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Abstract: A nethod is provided for transmtting control information in a
digital audio broadcasting system The method com prises the steps of
transmtting a plurality of control bits in each of a plurality of control
frames, wherein a first sequence of the -
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METHOD AND APPARATUS FOR DETERMINING TRANSMISSION MODE AND
SYNCHRONIZATION FOR A DIGITAL AUDIO BROADCASTING SIGNAL

BACKGROUND OF THE INVENTION °
This invention relates to radio frequency signal transmission and reception
and, more particularly, to. methods of and apparatus for transmitting and receiving control
information in a digital audio broadcasting signal.
There has been increasing interest in the possibility of broadcasting digitally
encoded audio signals to provide improved audio fidelity. Several approaches have been
suggested. One such apﬁroach, set forth in United States Patent No. 5,588,022 teaches a
method for simultaneously broadcasting analog and digita]' signals in a standard AM
broadcasting channel. An amplitude modulated radio frequency signal having a ﬁrs-t 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 broadcast within a bandwidth that encompasses the first frequency spectrum.
Each of the digitally ﬁodu]ated carrier signals is modulated by a portion of a digital program
signal. A first group of the digitally modulated carrier signals lies within the first ffequency
_spectrum and is modulated in quadrature to 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 to the first carrier signal. -

The waveform in the AM compatible digital audio broadcasting system described
in United States Patent No. 5,588,022, was 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 orthog(l)nal frequency division multiplexi.ng (OFDM) to bear the
communicated informatioﬁ. ) ‘

In an AM compatible digital audio broadeasting system digitally encoded
audio information is transmitted simultaneously with the existing analog AM signal. The

digital information 1s encoded and transmitted using OFDM modulation.



(V control bits represents a transm ssion node, and a second sequence of
the control bits a control data synchronization wordigDweembdr pbog al ity of
control bits can further include a third sequence of bits representative of
an interl eaver synchronizaton word. A nethod t" perforned in a radio
receiver for determining transm ssion node and synchroni zation for a
digital audio broadcasting signal is @also provided. The nethod conpri ses
the steps of receiving a plurality interleaver franes containing digital
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carrier c&it@naits representing a transmission mode, a second sequence of the control bits

representing a control data synchronization word, and a third sequence of the control bits
representing an interleaver synchronization word, the complementary pair of the subcarriers
including first and second ones of the subcarriers being positioned adjacent to the analog
modulated carrier, and the first and second ones of the subcarriers having a greater amplitude
than other ones of the subcarriers, and transmitting the analog modulated carrier and the

plurality of digitally modulated OFDM subcarriers.



The waveformin the AM conpati bl e digital audio broadcasting system
described in United States Patent No. 5,588, 022, was$gbersbatmdat o provide
sufficient data throughput for the digital signal while avoiding crosstalk
into the anal og AM channel. Multiple carriers are enployed by nmeans of

ort hogonal frequency division multiplexing (OFDM to bear the comrunicated
I nformation. In an AM conpati bl e di gidaal audi o broadcasti ng system
digitally encoded audio information is transmtted sinultaneously with the
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the contr
digital audio broadcasting signal including an analog amplitude modulated carrier, a plurality

of digitally modulated orthogonal frequency division multiplexed OFDM subcarriers in the
 same channel as the analog modulated carrier, and a complementary pair of the digitally
modulated OFDM subcarriers with a single control bit in each of a plirality of OFDM symbol
frames wherein successive ones of said control bits in successive ones of said OFDM symbol
frames form a control frame, said control frame including a first sequence of said control bits
representing a transmission mode, a second sequence of said control bits representing a control
data synchronization word, and a third sequence of said control bits representing an interleaver
synchronization word, said complementary pair of said subcarriers including first and second
ones of said subcarriers being positioned adjacent to said analog modulated catrier, and said
first and second ones of said subcarriers having a greater amplitude than other ones of said
subcarriers; processing said control frame to identify said control bits representing said control
data synchronization word; and producing an output in response to the digital audio

broadcasting signal.



representing a control data synchroni zation word, and a third sequence of
the control bits representing an interleaver synchrepipegtmper 2sprd, the
conpl ementary pair of the subcarriers including first and second ones of

t he subcarriers being positioned adjacent to the analog nodul ated carrier,
and the first and second ones of the subcarriers having a greater anplitude
than other ones of the subcarriers, apd transmtting the anal og nodul at ed
carrier and the plurality of digitally nodul ated OFDM subcarriers. 16
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data synchroni zation word, and a third sequence of said control. bits
representing an interleaver synchronization word, sagtheeampeergtary pair
of said subcarriers including first and second ones of said subcarriers
bei ng positioned adjacent to said anal og nodul ated carrier, and said first
and second ones of said subcarriers having a greater anplitude than other
ones of said subcarTiers; processing said control frame to identify said
control bits representing said control™ data synchroni zation word-, and
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moduiated (OFDM) carriers, some of which are modulated in-quadrature with the

Gt

analog AM signal and are positioned within the spectra} region where the standard
20_. AM broadcasting signal has significant energy. The remaining digital carriers are
modulated both in-phase and in-quadrature with th;e analog AM signal and are
positioned in the same channel as the analog AM signal, but in spectral regions where
the analog AM signal does not have significant energy. In the United States, the
emissions of AM broadcasting stations are restricted in accordance with Federal
25 Communications Commission (FCC) regulations to lie- within a signal level mask
defined such that: emissions 10.2 kHz to 20 kHz removed from the analog carrier
must be attenuated at least 25 dB below the unmodulated analég carrier level,
emissions 20 kHz to 30 kHz removed from the analog carrier must be attenuated at
least 35 dB below the unmodulated analog carrier level, and emissions 30 kHz to 60
30 kHz removed from the analog carrier must be attenuated at least [35 dB + 1 dB/kHz]

below the unmodulated analog carrier level.



anal og AM and digital broadcasting signal which can be utilized when
perform ng the nethod of the present invention; Fi g &egembera2doBock
diagram of a transmtter that can performthe signal 5 processing nethod
of this invention; Figure 3 is a block diagramof a receiver that can
performthe signal processing nethod of this invention; Figure 4 is a nore
detail ed bl ock diagram of a portion of the receiver of Figure 3; and 10
Figure 5 is a schematic representatign of a control frame of data that can
be processed in accordance with this invention. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS Thi s invention provides a nmethod for determ ning
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These carriers are set at a level of -28 dBc. All other carriers in this first group have a level

of -39.4 dBc and are modulated using complementary 32 QAM for the 48 and 32 kbps

encoding rates. Complementary 8 PSK modulation is used on carriers ranging from (fo - 11

| f1) to (fo - 2 £;) and from (fy + 2f;) to (fy + 11 f;) for the 16 kbps encoding rate. For all three

' encoding rates, the carriers at (fg - 12 f1) and (fg + 12 ;) carry supplementary data and may be
modulated using complementary 32 QAM.

Additional groups of digital carriers 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. The carriers in a second and a third group,
encompassed by envelopes 16 and 18 respectively, may be modulated using, for example, 32
QAM for the 48 and 32 kbps rates, and 8 PSK for the 16 kbps rate. Tﬁe carriers are set at
levels of -30 dBc for all encoding rates. |

Figuré 2 1s a block diagram of a transmitter constructed in accordance with
this invention. An analog program signal (which in this example includes right and left

stereo portions) that is to be transmitted is impressed onto input terminals 28



Figure | shows the spectrumof an AMdigital audio broadcasting signal of a
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accordance W th a%h@f%?\%é’ﬁﬂl%%tg%gé’ﬁg}feo%ggai8{§P§m%f‘ﬁ’ﬁ PR in this

exanpl e i EFligsdaty geircaAd is also previdadefor plavst iinmmbest Mawhich e dipgalt r ansmi t t ed
i

is inpressgei i ] . enmber 2003 -5 and 28 . The |eft
and | ght s‘%h%éﬁ%ﬂslé % gc%rsngl negél h%gﬁn]d?%{gf%ﬁn 8?9?&%@ fretq be

supplemented by including additional data. A portion of the ancillary data can be

input to the digital source encoder 34. The source encoder may reserve a portion of
its output bits for the transfer of ancillary data. Also, if the aucﬁo source does not B
require the full encoding rate of the source encoder, for instance during non-complex
musical passages, the encoder can, on an as available basis, transmit ancillary data.

