the most likely scenarios is that of second adjacent
channel interference. Figure 5 shows the spectral overlap that occurs when a second

30 adjacent interfering hybrid digital audio broadcasting signal 222 that is lower in
frequency is present.. As can be seen, the digitai carriers from the interfering signal

222 overlap the digital camiers from the desired hybrid digital audio broadcasting
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adj acent, first adja and co-channgl .interference. For exanple, Figure
6 shows the spectral g%gfeaF P’g’ﬁﬂ}eﬁegttesgd:%g%d%'é’ﬂed;m‘f‘i‘"f‘%'t‘YPa?i’jl wgasference nt er fer i ng
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station. | noa(gg.iqtji on, if the+ NR estimates for ?he digital carriers

i ncreases 18r&H SPRICE af AbRUC H1R Kz, tyhske % fipvhn adisrant 1296 airisn woull bo  about 5

kHz away, tdtatedyeepebsdnds bhdnifidadi Gidled af MG BEQSE L 1 3h .84l acent
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the presende taé dighdl carriers increases for carriers that are farther from this Jocation, up to

about +5 kHz away, this would further indicate the presence of a first adjacent
interferer. Also, the SNR estimates for the digital carriers about -5 kHz to about 5
kHz from the desired AM carrier could be averaged to determine the presence of the
25 digital portion of a first adjacent interfering station. If a first adjacent interferer is
determined to be present, SNR estimates for the carriers near about £10 kHz could be
calculated based on the SNR estimate of the carriers in the regions that are about 5
kHz away from the interfering AM carrier and knowledge of a typical spectral slope
of the analog portion of an AM station. The advantage of this approach is that the
30 SNRs for the digital carriers that are about 5 kHz away from the interfering AM
carrier will be higher than for the digital carriers located near the interfering AM

carrier, and the power spectral densities for different AM stations is similar.
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squar es ( RISpt mPmageared (Gd1S) ohresulsiay &ast sqmquadkh&)et'ﬁmet digdrithanhavelas t he
respogge ti DBl Gha [ response, .correspondi ng
to a large convngencrl%h %é?ﬁ(}?% Aélrs%?& tﬁoaé)g'fgh%l af?nd cod‘ﬁ 10§ nFcé‘I

condi t i ons respessk.oomrespandpgris e lagyr cawpgemte ngetéro pmtmﬂabxdc@mﬁfggemce factor,
al | ows noregro Resd h c se. As shown in Figure
3, the car rélger Ll%kl‘lg g'gs ?&mﬁt&ggﬁggrpgmte (%5‘% fp%%(%éﬁ% s“faE] OB&fﬁﬁ‘T"IC%g”r"“’é’onver gence
factors. Wabews Ner61r5bi$l\5brémnm¢atlrelhtquesenccaf ndieer Asshoeh ai Figale)s, hiiegh its
conver genc |zer coefficien

o gor 1 £ Faroa v <R RO e BT BRhsRRR aios MIERAES  he
synbol3 i nf &NRatstiowtei for &rrovan lifEhtlmhlgh,rlﬁlmnWQgEbmﬁc;toxacah&l‘e%ge Tiver gence
factor can i han for aud ecause the
symbol deci g?a(gl%%et\%ﬁ{fg{mup%%@ %%PR&M%%E T e eCtS g“ir’ﬁlemg’ﬂﬁ‘? RO The use of
this 20 eqésbiuzerthe otywdplenforndtiant ior kta:dqmsﬁtrrreath ahigoei biud, Wi tirgbhe carrier

SNR esti ma bov as. been 0 toresult in

i mpr oved ptgrg? ?%mne(rzg&gg%a%sbedﬁgg férqg‘i?rhga 6)"’“"t?1 P"zfgr QO%EB?%EC%F\M gence

factor or dmhmitdeusenhwdd)mhebeseIMBﬂstlf tig daoier SR RElbe. t Tee &R OThid he di git al
nent . a.conbj t he two

S?SLQ - f o- 1 In Ll‘agfger?at %rggrtglf |f§ct e c e @laguiyp ?vb[l‘g‘ger ﬁ?‘Bﬁ’éggﬁq?ﬁé‘F"aﬁf‘o noi se
rati o algorithm as described above has been shown to result in improved performance over
systems that utilize a constant convergence factor or do not use hypotheses testing to
estimate the SNR of the digital carriers. In an altemative embodiment, a combination
of the two signal-to-noise ratio estimates can be used to form one signal-to-noise ratio
25 estimate. This resulting signal-to-noise ratio estimate can be used to control the
convergence factor and used in the error correction processing.