25 When the source encoder does not require the fall encoding rate and can transmit
ancillary information in addition to the reserved ancillary data, the source encoder
could indicate this condition to the ancillary data source by sending a signal to the
ancillary data source, where the signal indicates the amount of additional data that can
be transmitted. Ancillary data conld be used to transmit signals such as emergency

30 information, stock market quotes, weather forecasts, or information related to the
audio program material such as the title of a song.



fed through an anal og audi o processor 30 to increase the average anal og AM
nmodul ati on, which extends the coverage regi on consi deg @lebymb&URID3pr ocessors
are comonpl ace at anal og AMradi o stations throughout the world. That
signal is 5 passed through a | ow pass filter 31 having a sharp cutoff
characteristic, to produce a filtered nonaural anal og program signal on
line 32. Filter 31 may, for exanple, have a cutoff frequency of 5 kHz and
40 dB attenuation beyond 5.5 kHz. Optionally, the effect of filter 31 may

be achi eved by audi Dapprmesesdé ngeives terdigelde AMPBIREOS Simit [ffo 10 For
those appl @H&p nés'l vvgi cr11 t he a(ga?]%gﬁ and-digital portions: of The
transmtted signal W By > BRPIsTensn; (A8 ysqd R cariggs Efp od? &endfferrial , a -
di gi tal soli fikis iepsaddine 32, Thaisighaliey phitPbLRRR 43 tiEy |RCLH Pﬁsc@lcﬁori thm
converts t ssth{ltghct m@{g cI gtft. a&al 3%&;0% am Si g%nal s to a digrtal signal on
line 36. APSIUREGTRIF sotligients tat W ppRlied 'e 20 dpvesser East tFog@eri npr oves *
dat a Pnt egFratsforow @FFT)agunigns i Block! 5O, 00hivh bhekABULS bYRpla iﬂﬁzihﬁsee gnd :

[ nterferenaglg, ugc{%gluc' ncg1 a ding‘si‘:)tfaﬂ}1 %Ltq%fnal on line 40. For tHose’i’nstances
where the ‘Grgitar st ghal HPB Rttt grabenlinen o and 3 xgbpegtivaler &i on of t he
anal og pr qgesibandiigapylied 20 d@tcAHRObE the BT SHoyPsaMk R b3t OWhes lovaprhe di gital
si gnal . AO%WIcgrrlmsqt af¥ 8and 1ancil y data source 44 Is also provided for
those i nstRHCaSOTHAT LHF SamPIGT RS ¢ opEALe the guard daad gpesistpb§r am si gnal |
or a digi tsampks.giiht gendind dclaiplieddy perfblicailP ektondi #O ISHPPLEHEDS ngd by
i ncl g@il ng qﬁleqk‘golrgsnaké. dat a. Q‘%Qrtgé?n ‘gf .he ancillary data”can be input to
the digital Source 188 Smples3 thropgh, 7 apd, pep caling desar asmairles d @9 thaoughpor t i on of

i ts out putl35i tespebtively. hBollondpsthe guel bamsial windd dkidlicf SR dafa, 1RE audi 0
source dogging&t,_redr ec Wi the full gnc di,gcg rate of the source encoder, for
i nstance durtng RoR-cONPrexce fheser Ia“gé@ gdiacent patignschydeeducingi theon an as
avai | abl e sidedibss intthewrsnittedspetddonr y data. 25 When the source encoder does

not require the ful l,eereaco in“g r$tf and,can transmt ancillary information
in addition to the rosefddy BIaT P SFymips sncofl rregrandataaraaeiiarycoul d
i ndi 2t e tdatasa aindligtsequandepalicemaisiy kidkd 4l iROHHSRIDYLREAILRG2 Signal to
the. anci Ida%r dahaﬁgl{'ce, wher e %ﬁ]e Si %nal i ndi cates the anount of

A - r%mmgeserl; !

addi ti onal T That "¢ YRS A AYSRTOCEAsRIs 1) theyreepives seehuksithise used t o

transmt sqgaRbs ts uarhuises temaicgsineapidly) dodl esirmt irg-gidlysg%@ tiSheduot es,
weat her f%gé;lagtss, or, nformation related to the audio program materi al
PP BF ‘Y IUPee Pt Beiared B gsnerated by, device 55 and

such as the
periodically selected as the transmitted waveform, for example, every tenth frame.

20“ Alternatively, information for the training sequence could be stored in the frequency
domain and applied to the input of the IFFT. However, storing the information in the
time domain reduces the required number of IFFT operations. Although known data
is sent every tenth frame, the carriers devoted to the transmission of supplementary
data. (fo - 12 §}) and (f, + 12 f}), may not transmit known data every tenth frame. In

25 this case, the supplementary data to be sent every tenth frame is input to the trainiﬁg
sequence waveform generator and the contribution of the carriers devoted to
supplementary data is added to the known data. The difference between the
supplementary data and ancillary-data is that the supplementary data processing is
completely independent of the source encoding, FEC, and interleaving operations that

30 are used to process the digitally encoded program information.



Dat a parser 46 receives the digital data and produces a plurality of
outputs on lines 48. Supplenentary data that is usedi6Degcambecz®3(fD - 12
f,) and (fo + 12 f1) is input on line 43. The signals on pairs of lines 48
fromthe data parser 46 constitute conplex coefficients that are in turn
applied to an Inverse Fast Fourier 5 Transform (I FFT) algorithmin bl ock
50, which generates the baseband in-phase, |, and quadrature, Q conponents
of the data signal, on lines 52 and 54 respectively. A guard band is

applied to the out f the.lFFT b rogcessor . 53. Wen the | FFT out put
consists of 128 sa%é’socﬁ'és?&lbﬁf%rgp%\ﬂ& i‘%ﬁ,“%&‘bﬁ%ﬁ”ﬂ"%ﬁdﬂ digifali sts of 7
sanpl es. Figeal gyandloprdigita cappiitred dng idaliyed by aklay devéesdi Dlaf b | FFT
out put, oy, e ds. .taking, sanplgs 1 through 7 and replicating
t hem as sghﬁp 3%81‘;%%{%rt%étj{éﬁ'smf%é}mrvgifﬁg&ei‘g‘éel"i}t.y W?Wﬁ@mﬂ%a‘yﬁard band, a
wi ndow i s diggpll siguklst in thhehahatla. Tivediversind teads fe theCapoitiif fop e to second
and tfird hs | ons b ducing the  sidelobes in the transmtted
spectd:um b%gérh?%z’lgévgﬁlﬁ ;ﬁé ?%az?geél&{ gfgﬂfﬂr 532‘% “t tﬁl}?géj%yegc?é‘ak’ﬁr%ﬁahl‘ﬁ data or
anci | | ary cominetawith the it-plasapajorsefjbedigal DA wa0aoH i ArkavR past Pi |l ot
or ocessor S21% FRGECE & SottBRHY sigh]' uinered Bl pmaione Slgmalcthuimes o si gnal
rapi dly amehvendd to;/anraaplb_gi bignalh&rt@g’imgtoféiﬁmgebnveﬁ@ﬂ%,tﬂg%f@.b To® F;ag)@id_ni nlgI
sequence e in, .or,generated hy. device and periodically
sel ect ed g@a‘t%éar}%rp%g\%?n“ﬁ'38‘%%1@5’?3? s ’fﬂﬁﬁ'ﬁé?fg%]l’éfadé‘?/@?%c{‘@rﬁﬂ?a\‘ rame. 20
Al t elhat i pekycedianf lorenit byoa l6@t otdiiiatdrr i NTHgqEAREE GRNEOM fnds7${ Ored in the
the nf or SRR 8 AR Biend by faldl o ab e i, BB of | FET
oper at i ongass AlltehBirphpredioen fileral sigml viich iemaltiplit® i B sédoadixd-ke, carriers
1Pty b AR e S AR T2 e 5 shisRpina SpH st 1 e
suppl enenBétoprodicathesignal andine 82y Fhyotitpng bf thixarver0izad 80 e detiGerbdieh t r @i ni ng
sequgnce e . an contribution of the carriers devoted to
suppﬂmn!@%&ft‘)gg{gg?} %@%&o@gg{x{]@e@% S OPOHE WY R ITRY i Het ween t he
suppl enenifh¢ spudauscmizing peotincts lazeryatethbypbindpdsh filtert 93¢ a5 MAB kR OMWAE AR dat a
processi ng_L.g: Ly J. endent of.th our ce encodi ng, FEC, and
i nterl eaV|gi ga()i (’:)spsgfr}%&ilmg#\lg %ﬁ%@e o et ﬁfg%lﬂllef §6 3?@6@%%? frAtsgiting | y encoded
program i attenm@@8i on. 16 Decenber 2003 7

The system control information is transmitted on the pair of OFDM

20 cariers that are closest in frequency to the AM carrier. These carriers, one located

below the AM carrier frequency and one located the same amount in frequency higher
than the AM carrier, are modulated using BPSK modulation. The Bi’SK carriers form
a complementary pair, meaning that when the BPSK carriers are summed the resultant
is in quadrature to the AM carrier. The BPSK carriers are made complcmcn‘tary by
25 choosing the modulation on one carrier to be the negative conjugate of the modulation
on the other carrier. This means that although there are two BPSK carriers, the
information on the carriers is not independent and the carriers transmit a total of only
1 bit of control information per OFDM frame. The symbol rate for a preferred
embodiment of the AM compatible digital audio broadcasting system is
30 approximately 430.66 bps, meéning that 430.66 bits of system contro! information are

transmitted per second. The camiers closest to the AM carrer frequency are



The processed baseband anal og AM signal is converted to a digital signal
by anal og-to-digital converter 60 and is del ayed by deDayeipsi Z09361.

Del ay-of the analog signal at the transnitter provides tinme diversity
between the anal og and digital signals in the channel. Tine diversity

| eads to the opportunity for. robust 5 blending between the anal og and
digital signals. The delayed analog signal is conbined with the in-phase
portion of the dlgltal DAB wavef orm at-Sunmmation point 62 to produce a
conposite s |.ine 64. The conposite signal on line 64 is converted

to an anal “31 ggqaﬁ‘ﬁ 212 highep pejerahanithe ethen QFDMoaurs efing@bheyfard $l6gepdo by | OW pass

filter 68 thapehtgpasske ck@nd, HeX@al edwth a radio
frequency s 8% " g“pr?oduced e)(;ﬁ] ??zggmﬁ{eefekév%rg](%gro 5%’5} :lels%nf‘ﬁr 8 The

quadr at ur &2 CRTiRRS fapther §f°mcth?19@ﬁftreﬂ theochameh bedang: t8é gfa@bnchy

or oduge. ;%??ﬁ?ggjgﬁfgﬁgﬁmﬁ.‘?ﬁ?ﬁ“%%'*@ P o e BRRR shamiBbago w1 o

si gna U5 Rasndy igji3hsigenh i nommalized by t}mmwwmo%edmsxapml:ust rated in

bl ock 84 cnmemqmjuwlamﬁnédﬁ@@bsﬁrbam puts.of .mxers 70 and 80
are delivered Eﬁn 15, i nes,.86 and 8 ePsear§€o n%glﬁmggy tﬁ?"ﬁt‘s BUNEEEHr oduce a

conposi t e WAFRHEIHPISHTHP that gesults hﬁ??ﬁsgphﬁ ﬁmgs memon@mad adihetrscefee mut ed by

bandpass fFiuhh@ho%the%Meishﬁat&x%%!ﬂ Edt BOHP Aol Sy SU uently anplified
by a power lifier 96 for delivery to'e%t?rr%g%rﬁh?’?% ¢h3 g%’ﬁﬁ'&'e% The

syst em cof? PR i e bo oiming, ar bavd e vesd cirpuitsh e pad i’actﬁf-s dokBie 130, carriers

that 1&r e eiais eicontfol THGGHAEDE Yerl Qotlulye AM carrier. These carriers, one
| ocat ed bel ow t he Aﬁfg&?arrl er frequency and one | oCated the same anount in
frequency higher t ©% ReacsRadangeryigy theaipventionl dsashetn us iFgrBBSthe MOdul at i on.

The BPSK eautrdl cits dral ghherdtel OB I atr¥1 B loata BAMLAGLAA! ghen, the BPSK

carriers areea ng(;}chrﬁhh resultant 1s in qua
BPSK carrlgg}§ % BiSc BRSTATEREY Cconsis) OZSamWIdgvrbmmmdhﬁsambon on one

carrier .t eegnenceheh ¢ bih ¥Be TON
carrjger Thc?l means g?ﬁ t althofﬁﬁ%%ﬁ%aﬁgﬁtﬁ\%%}%géﬁ Sé?fr‘%iél’ﬁe tf'he

i nf ormat i SHC “‘czﬁé THPHG gqndrof an é%taﬁmé{vewamnseamcemmmeemftransmt a

total of dathfomlth®irterRhver.OMThs GibitiRbQEO B Q&W g synbol rate
for a preferred enbodiment of ht he AM corrg%t Pﬁsa ‘f“af“ng%t%t Br oadcast i ng

systemi s T8ge SBPYSxiatatt f%’@%ﬂ@weqmmgugmmato d@vep@hdiatdioof system
control i aficodingirite thatk Gurrdntigbemik Li@d TREm o%lggt%{hq)l and s RabtrSiSarion 05 €St 1O

the AM Carerqlugnrcefxsr Er lﬁ& Ct¥) tﬁé ?FF]'i‘GonDl?tEeelrI)%e r'I'he> IFFT

uses the data on line 106 as
20 the input for the digital camrers that convey- the mode control and data
synchronization sequence. In one preferred embodiment, the FEC and interleaver
processor con51sts of an outer FEC code, followed by 2an outer interleaver, followed
by an inner FEC code, followed by an inner interleaver. The length of the mode
control and data synchronization sequence can be set such that the sequence provides
?5 data for a number of baud that equals the number of baud that can be transmitted
using the data in the inner interleaver. At the receiver, this allows the boundaries of
the inner interleaver to be determined by appropriate processing of the mode control

and data synchronization sequence:
In one preferred embodiment, there are 400 OFDM frames transmitted
30 per inner interleaver frame, where an inner interleaver frame refers to the data needed

to fill the inner interleaver. Since one bit of control information is transmitted per



-8 transmtted at a higher power than the other OFDM carriers. -Since they
are closest to the center of the channel, the equal 1gBecémbérdB@oBecei ver
has to adapt |ess for these carriers than for carriers farther fromthe
center of the channel because the reference phase for the digital signal
I's normalized to the phase at the center of the channel and 5 the nagnitude
for the digital signal is nornalized by the received power of the BPSK
carriers. In addition since t he BPSK arriers are conpl enentary, there is

an |ncreaseieﬂ| n séag’g n&éff (rﬁtlo results because the carriers are

conbi ned ATt RECTIERA, \%Fe are {90} bifs %E‘aﬂ%!‘r‘irﬂ”é‘iﬂéﬁe@ RER intgrleavet osest to

the cent effranfe. Theretdraifiak nﬁﬂecdrﬁaﬁdnd?d@ﬁ%yﬁdhﬁﬂxzaﬁ&l @&&eﬂ{:éhds@]&{g%synﬁol .
make t he

timng, or gm gcover f brcwts These. f act ors conbi ne
control i8f éer%‘ (ERCAt S¥ErY ITEF ntetleayes Gamagn Loesad@thbitstiee i nvent i on,
2 shown idivifddgntoet 0Zegihrbres omrﬁméahhebé éa5h SdptheBrADMIB s e PEGEPNE r Ol and
dat a synchy roni é“a’ P|¢]on Seigﬁlaj @Qq enerator 100, Thi s _generator may consist of
a mendry devicee 't FATRYdE ‘ﬁé‘f E‘é%?ﬂér@é‘mi/ﬁaﬂeg‘ﬁéﬁsmwmmgmé fromthe
FEC and interl eaverpmcae&smmoaesdiagmﬂ;s@ﬂda FeReikd &Mﬂﬁi&fea%%é‘ce}\?%g“de control
and data s%{nchronch tl a g]guence tq the retrieval of data ‘fromthe