This invention provides a system for estimating SNR and adaptively
equalizing an amplitnde moduiatgd compatible digital audio broadcast signal. In the
foregoing specification certain preferred practices and embodiments of this invention
have been set out, however, it will be understood that the invention may be otherwise

embodied within the scope of the following claims.



25 estimate. This resulting signal-to-noise ratio estimte can be used to
control the convergence factor and used in the err o4 B&emB&GL0ON
processing. This invention provides a systemfor estinmating SNR and
adaptively equalizing an anplitude nodul ated conpati ble digital audio

broadcast signal- In the foregoing spfy{;i fication certain preferred
practices and enbodi nents of this invention have been set out, however, it
wi |l be understood that the invention rmay be otherw se enbodied within the

scope of the following clains. 24 Decenber 2003 12 CLAIMS: 1. A method of
estimating sighal to noise ratio (SNR) for a plurality of carriers

nodul ated with digital information, such digital information including a
data seqiddd¥S: and a training sequence, said nethod conprising the steps

of : receiving sai d Pl UK @ethbd oPEstim@ngi sl to.nmsesrag@tmfw Rﬂuﬁh&' of St SNR
estimate for sallg data sequence; determ ning a_second estimate for said

trai ni ng “CEgHERGHated qb%'f’]rf@f"ﬁ“ﬂeﬁffrﬁ‘fchgtgﬂﬂﬁ“ Brmakon; ‘ECIW%étda‘SRR“%‘El mate and

said secaﬂdatﬂ}&@ﬁmetmiﬁdmtho@m@uﬁﬁgmeitépsbﬂl SNR estimate. 2. The nethod of
claiml1, wherein sai.d s ermning a first SNR .10 estimte for

sai d data sequencéec‘:é%'%?aldgpégal‘[%‘gc%‘f'%rfi of estimating the noise power for
sai d5dat a sequendetemrutxgmd'nsraﬂkzstmgtetfhealddataseq&qteence noi se power; and

wherein said stepgf g{%} rsggo #ﬁ@Ranﬁ?t@?J?%%@%&é teea [ior said training

sequence conprises t estimatin power for said training
sequence and nor Mg ﬂzqoﬁlgmﬂtl@e OfﬁﬁaifmtﬁgR%qMésaﬁtﬂmd pBRestimagBo 3. The

met hod Ofprdahd@iahild SNR dstfdte. CONPr i sing the step of using the third 20 said
third SN& estimate based on said conparison step. SNR estimate to control a

convergence factof i n Bfi "garf e 1 , pherpiesaidester off dgftrmining hfirst Sfer ei n t he

st epoof w&inag far @EMiaRejubRe c@ﬁpnsamct stei:lot" Edtimathlg tReSiioisBBbwer Jstdaig @aond SNR
estimate _to_enhance sai % data sequence conprises the

st eps of Seqélencea" mma fmqt{w 8?1“6"031“01%3611’03%?‘} st SNR estimate and said second
SNR estimate wit h/haerprsgge;teptdfrceshmhndg aceond i SNR toimpreddetadd mriniegl sel ection

criter i cdibifle 36hitd A9 50 8r Alinddlsdnd h{;@%ﬂ% #3hit Mg g%eéc%'aquecond SNR

estimate use e net her rising the step
of: 25 |@W}ghﬁggthwraﬁma%ﬁ%camsqnowglt and said second SNR estimates prior to

thestep of 3. The method of claim 1 further comprising the step of using the third
SNR estimate to control a convergence factor in an equalizer.

4. The method of claim 1 wherein the step of using 2 combination of said
first SNR estimate and second SNR estimate to enhance error correction of said data sequence
comprises the steps of:

20 comparing at ieast one of said first SNR estimate and said second SNR estimate
with a preset threshold according to predetermined selection criteria; and

selecting one of said first SNR estimate and said second SNR estimate for use as

" said third SNR estimate based on said comparison step.

5. ‘The method of claim 4, further comprising the step of:

25 low pass filtering said first and said second SNR estimates prior to the step of
comparing at least one of said first SNR estimate and said second SNR estimate with a preset
threshold according to predetermined selection criteria.

6. The method of claim 5, further comprising the step of:

reducing the bandwidth of a low pass filter (212) used in said low pass filtering

30 step as additional SNR estimate determinations are made.



conparing at |east one of said first-SNR estimate and sai d second SNR
estimate with a preset threshold according to predeldabscembe 2664 ecti on
criteria. 6. The nmethod of claimb5, further conprising the step of:

reduci ng the bandwi dth of a |low pass filter (212) used in said | ow pass
filtering 30 step as additional SNR egfinate determ nations are made. 24
Decenber 2003 13 7. The nethod of claim1l, further conprising the steps of:
processing said carriers to produce an equalizer out put for each of the
carriers; and processi r out roduce a synbol decision
for each of the 5C]carr I"Eeqméj\ﬁ@ kfzrgieramg‘f"g % 8 mining a first SNR
estimate for sai dpdetssinseiguenics to pmdajcelalreez;ualha @itpdpfooback ubihé aditidrs)g sai d
equal i zer,put put from said synbol decision when a data sequence is
received to produce a first difference value, squaring said first

di fference val ue wPwcespphetiscrulizér quiptt to prodraradiymbel d@hforefot eashiobthe and

nor mgl i zicAgedhe first intermediate SNR estimate 10 by the signal power to
determine the first SNR estimate; and wherein said step of determning a
second SNR est i matereid said step of desrmining a g Enestmpta forad slawalsequencep  of

subt r act iRgdsathe sEefiorashibtabing Qhitl Rilalidef QPR FE6 akia sFhble dediiAl wHeRd dadat @ when a
training se%&gnce IS, received.to @r oduce a second di fference val ue,

squar i ng SERFEe SIRENRGOR S Al Sitlprnerevalug sypasing sad BrstdfieEnge ValtedP redi at e SNR
est i mat e praing arfost irpdringdiatgSNIhestithte, ammmdﬂizﬁgmeMirﬁrﬁemméinm&Ee by the
sig p SNR . estimate. 8. The method of claim
1, ; ere?’ 563% lg?‘ge‘?wf’@%ﬁ%ﬁ%ﬁrﬁl ng ezsiu %tergdtSNR estimate for said data
sequence i ncl udes Wﬁ@ﬂsﬁ@iém@oﬁf detetrhining iarsgednd tS¥RTedimatecfoShRI esiningat es f or
data sequgfiefRs :dcﬂxd&%@&&pﬂgf éaaea%%%-fsmdseabﬂkzalowpa«! e p&a&&gﬁgg gjaﬁéi opo th two

predet ermi ned frequency bands averaging the interne esti mat es
for the @4 ahewyFumRBLayeRCceds FeaeiYelde Pduse aasedd ditimense talueppayarinesaidn aver age

SNR est i Rebsd differedd vaRP@pAddUS of ﬁfon&&ﬁdnﬂ&ﬁdtd’lm egitate, i ddRhfiging &ki 0 ( SNR)

for plural it iers nodul ated Wlt i nf ormation, such

di g|1$ al i*f ec%d H%Wegﬁte%%eﬂﬂ?a%byéhecfﬁ‘ﬂ PRYT R *936?88%0 4 SR SRS equence,

sai d appar at us co®lpri sihagnetidd ofrelains], (v sﬁﬂrstepemabmnmgn§ardt pRiral ity of
carriers ni.ng a first SNR estimate for said
dat a sequetﬁ%%fg;%%rﬁﬁa%geﬁg&m'%‘&?&g&%s gt SNR estimate for said training
sequence, and for etigiating nteuesdiate fiR @nmws fos deitalsehianeds iSMRceed tongvatfe and sai d
second Sk BaklRled Gt AUAS eIl cBGSLgRt e. 10 The apparatus of

claim9, wherein said neans for determ nin I rst
20 averaging the intermediate SNR. estimates for the data sequences in said two

frequency bands to produce an average SNR estimate.

9, An apparatus for estimating signal to noise ratio (SNR) for a plurality of
carriers modulated with digital information, such digital information including a data sequence
and a training sequence, said apparatus comprising;

25 . means (150) for receiving said plurality of carriers; and

means (180) for determining a first SNR estimate for said data sequence, for
determining a second SNR estimate for said training sequence, and for using a combination of
said first SNR estimate and said second SNR estimate to produce a third SNR estimate.