S e

i nt er | eav&PMPIHE B SEEnals o Jagure dn g dngantenga 41 0 grediveagha 04 to t he

node cont compasite mefanﬁymhﬁmgtm@ﬁg@mna%ﬁmsgﬁmm@aﬁ 84s84 tht SighARy ey’ the
audi o encodi ng%ﬁafte t hat ently used ‘F he node control and

P
data syncRPO! giput §%ﬁéi%' which may e 8 at‘"éd‘f’ HEeawenEsT Pesseledterean 06,  The-

| FFT1QIses atplfielataamirer | dnfiea 16tA1 @scilldor. t PG {nfbdibee" frdgi€ncy 'é-‘i%ﬁa?',s Calf riers
ence n one

t hat conve de.control .and dat ynchroni zation Se

preferredP é%%%e%%e ‘"PHtesﬁ&"&nIH’e }aw]t‘*er Fé‘é\)%tf"m F’(%@'%%F@b?}ﬁ%ﬁ‘s#s of an

out er FECpessekbthréuzhl apviebriyic @in@ohtes] cirblie ] iéﬁ%V&rUCF)]Ei@Hl \éﬁéiiatmb)’wa” i nner FEC
nner terl eave The | engt e node control and

code, foI R.%
dat a synchr\(l)\ﬁ 5%?%@35%5%!3{? “‘E?ﬁr"i‘“ﬂ’épé‘aéf’ S%QII”P"t]Fﬂi’tuloh@ds"eﬁfﬁéme provi des 25
data for signainindineof22bate ir-flake el SutpieonENR iHfphas dn biade-paN be

tran tt psin dat he i,nner interleaver, At the recelver this
al | 03\/55‘n t hgd% unga eégﬁ%)f gmﬁ’?’ély i th%‘é‘f"‘dfaﬁi”é?l?a@’é%QPtP’t"cPrﬁg‘edgg &irpide by
appr opr i ahaotbercmebgumg:guﬁl doneertep dR5. C Beddbark sighald Cﬂaglgs %szsfm][ £ Zation

4 DM f r anes

LN b GRS SRR 6 T R | aver
frame ref dﬂh&nhbgtma stimblaviieieid @eardied dut hd nllhilﬁtddfb?%lock 4G bhEFMé&d to Sl NCe one
bi't of co n% rm?tlpuf srt]a]:g%rlqg andst blsesqugnrtl?/rtlg :Eln sge%l?e(lj' IE4 or other output device.
20. An optional highpass filter 146 may be used to filter the in-phase
componenis on line 128 to eliminate the energy ot: the analog AM signal and to
provide a filtered signal on line 148, If the highpass filter is not ﬁsed, the signal on
line 148 js the same as that on line 128, A demodulator 150 receives the digital
signals on lines 148 and 130, and produces output signals on lines 154. These output
25 signals are passed to an equalizer 156, and the equalizer output is passed to a switch
158. The output of the switch is sent to a deinterleaving circuit and forward error
correction decoder 164 in order to improve data integrity. The output of the
deinterleaver/forward error correcting circuit is passed to a source decoder 166. The
output of the source decoder is delayed by circuit 168 to compensate for the delay of
30 the analog signal at the transmitter and to time align analog and digital signals at the

receiver. The output of delay circuit 168 is converted to an analog signal by a digital-



16 Decenber 2003 -9 interleaver frane, there are 400 bits of control
information transmtted per interleaver franme. Ther ¢6®eeembér 2008 node
control and data synchroni zati on sequence has a length of 400 bits, the
sequence wi Il repeat every inner interleaver frame. These 400 bits are
divided into 10 segnents of 40 bits, where each segnent of 40 bits is
called a control 5 frane. The format of the 40 bits conprising a control
frame 184 is shown in Figure 5 Figurel!® is a block diagramof a receiver
constructed to receive the conposite digital and analog signals of Figure
1. An ant R/f3198 sonvepes \ﬁ@éotpﬁ@“"‘t%)ﬁ@glQ%I%Wbtbgmsaomhaaompmg;taglae di gi t al
and anal ogi42i gnal s and passes the signal to conventional input stages 112,
whi ch may include a_radi o frequency gﬂesel ector, an 10 anplifier, a m xer
and a |ocal oscil | af8re Ads janmerenglizi efuﬂﬂemalehbyk sliagread thas ﬁmn@duced by
the input HLaGRS Y bpkialiés dritk inVddtisn.! BLR A% c a{j passed
through an auto t|(1:J control1 %I rcwt %fghsagd"ﬁﬂ#‘? %ﬁ@ﬁ%ﬂ ener at or
118. “The ¥ &% n%ﬁa‘rn g’éﬁﬁelﬂétw BPoruispYs 4m 2 windbraime midgnatd meerbaine 120 and
a quadr at Ltéﬁ]ovﬁlcgklaaik 190. | Tm8e 1ihals e bo nnel out ut on l'ine 120
IS input ? an ana] 0g-to 15 di |?21I convgpweﬁlg’g%lggrﬂ T”Er
quadr at ur TEREIRINI R thate shewn rnn‘%gmé iThe winslow should e aptiied such that
anal og-t o-tHé gigttﬂ|caﬁiéfb\&%ﬁﬁronﬂ:@n IFse4h : |jpes 120 and- 122 are
used to coptrol the automatic galan con?ar%g E(I:E?;?%E?{‘R‘%fgah%ﬂ'@ otg Sal on Iline
120 i ncl udBaital earders issral cnguel nefita mpgst sistemspesfopaanat.athe & dhd Qsignkisust r at ed by
bl ock0 140 m@@mﬁi@&i {oGhe BihsRittdRWaud LiRgSad 4 ntl a speaker
144 or ot her H’qu devi ce. 20. AF] op tl%nalfd ﬁﬂgﬁﬁ’é“g'é‘qﬁ‘ﬁ% ?thg may be
used to flcl"ﬂé‘F o'l FRmcAsE it Wr@ﬁ%@agsﬁuﬂ forperfb@8 theowinldowingadng t he ener gy
of the an%uﬁﬂb%ﬁﬁdnﬁﬂﬁ‘l'op@x@ﬂoﬁs%mof’fo%b&?s:% iy ik %l§er?§§lmgnP$?i§§e 148. If
a

t he hi ghpa%énfllter i,s not used, the S|3 |ne sane as
that on |i thsgvindovingad guard dptervatremey iolrewit 1 Hearelinpint talthe BFpM@.s on |ines

148 and 13lfhob@di1dh hediEa RS0 AP itios L 4. . khes put 25
signals are b % to%gn gqua |zlgr( 15% fﬁ%tﬁgcé é‘?@%ﬂj}g—y Jars ‘F}FE i s passed
to a swi tc‘fWt r PaEsLf som F%Wt%esﬁm?@hmb@e@eme dutpua ofithieHEr fseavi ng

ci rcui t ariﬁbtftefrw?dfﬁﬂiers%ﬂoctﬁé&?e@ﬁd&ﬂ A r der nprove dat a
integrity. .The out e deinterlea er/ or\;\cl/;hre OB@FISW'B‘(B'FP%"JU ng

circuit i 29 ‘§§15’d“§ t‘a\&s@ﬂrp&!@eﬁgﬁﬁd’@ﬁ foreach Higital canrigyue cmﬁpdnmte squr ce
decoder | $hﬂﬁb%f&dtsbﬂmﬁﬂnﬁﬁﬂhﬂd rblibvek GEPSAPath faaarsm'? Pafdh e 20 T he

anal og signal, aﬂt ge transmtter and to tine n-ana Fgi t al
si gnal s a?n e and phase of the received digital mformatlon 'Ihe coefﬁcwnt multiplier
20. output is used to make symbol decisions, which determines the constellation point

that was transmitted. Processor 176 determines which of the frequency domain
constellation points was transmitted. These decisions, along witﬁ the pre-equalized
constellation points and the previous values of the equalizer coefficients are used to
update the equalizer coefficients as illustrated by block 173. Block 178 can utilize a

25 known algorithm such as the least mean squares (LMS) or recursive least squares
(RLS) to update the equalizer coefficients.

In order to properly demodulate the data, the receiver must identify
when training baud are received. When a training baud is received, the output of the
equalizer is not input to the symbol decision processors (including FEC and

30 deinterleavers) because the training baud information is not used to obtain the

digitally encoded audlo program. Also, the equalizer uses a different convergence



receiver. The output of delay circuit 168 is converted to an anal og signal
by a digital 16 Decenber 2003 -10 to-anal og convert eig DeBerhber@ooduce a
signal on 162 which goes to the output stage 142. Figure 4 is a nore
detail ed functional block diagramthat further illustrates the operation
of the invention. Both in-phase (1) and quadrature (Q signals 5 are
provided on lines 148 and 130 as inputls1 to a window ng and guard i nterval
renoval circuit 170. These signals nay be provided by using down. converter
el ements sidi : in Eiagure 3.. The. wi.ndow.shoul d be applied
such t hat %ﬁﬂég{ ﬁ‘?agfa%‘g‘?g@é‘?‘?f%%’ 1 ralaihy f%ﬂeh%d%cﬁﬁ’lefi' Adgiongly, dhe’t he' | ack. of
or t hogonaldrtaythat dpinputtth éhe ndisgpratr estimate évpsodessed Miffdrerslyauieh an@inikg | Npact

syst em per Th Lhoral s ;10 are h ized to the
Y anom [t odtbaoearyset Rl AL UERRS % R aRy ok 37 BRpuisdre cui ¢ 172
I n some cddwbdita conggponding thvtha traiging bsud whenpetrditingrbaddds vicaideddnaghand guar d

band §eno\alLoP ] rd ocessi.ng by highpass filter 146. The
out put s f?’l(r)lm ;ﬁ%gv;a&l .g@vaRnng%nﬁépaﬁgr‘g bt weegi/a%srsbﬁﬁgdps%g‘?r&ﬂ’ ttha 70 are
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training ReBuRk BedoBGah il or MiShodhed bRl 1 s received, the out put “of
I ' {6 Lhe Sy ol og'é"cl

the equalizer is not 1 nput _ tSF on processors (i ncluding
FEC and This invention provides a transmission format and reception method :

for system control information in an AM compatible digital audio broadcasting

20 system. The tyaumnitted data includes transmission mode, interleaver
synchronization, and control data synchronization information. In the preferred
embodiment of the invention, the information is transmitted on tﬁe OFDM catriers -
that are closest to the AM carrier. BPSK modulation format is used to provide robust
performance in the presence of noise and interference, The synchronization

25 sequences discussed below have been chosen to result in low autocorrelation sidelobe
levels. ‘

Figure 5 illustrates an entire control frame 184. As shown in Figure 5,
the first 12 bits 186 are to-be-determined and can be used as needed for future system
upgrades. The next 4 bits 188 are the transmission mode information bits. These bits

30 indicate the audio encoding rate and the forward error correction rate used in the

convolutional encoder. In the currently preferred embodiment of an AM digital audio



30 deinterl eavers) because the training baud information is not- used to
obtain the digitally encoded audi o program Al so, theRgumbez2003uses a

di fferent convergence 16 Decenber 2003 11 factor, or adaptation constant
when a training frame is received. Additionally, the data that is input to
t he noi se power estimate is processed differently when a training baud is
received. Al so, the synbol decisions | a priori data block 176 outputs the
i deal data corresponding to the trainrﬁ& baud when a training baud is

recei ved ]gm} q ﬁnbol deci sjons when a normal baud is received. As
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t he 1 nvention, the information

In the pre enb

transmitt esgl% Vﬁlém&;'%ﬁ U(’sgﬁo ‘@Feé“““teﬁ‘é{'t‘d%ﬁ"% dedip Beipg pransmittade Smlatmnr i er. BPSK
nodul at i oreffilis rigbriihen fmﬂdeﬁﬂniﬁgowd SnshRRishimodR 8l WS & b prhdiRaPT esence of
noi sg§sand énﬁ egl El%rbence 'EF on| ation 25 sequences discussed bel ow
have een ‘REdRRIEO5CATIE T 1BE BF PR camicts s ariog by Us@verqdewm s. Figure

5 i |l ustr digdy amlikelyi that dﬁntim)lfof rt%ﬂi&%mﬁs SWRAR dsQ rﬁ&gu Sl the first
ee or Fut

12 bhits 18n§°d%a?m - be- det er m ned %gd K?n be used as ur e

rmats can be recove: ternatively, the transm:sswn mode bits

could be correlated with all possible transmission mode codes. The comrelation

system

producing the largest output would be chosen as the transmission mode. The result of

20 - the correlation could be lowpass filtered and hysteresis could be added to reduce the
effects of noise. The correlation could be impleme;nted as a negated exclusive or
(XOR) of the received bits with the possible transmission mode codes. The bits
resulting from the negated XOR operation for each transmission mode code could be
summed to represent the correlation value.

25 The next four bits 190 are part of the 40 bits that comprise the
interleaver synchronization word 194. The 40 bit interleaver synchronization word is
transmitted once per interleaver frame, with 4 of the bits transmitted during each of .
the 10 control frames that are transmitted during each interleaver frame. The receiver
processes the interleaver synchronization information to determine interleaver frame

30 boundaries. The interleaver unique word was chosen to have a high peak-to-sidelobe

autocorrelation in order to permit reliable determination of interleaver boundaries,



upgrades. The next 4 bits 188 are the transm ssion node infornmation bits.
These bits 30 indicate the audio encodi ng rate and t he Deosmbed208I3r or
correction rate used in the convolutional encoder. In the currently
preferred enbodi nent of an AMdigital audio 16 Decenber 2003 -12
broadcasting system there are 3 nodes defined for transm ssion, including
audio encoding at 48 kbps with a 315 rate for the convol uti onal encoder,
audi o encoding at 32 kbps with a 2/5-fdte for the convol utional encoder,
and.audiofﬁpc dHBg a&416 kas wWth a 1l/3 rate for the convol uti onal
encoder . THECHCRIY, e bitpatian useddwl 1 A0 haLildhl 1509 @ t 8ddes1 el @hosen t o
have the nionmioornimioer 1 0fo, ditich el altblctretatbn bPeo l‘xﬁ&rﬂh\é%%%qet s
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frame is r%‘@g{’@%@.a ﬂ?‘i‘grsgt?h%?e"ﬂt"fi@“ S dvhen the seswenceds nottelignede otwer t o use

the i nfor nhiti e dutcetirélitonl} enhddoby fb J Bhet ' egver. o determ ne
] y cofitng the %ﬁ?ﬁ@& t% &grngrﬁeggé'%n node 10

the tgansm §si.on Pndg_ é)ﬂ% met hod of determnin

woul d’be t B CIENLT 558 2Rt A URDers 2 rhiineg byrising e for & § bithad aarr &rr ecei ved as
a l. Wtha0bi Ristthe dd@Ratbdr!fiasleliahRdedsiy 5 SHdr ' should sumto O,
20, and 40 _f e 3/5 ?c?gig, 2115bcoglg, a*\gﬂfﬁfﬁgéhgeg?&irréegjﬁ%gﬂ%eIy. The

r th
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node i s beifife tenacmtrol fiedles, STHY habived ; ' hhm for determ ning
the transm ss#' og mde hﬁéesshomri_t tquggﬁegggjcst%qn@g%ﬁﬁ@ggn%aor‘r?é:ﬁ EBI e because
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nodul ati on forgats, can be recovered. Alternative ssi on node
bits coul™HE HFHleaver SYachpIzatign bity rresived ears bexpnerelatest with tedmowndes. The

correl ati gutterps OkhdQefidt dfNRe beFADh cak bR YbmPaEd ¢ p%r@ﬁgﬁet? Gu%gemghe

transm ssi.otnlm)de. he .result of 20. the correlation cou e lIn%\/vpass
filtered NG HYStEPEEPUZAUBY d be added to reduce the effects of noise..