10.  The apparatus of claim 9, wherein said means for determining a first

30 SNR estimate for said data sequence comprises means (204, 206) for estimating the noise

power for said data sequence and for normalizing the data sequence noise power; and



30 SNR estimate for said data sequence conprises neans (204, 206) for
estimating the noise power for said data sequence amiDé@mba@noRl i zing the
dat a sequence noi se power; and 24 Decenber 2003 14 wherein said nmeans for
determning a second SNR estimate for said training sequence conprises
means (208, 210) for estimating the nojge power for said training sequence
and for normalizing the training sequence noi se power. 11. The apparatus of
claim9, further conprising nmeans (182) for using the 5 third SNR estinate
to control a conv nece.  f of 1 n_an.equal i 12. The apparatus of claim
9, wherein the rreg{t\‘g[gl gs?ldt?geig é\sg{b%tdeé%nﬁbnfnﬁa sle‘éor'\légs‘:[m %Sﬁﬁnﬁte ??rrsglﬁ "SliREest i mat e
and sai d §@swsgommResaneapsiZBe2 Opfopestimpling thempise paver foe giid winigf segand dat a
sequence &@F@ﬁéﬁ%&ing%%@ﬁin@@%@éncéﬁﬁse%@@@?‘ri ng at |east one of said first
SNR estimate and said 10 Second SNR estimate with a preset threshold
according to preddter Misappatdis OF elpigy?. fyriheremprisingrraeans @82)fertusivg theg one of

sai d F i r ShirdINR QEhitABleentaEkofkgin® IR R854 Mt e based on said

s of claim12, further conprising: nmeans

conmpari son step. %g T ea%%%?rag ( ! re, Tpr.

(212, 214, 216, 218) fOF *PRESQESA;% PRSI fe &ugprg forjusiag 2 sambinglionpfd SNR 15
est i mat esaigfirso BNR esipateiandjsaiit setohé SNR @5tenadd 0 Satiatkeleirbsdon OB 66hidmize and sai d
second S i e Wth the preset threshold according to predeterm ned
sel ecti o#g%lr%l%%g%g&&m. The apparatus of claim 13, further conprising:
means for reduci ngeatid29itwonipdringfat tease omeahsiid fust $IRVepame: dndlshidr i ng as
addifg onakcomiNbNIE sdilnd® Wath 9 LSt HIRdd %?%%@é%ﬂ@gt@migeg.séléﬁoﬁr ngenipﬁa.r atus of

claim9, further conprising:; nmeans “or processing sal rriers to
produce J°F Slefngione et g Fist SHB restimatnandofids ygeond SHNR estimate dased o anid f or
processi rgmpaissh seplual i zer output to produce a synbol decision for each of
the carriers; 25 erei,n said ngc?ns %g determining a first SNR estimte
for said data sequ&nce "°PRERIHEE AtrdUrhSTERMPBEE for subtracting said

equal i zer out put fream(2ldi 2l4s ¢hhol8)daciosipas filkha sail et Ad SEGLEBER | S
recqisved Lo, fd i ffer |ue, fo uar | said first
di fférence va glg&t% %"%P%%{}ce%tghef?f?@?ﬁﬁgﬁsf%ﬁwné Ptﬁf"édrsé‘ﬁlg?"@gcl%‘?sé‘fmﬁnd for
nor mal i zi¥i§ thetpeesst thrashold jepardipgriogiedttern@Riksabstiomsitesaby t he si gnal power to

determine the firsd Sigeapabls HUDR 15 HdnBBbRprsip? and wherein said means
for determ ning a second §NR estimaie for sard e ai ni ng sequence includes

means, (208, 210) ™F8F forfsevcing: the fandgidih of thel measp ferulopupass filierinprasdet er mi ned

additional SNR estimate determinations are made.