The correl ation coutd dclspkeritedladih, and RhRAANG! Y5 YR Bbge (XOR) of
t he h cei ved%?tjrifts withg%sgge ssi bl e transm ssi on node codes. e bits

resulti ng PO FEHE ey VEbefathawn indiguwadthe lagidhhitssi9@f ande code

coul d be centrotethnieCconsipt FICBRSK. B ichroh iz A drfkfie YWrdri € The L four bits
190 are part of t 40 b at,  conpri se trﬁdehe i nt eﬁegl\}%??es(;}ﬁﬂé roni zation

word 194, ugn%fjlg’?etf i tﬂf’t‘it“? Q‘%&%ﬁ“"?’y‘ﬁéﬁ?%‘i@t‘?&@ biicratiern of thercamtmli t t ed once
per inter fmmeeso thatdnean chbdsh tke wrbpdr BRs Brlte iRRNoh ghe AHd tRG1EREN Of
synchronization information. Like the interleaver synchronization word, this word
20 was chosen to have a high peak-to-sidelobe autocorrelation.  Specifically, the bit
pattern usedis 11 1110110010101 1000 1, which has an autocorrelation of
20 when the sequence is aligned and a peak sidelobe level of +/- 4 -when the sequence

is not aligned. The known transmitied pattern for these bits can be used to correlate

the received control word bit pattern at the receiver. Because the other 20 bits of the
25 control word could occasionally produce a high correlation with the BPSK
synchronization unique word and to reduce the effects of noise, it may be
advantageous to individually low pass filter the correlation ouiput for each of the
possible correlation positions within a control frame. The output of the lowpass
filters, or of the correlations if a lowpass filter is not used, can be compared to a

30 threshold to determine when BPSK synchronization is achieved.



the 10 control frames that are transmtted during each interleaver frane.
The receiver processes the interleaver synchroni zat yemdceiBenEigaon to
determ ne interleaver frane 30 boundaries. The interleaver unique word was
chosen to have a hi gh peak-to-sidelobe autocorrelation in order .to permt
reliable determ nation of interleaver boundaries. 16 Decenber 2003 -13
Specifically, the bit pattern used is 10011 101011120001012
11101010 010000010012 40, whi ch has an autocorrel ati on of
40 when the sequence.j.s. al.i gned .and a peak sidel obe |evel of +/- 4 when
the sequence is not %gsila%egQQIQRBf’ges ?I‘fﬂl{g’gﬁ@dém%ﬁrf%lﬂaﬂmtﬁn'gmdbt ai ned by
correl ati rigesivieg serfredricfornmtien i@ apednpitide o @N&dnPRLNE d'%é?'atldi nd these
nunbers artﬁoé&;&i%gl bylnu in@ a .1cfor € ., bit and a -1 13 ra bit. As
the interleaver frane i S procesdbd BEFIHGREon cemaiy greferradepraptices emint er | eaver
synchr oni zZmbodimentsrod thisinvdntomimee bith aet.oubh Jow@h Wil o &itBrsloBi fhalipt S€duences
er

in eagh captrol frames. The receiyved interleav
synchr oni ?g‘{%lgﬁn {angb @genrwbsg em{%ogil'r%ewlg'f‘b‘ge theps ek hsfolloydagclaimsns i t t ed

interleaves word to find the interleaver 10 boundaries. Specifically, each
time a full control frame is- received, the |ast 40 received interleaver
synchroni zation bits received can be correlated with the known pattern.
The result of the correlation can be conpared to a threshold to determ ne
i nterl eaver synchronization. To achi eve proper correlatidn, the

synchroni zation for the BPSK 15 control frame nust-first be achieved. As
shown in Figure 5, the last 20 bits 192 of a control franme consist of a
BPSK synchroni zati on uni que word. The purpose of this sequence.of bits is
to allow the receiver to synchronize to the bit pattern of the contro
frame so that it can choose the proper bits for the transm ssion node and
interl eaver synchronization information. Like the interleaver

synchroni zation word, this word 20 was chosen to have a high
peak-t o-si del obe autocorrelation. Specifically, the bit pattern used is 1
1.1110110010101 10001, which has an autocorrelation of 20
when the sequence is aligned and a peak sidel obe |evel of +1- 4 when the
sequence is not aligned. The known transmtted pattern for these bits can
be used to correlate the received control word bit pattern at the

recei ver. Because the other 20 bits of the 25- control word coul d
occasional |y produce a high correlation with the BPSK synchronization

uni que word and to reduce the effects of noise, it nay be



advant ageous to individually | ow pass filter the correl ati on output for
each of the possible correlation positions within al1é®etembef2003e. The
output of the |owpass filters, or of the correlations if a | owass filter
is not used, can be conpared to a 30 threshold to determ ne when BPSK
synchroni zation is achieved. 16 Decenber 2003 14 This invention provides a
nmet hod and apparatus for . transmtting and receiving control information in
an anplitude nodul ated conpatible digital audio broadcast signal. In the
foregoing specification certain preferred practices and enbodi nents of
this invention have been set out, however, it will be understood that the
5 invertgbgﬁ%e ¢my be ot herw se enbodied within the scope of the follow ng .
cl ai ns cenber 2003 15 CLAIMS: |I. A nethod for digital audio
broadcasti ng a silgnal Ai m@thUfomglia'ﬂal ankd bpadawsiohgl aitigue] greaivdieg amakicg

plurali . t& r Cﬁ![ﬁl nnel as

t he ana +%%UQ%%%E%% % ri er19 cha%?tyl e?‘ﬁgz)“ﬁ y the eanéer%f ﬁ%ee?ag% ng the
anal og abeuhel ag thel ana&mgmeiulmddarmeesqharabtehmdt&yehdstgjstaﬁl |y nodul ated OFDM
subcarriers; nod t|n np. ntar of the at ed
OFDM subcarr | er? e ]f‘ﬁ a aé’?'r?él“éc’%”% %&E “f“h TRREER ¢ ef‘%ﬁ't ‘yﬁ%ﬁaﬁ%ﬁ of OFDM

synbol OFRMesbydme¢rel n successwe ones of said control bits in successive
ones of said CFDM ﬁ frarre forma ?trol frape, s&iid oghsﬂ franme
e ne a1 v SolBRG Bt arii OF Bt SENY sepntite] “GH

t r ansmi sibéapnerivad, a dnBecanad! BiefHeRE &f @fph&austgl of OFDM ylabdiSran@pvaReM | Ng a
control data s nc gl’in zation word, and a third sequence of said control
bits réBF@é%‘ﬁ‘?? A ppndeol B‘é%/'é‘rs“c%f;‘f%%?’t?ﬁﬁéﬁl EQ%%PHTI bl fragneg SO nent ar y

pai r ofcoaamoh@w)@aa ebFob frim6 inetlidig 4 firsbleqidide SEGRNEbNONGE Ofresealith a
subcarriers, being positioned adjacent to said anal og nodul at ed carrl er,

and saj TAPSTISFIgp ra?ﬂf QoS HRe 6?%‘§“‘6f ok a1t wnBelabis é‘?%esﬁ%ﬂ}”ignﬁ cqnigledatr

anpl i t ugfch-BaratRh Vesrd 0% @frd %@?L@nceg HDEAY ERFoP bitd A rdsERhgNnt hieRdavee anal og
modul ated carrier and the pl ura of digitally nodulated OFDM

subcar riveghgonigatior ordpseig 6amakﬂ@ntawmalr offsgj tsn@?anaqﬁ%lma@ﬁ@gufﬁgdnil secopft

ones of said subcarriers being positioned adjacent to said analog modulated carrier, and said
first and second onés of said subcarriers having a greater amplitude than other ones of said
subcarriers; and . -

transmitting the analog modulated carrier and the plurality of digitally
modulated OFDM subcarriers. )

' 2. The method of claim 1, further characterized in that:

a plurality of said OFDM symbol frames form an interleaver frame.

3. The method of claim 1, further characterized by the step of:

processing said control word to identify said control bits representing said
control data synchronization word by correlating bits of said second sequence of control bits
with a predetermined data word; and )

comparing the results of the correlating step with a predetermined threshold.

4, The method of claim 1, wherein said complementary pair of digitally
modulated carriers are modulated using binary phase shift keying.

5. The method of claim 1, further characterized by the step of:

receiving the analog modulated carrier and the plurality of digitally modulated
OFDM subcarriers; and



a plurality of said OFDM synbol franmes forman interl eaver frame- 3. The
met hod of claim 1, further characterized by the step1eDecphbeex®izng said
control word to identify said control bits representing said control data
synchroni zation word by correlating bits of said second sequence of control
bits with a predeterm ned data word; and conparing the results of the
correlating step with a predeterm ned threshold. 4. The nethod of claim1,
wherein said conplenentary pair of dL itally nodulated carriers are

nodul at ed usi ng bi nary phase shift k @i ng. 5. The nethod of claim1,
further characterized by the step of: receiving the anal og nodul at ed
carrier and the plurality. of digitally nod Iat_éad OFDM subcarriers; and 16
Decenber 2003 16PPFEERSs Wgc%’g?gfréﬁ'ﬁttgd?e“f‘ryaf’f*é U EHE TERICERTE BBht 1 ol

bi t s r epnesikanati syacisaiithtios @td.0l data synchroni zati on word. 6. The met hod of.
claimb5, further chargcterized hy the step of: supmng the control bits in
said first sequefice f&pe BEBOGP daimp.tyrther Fhamriarized bylgsep 87 pr oduce a summed
val ue; _ conpar kitgmsad He TeARB bk URid Ar®REquehicedfoPlodE ¥ ishid iRferleaver

pr edet efr m ned vgl ues representative of a plurality of transm ssion nodes;
and selTERGsg PRIpGeAYmedv8ehode corresponding to the predeterni ned val ue
that is closest cbrﬁlga.trh]% SaMNTRgheRY I tolonefdrdl Slfafly LR RARAGAREL NT

system for broadcasting a signal including an analog nodulated carrier and
a pl ur JEPESEREiveIply plamaliy ofwgnsmissen ©PSY andbcarriers in the same channel as

a | Ll _ i zed: 1) 4§ Laying th
e anal og nodu @élgdlnggrurahgﬁlﬁm&hﬁlbé‘&&ﬂe'sﬁo%g}nQY hg??eg?tlm(rﬁl%éd ve{?ﬁe tﬂ% 1%{:3&9 e

anal og nodul ated carrier wth respect to the (():I} y nodul at e
subcar ralesest:to tegwamedvalnpdul ati ng (50) a conpl enentary pair of the

digitall dul d ' - W ' : | . Bit i h of
lgitally nodul age %@){*ﬁ%%@agﬁ%ﬁesggeﬂ 31 br}gslﬁas%%gt%é%nal thdiudifly €ach o

a plurality of OFDM s I'n Successive of "sal ¢ control
bits i rnsneloggrtdplatadmariepfang aipthrORDV sgidaldy rfodalmed OFLHM subcacemndt mahe f r ane,

sai d_canhicOhoreARnd RSl IR GhR), EAERSG of said control bits

representing a transms n e secon seqﬁf"ence of said control bits
representing a means (61) for delaying the analog modulated carrier with respect to the

digitaily modulated OFDM subcarriers;
means for modulating (50) a complementary pair of the digitally modulated
OFDM subcarriers with a single control bit in each of a plurality of OFDM symbol frames
wherein successive ones of said control bits in successive ones of said OFDM symbol frames
| form a control frame, said control frame including a first sequence of said control bits
. representing a transmission mode, a second sequence of said control bits representing a
control data synchronization word, and a third sequence of said control bits representing an
interleaver synchronization word, said complementary pair of said subcarriers including first
and second ones of said subcarriers being positioned adjacent to said analog modulated
carrier, and said first and second ones of said subcarriers having a greater amplitude than
other ones of said subcarriers; and
means for transmitting (98) the analog modulated carrier and the plurality of
digitally modulated OFDM subcarriers.
8. The digital audio broadcasting system of claim 7, further characterized

in that:

a plurality of said OFDM symbol frames form an interleaver frame.



control data 'synchronization word, and a third sequence of said contro
bits representing an interleaver synchronization wondDegéintdec2iqld enent ary
pair of said subcarriers including first and second ones of said
subcarriers being positioned adjacent to said anal og nodul ated carrier,
and said first and second ones of said subcarriers having a greater
anplitude than other ones of said sypcarriers; and neans for transmtting
(98) the anal og nodul ated carrier and the plurality of digitally nodul ated

OFDM subcarriers. 8. The,digi.tal di,o broadcasti ng system of .cl.aim 7,
further characteri §Ed iﬁh? h@@?a?aaﬁ%rbéf’#c?&&g §%ﬁtﬂg&%ﬁja§9 o5 nes f or m
an interbmyaéﬁjea@ge. 16 Decenber 2003 17 9. The digital audi o broadcasting

systemof claim7, further characterized by: neans for processi r;g (163)
said control work MsapsioRprecessng (630 seidoionirpl werk tpidestifivt saidycardiodl cont r ol

data syn I k r I.Ag .0 f I cpnd seguence of
contr ol g?% g%&?%ﬁ%}%éﬁﬁe)(gg?g%n%&g%éﬂ (fg%déunz\%g%ﬁﬁgﬁc}) }fﬁg‘grlg%%tr%%ﬁl?sna?sa?ﬁe results
of the cescond atquegcesdBentiol bita wither piedetsimiadd dhtaeshd| and i&.co]ii}ﬁrid%gi t al

audi o b_r%adca ti ?ﬁﬁsystem of claim7, further characterized in that the
means f of eﬁﬁﬂ'ifﬁ& Forslaling sigp sathiaprrddenmined hegsgoldarriers in  accordance

with binary phase shiftrhexiifit dbio WSadthdidsal ﬁéﬂi&fﬁfaﬂﬂd?a kfig system

of claim?7, further charact y. means fo¥ recei ving ('110) the anal og
nodul at edchaganterized imfhdt thieaneaph forahodwatolg isl agatgedity mucldlatasabd| cRBNin

subcarriers;, and ns for pracessing (163) said control frane to identify
sai d con?‘f‘cﬂdmﬁ‘?‘f"g%mg?méﬁ@%n& control data synchronization word. 12.
' The digital audio1br ogHs afifitdlJailS 1RFARbstilpAkdm Sticlar 7, Fhdeact eri zed
by: means (163) for sunm ng the control bits in said first sequence for one

of a pl ueharsatgnzsd bynt er| eaver franes to produce a summed val ue, for
S enTat e of RS Y8 YEehnN16)' aft BhHDE' hbduiRleaPlfHE! GhT Y VAl UeS
plurality of digitally modulated OFDM subcarriers; and
means for processing (163) said control frame to identify said control
bits representing said control data synchronization word.
12. © The digital audio broadcasting system of claim 7, further
characterized by:
means (163) for summing the control bits in said first sequence for one
of a plurality of interleaver frames to produce a summed value, for comparing said
summed value to one of a plurality of predetermined values representative of a
plurality of transmission modes, and for selecting a transmission mode corresponding
to the predetermined value that is closest to the summed value.
13. A method for receiving a digital audio broadcasting signal
characterized by the steps of:
receiving a digital audio broadcasting signal including an analog
amplitude modulated carrier, a plurality of digitally modulated orthogonal frequency
division multiplexed OFDM subcarriers in the same channel as the analog modulated
carrier, and a complementary pair of the digitally modulated OFDM subcarriers with
a single control bit in each of a plurality of OFDM symbol frames wherein successive

ones of said control bits in successive ones of said OFDM symbol frames form a

control frame, said control frame including a first sequence of said control bits

e



plurality of transm ssion nodes, and for selecting a transm ssion node
corresponding to the predeterm ned value that is cl as@stemnbet f®@3sumed
value. 13. A nethod for receiving a digital audio broadcasting signal
characterized by the steps of receiving a digital audio broadcasting signal
i ncluding an analog anplitude nodul ated carrier, a plurality of digitally
modul at ed orthogonal frequency diviggyon nultipl exed OFDM subcarriers in

t he sane channel as the anal og nodul ated carrier, and a conplenentary pair

of the djgi ulated OFDM subcarriers wi.th., a single control bit in
each of gegpﬁts%#tlé% atng&ospl KrBof fﬁﬁ%e%ﬁ%ﬁlﬁwg’g‘éi%maﬁ%% of said
control bidoatrbh datdCegehionzafne sv@ll, 2ad th GFMseyEhed Jr i TohRbMpts control
frame, said control frame including a first sequence of said control bits 1