20 15.  The apparatus of claim 9, further comprising:
means (176) or processing said carriers to produce an equalizer ontput for each
of the carriers; and
means for processing said equalizer output to produce a symbol decision for
each of the carriers;

25 wherein said means for determining a first SNR estimate for said data sequence
includes means (204, 206) for subtracting said equalizer output from said symbol decision
when a data sequence is received to produce a first difference value, for squaring said first
difference value to produce a first intermediate SNR estimate, and for normalizing the first
intermediate SNR estimate by the signal power to determine the first signal to noise estimate:

30 and

wherein said means for determining a second SNR estimate for said training

sequence includes means, (208, 210) for subtracting said equalizer output from predetermined



15 24 Decenber 2003 training data when a training sequence is received to
produce a second difference value, for squaring said second difference

val ue to produce a second internmediate SNR estimate, and for nornmali zi ng
the second internediate SNR estimate4By the signal power t?iﬂ&%ﬁBﬂ%ﬁ t he
second si gnal to noi se estimate. 16. The apparatus of claim?9, sai erein
t he neans %@ ternlnln a first S estimate for.said % uence

i ncl udEdmn aé%‘g I OFPILLES FECPRY QR et e SRR “f‘%Fa'%lat a
sequeneasdidiffesake edletio ppiiase Diecsal idtefhddiand SR/ eﬂfma(baﬁzﬁd for Borh]yillz‘i@ ht kdrohdvo

predet.er m #1§ c 2 nds, and for ave |nter di ate SNR
Dot it PGt IS Py iR o et e el S BAREAT S B s oduce an
aver age SNR estismat eTheJaiuparAns ap@amag, uaidfvateredrs the medahanfpr sletgimdhing a-flal PR
rationéqmﬁ ﬁrsm ﬁmgm95%1 tYLQf f carriers nodulated with digital
i nf or TRt AR O &3g greaf "THfSr mati on i ncl udi ng data baud and trai ning
baud, said appanahsjezzepfmpestman@ aramtetmcmxa‘te BNR cktanad for ldga Sa]uehcpd inraalect’ecj/ of
carriers essor for determnin (& aud
ond 1 oresiaf B R S SR8 R PR Pk Bediibng Wands, g B Rt P o
corrparihuagnaaiatd YR testomeesdbr SaiddiafsequebceSMRsah tvosidqlersg bamtd toSNFROdu@ an average
predetﬁq ned selectlon criteria, and for selecting one of said first SNR
and sai d SeCBRd SNR based on said conpari sion. 18. The apparatus of claim
17, wherein sai di7SNR /—'p’f e;me&emforestimafmge'gnﬂ@b-aesqaeﬂe(Sdemr agrurdlitgl af earthasid,
nornallz t.he dat 0|se p est I mat wer . f.or a%ﬁ .
traini ng Eted dmth 3 digl c]a] mq'orma éuch qﬁ%ta{ irng‘(?rrrr]]atlon i Sﬂddn%%a?asléﬁg S\r}é 'f,ralmfg%a aaid
appar appsatof copipmising:17, further conprising an equalizer using a convergence
factor responS|v%I£% (pe gg%eg;g %mglgctgagd first SNR and said second
SNR 20. The appRrdbr Sreings iy Ry ¥ eMEF conmpri sing a conbi ner for
produci ng a comndni S8R p:(onessr.fr fs:aiedmﬁmngta {SNRS NI €br s@d dats daain endShRdd¢termirong # 0l a
conver actor, in.s equalizer. 21. The apparatus of claim 17,
wherelsg £§§§k ISMd"Tmng%%ﬂbares said first SNRto a preselected threshold
level . 22. The appammtas fof co:hlaanrmg ZbV,leaf;tuairtehﬁTsaﬂ:lOﬁfpﬂ’ SNijyd sald ecnd| $Tstlértof or
pr Ocesseltd?:%m%%e«g segfec{ugr{ S'Et&SBTIZ’.lt gndo For séiec%]narc]mee gfu sald Irst Sl\ﬂy dsald sec n% gi‘&h gas {1
carriers on ‘processor proce55|ng ¥ equa IZer pu to
pr oduceidaosparizain. deci si on for each of the carriers; mhereln Sald SNR
processor subtragts id eqguali §ﬁ#d si.on__when a
data baud is recel veil‘la}}e apBa at(liuce a Hf’s"‘flf]‘o‘rcflnf ?aergr encé’mcz U esm%’atﬁsalrmse A
first fdr M(bd@mlmldymirmehzteothepiatachamenoasef pavet, esiimses rmlpmbxef,or sedd traihing dsud, he
first n ige estinate.b t he .signal power to determine a first
and ndrmalizes the training baud rioise power.
19. The apparatus of ¢laim 17, further comprising an equalizer using a convergence
factor responsive to the selected one of said first SNR and said second SNR.
20. The apparatus of claim 19, further comprising a combiner for producing a
combination of said first SNR and said second SNR to control a convergence factor in said equalizer.
21. The apparatus of claim 17, wherein said comparator compares said first SNR to a
preselected threshold level.
22. The apparatus of claim 17, further comprising:
an equalizer for processing said carriers to produce an equalizer output for each of the
carriers; and
a decision processor for processing said equalizer output to produce a symbol decision
for each of the carriers;
wherein said SNR processor subtracts said equalizer output from said symbol decision
when a data baud is received to produce a first difference value, squares said first difference value to