6 DecenbEPrespne) ay inteiaxete rchipnization veurl.ssaid somplieentars gebmef sséduence of

said con Hi t] ont r.o a nchropi.zati on. word, and a
Third seqpensats mAERLTER P seulBiarhe ST RYRERST ReE RedPiohed

synchr onadjateht o waiddanaka shodolateli esmmidraayd paidr figf afdisdcorUbER! 6ff §4is

i ncludi ng,first and second ones %1: sai d subcarriers being positioned

adj acent SYoGREATshaxme g esigirmplitude han pther onesof saidisubeartiers; and second ones
of said subcarri egg HamenNg; oo 3Rt : @?9 ther .0f said
subcarriers; procgfésicng gai1 cogﬁrpgrﬂ%?raneénﬁlgg%é&en I dgbéhtgir?)&g%?fpir} | bits

r epr esengdithepntioddata spmhralizatimhavagakr oni zati on word; and produci ng an
output in response tq the digital ,audio broadcasti.ng signal. .14. The net hod
of claim13, furt h%rlpa'(’:ﬂ’égaf‘t?tg‘r’tﬂfew IPFPPRSE fo ghepﬁlﬁl iw%ogmé‘ﬁf;%?u@?w symbol
frames fggmaian interleaver franme. 15. The nethod of claim 13, wherein the
step of processing said control frame to identify said control bits
representing said tbnt rbhe agthad of plaith A dnfurthed charagterided in thhtar act eri zed by:

correlating bits o | uen f contral .hits with a
pr edet er mi ned dat ag R%?%ﬂy gﬁ%@@ﬁpﬁé@ﬁ%‘é@h@qe ?ﬁﬂ" gng?er:kﬁiéferc%wgl ating step
with a predeterm ngdl t hTeshelithd of claim 13, wherein the step of processing said

control frame to identify said control bits representing said control data
synchronization word is characterized by:

correlating bits of said second sequence of confrol bits with a
predetermined data word; and

comparing the results of the correlating step with a predetermined
threshold.

16.  The method of claim 13, wherein said complementary pair of
digitally modulated carriers are modulated using binary phase shift keying.

17.  The method of claim 13, further characterized by the step of:

summing the control bits in said first sequence for one of a plurality of
interleaver frames to produce a summed value;

comparing said summed value to one of a plurality of predetermined
values representative of a plurality of transmission modes; and

selecting a transmission mode cotresponding to the predetermined
value that is closest to the summed value.

18. A receiver for receiving a digital audio broadcasting signal, the

receiver characterized by:



16. The method of claim 13, wherein said conplenentary pair of - digitally
nodul ated carriers are nodul ated using binary phase sbiDtedbyi2t@w3 17. The
nmet hod of claim 13, further characterized by the step of: summ ng the
control bits in said first sequence for one of a plurality of interleaver
frames to produce a sunmed val ue; conparing said summed val ue to one of a
plurality of predeterm ned values nepresentative of a plurality of
transm ssi on nodes; and selecting a transm ssion node corresponding to the
predeterm ned value that is closest to the summed value. 18. A receiver
for receiving a digital audio broadcasting signal, the receiver

char act embadobioeithgRRenil @hdd4R8adeiRingRanR] fkfudiRCA Mal Anflitgdd al audio

broadcasting signal including an anal og anplitude ™hodul at'ed carrier, a

pl ur al i t¥§iogylaigd getrier) § phsality afedigitalthmgdnlatedf orthpgenal yiratjugieyi divisionul t i pl exed

OFDM ' ' | th | dul rier, d
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singl e amnd codhplbmbntiry RACH thé digitally rRldulayedodO FOMDMbexHed with @ wO\A; erein

successi ve opes, of sogi d control bits in successive ones of sai DM
symbol  f $RfFESDi 8} fach of grlvrality GLQIRM symbel demes Bihercimerocesstiearngl a fir st
sequencesR oftd) BN Bloodlils dnEPPIER! ORBM sylthBMAkSS kit To@firof second
sequence of said control bits representing a tontrol data  synchronization
wor d, aniiarae,tshidrabnirebirane mncbidisga first cequente bf dafd capiob bRNidpRGedihg a

interl eaver synchronizati on word, said.conplenentary pair of said

subcar r i SFSMSHY HAT NG SF?‘?’@tseﬁ‘r’ﬁwEQg%é CB‘F\'%%I%WF IERIPRF %é‘é’PPﬁr@r@t%ei ng

posi ti ongdcRehRe®i woedSaidla Bidl GueRAUbGALEE SRlb) Hits ‘%E%éétﬁﬁg fdrst and

second ones of said subcarriers having a greater anplit n other ones
of sai d Bigpleaveri smehropizatien (we®) fapt qomplessitary pair doft caidr sibdarrine t o

i dentify: i | bits regresenting. said cont.r.ol [data synchtoni zation
wor d; aﬁ&aﬂ‘%%ﬁ?f%?‘égr“%perS%‘}c%‘a ﬁ%‘ﬁﬂ?ﬁ?&%%%%? oned 3 %Cea‘iy i 24 audi o
br oadcastriahg mo@uiattd cdidier, Ha@ shRiCRisy &id fdcofid hdB dlffaid sibbhelersaaticd eri zed in

that: a £_I urality (?f said OFDM synhol frames forman interl eaves frane.
eater amplitude than other ones of'said subcarriers;

means (163) for processing said control frame to identify said confrol
bits representing said control data synchronization word; and

means for producing an output in response to the digital audio
broadcasting signal.

19.  The receiver of claim 18, further characterized in that:

a plurality of said OFDM symbol frames form an interleaver frame.

20.. The receiver of claim 19, wherein the means (163) for
processing said control frame to identify said control bits representing said control
data synchronization word is characterized by:

means for correlating bits of said second sequence of control bits with
a predetermined data word, and for comparing the results of the correlating step with
a predetermined threshold.

21. The receiver of claim 19, further characterized by:

means for summing the control bits in said first sequence for one of a
plurality of interleaver frames to produce a summed value, for comparing said

summed value to one of a plurality of predetermined values representative of a



20. The receiver of claim19, wherein the neans (163) for processing said
control franme to identify said control bits representéDgcsaber Zoogtrol data
synchroni zation word is characterized by: nmeans for correlating bits of
sai d second sequence of control bits with a predeterm ned data word, and
for conparing the results of the correlating step with a predeterm ned
threshold. 21. The receiver of claim19, further characterized by: neans
for summing the control bits in said'first sequence for one of a plurality
of interleaver franes to produce a summed val ue, for conparing said summed
val ue t clareitsef teansmipsioni medess angr forisaleqting Adtrnymisgion medsreoswsspandinge of a 16

Decenber Bl | f fransn,ssion des, and for selecting a
transniggﬁgg ﬁé%g co%%%g%%%%fﬁﬁkm5%%$%§S§Pgﬁgsgﬁﬁined val ue that is closest
to the summed val ue.