produce a first noise estimate, normalizes the first noise estimate by the signal power to determine a first



16 24 Decenber 2003 signal to noise estimte, subtracts said equalizer
output from predeterm ned training data when a training baud is received
to produce a second difference value, squares said second difference val ue
to produce a second noise estimate, ggd normalizes the secong.pbL&003
estimate by the signal power to det erm ne a second signal to noise
estlmate 23..Th 0 alm furth r|S|n filter. for
ow paddikPipir PR RELRITHY wff safl sy retve Bl heinatg i i  Bpe one
of  sabadd fsirr@iveSNRpratde a aednd difforedceShRef Quprecdel eedmdriiftrart edbd wpratucd 2ri a.
24. The appat gteusag chai maJﬁ7 ) ere|($ saldt SN IE) ﬁ)cess r esti tees SNR for
data DU ToR° SaFRtle ¢ JRawlsrs WeSEOpf OPST FYYaieary e rERE ARG i ‘r‘% Wy 2

pr edet secand Rigdal frs mejseesiyatbands, averages the SNRs for the data baud in said
two frequency bapds t prod e SNR, . and uses said average SNR
in said conpar ata:%’r foﬁlecg%é{u r{ap Yfga'g'l FEHESPEsai d first SNR and said
second SNR to pr Bltetfariowmped f“SEh@:ﬂand)ﬁrst:mdtsewmaSNRB prﬂm:r@prpmgraﬂaast ank ofl ai m
24, Wh%rd%rg{ é:rlldf r: l?l:%n ]Egndrsde remg gerl]ec?(t))noct rilo KHz wide. 26. The

appar atlis fﬁ@# r%a FUTt NETPEGTHETIET 1 48 ¥t or for detecting first
adj acent si gnal 231ner gl;/heappefrateqon‘emmme@ pbeelhlsmdmmlbm@dmubstm@teklsmﬁfoodata
cent er, chann The a arat erein said S R
o 0 ec Mhgtesy oA SN il SR PRPRESHA By orafisitniiad et Bl 3ibres®

wi t hi rthaiSbltEB f&r ithiatfarhami in eadtver fremam}elbanﬂg eqpedey . anzﬁeragdquEpmair ks Saidf
claim Al R processor esti mat da a.,baud

carri €r's %om{(l%ﬁ%’d Comparyrlilr:c)’sfm?pa"" (Eaﬂnrzéast af gs?ﬁc;%ﬂa RV iaédf( "C* gﬁ%ﬁ%ut

- 5 kHzprédemmmned sidcton crisdrannel frequency, and on carriers p05| tioned in a
second frequency band.from Kk

channel frequency: dToPea\'?Barr%SSegftct]%mz S msa’?ﬁ q"ﬁa‘fysb gﬁa r(f g‘%“??@%‘?‘zun
said Wwidest and second frequency bands.

26. The apparatus of claim 17, further comprising:

a detector for detecting first adjacent signal energy at frequencies positioned at about £10
kHz from a center channel frequency.

27. The apparatus of claim 17, wherein said SNR processor averages said first SNR
for data baud on carriers positioned within about +5 kHz from a center channel frequency.

28. The apparatus of claim 17, wherein said SNR processor estimates SNR for data
baud on carriers positioned in a first frequency band from about —15 kHz to about —5 kHz from a center
channel frequency, and on carriers positioned in a second frequency band from about +5 kHz to about
+15 kHz from a center channel frequency, and averages the SNRs for the data baud on carriers in said

first and second frequency bands.





