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digitally-modulated carrier signals are broadcast within a bandwidth that encompasses the first

frequency spectrum. Each digitally-modulated carrier signal is modulated by a portion of a
20  digital program signal. A first group of the digitally-modulated carrier 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 carrier signal. Multiple carriers
are employed by means of orthogonal frequency division multiplexing (OFDM) to bear the

25  communicated information.
FM IBOC DAB broadcasting systems have been the subject of several United
States patents including Patents No. 5,465,396; 5,315,583; 5,278,844 and 5,278,826, One
hybrid FM IBOC DAB signal combines an analog modulated carrier with a plurality of
orthogonal frequency division multiplexed (OFDM) sub-carriers placed in the region from

30 about 129 kHz to about 199 kHz away from the FM center frequency, both above and below
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systen[i) comprises the steps of receiving digital information representative of an audio signal;

estimating the number of bits to be allocated to the digital information in a modem frame;

encoding the digital information within the estimated number of bits to produce encoded data;
adding bits corresponding to digital messages to the encoded information to form a composite

25  modem frame; formatting the composite modem frame bits to produce formatted composite
modem frame bits; and transmitting the formatted composite modem frame bits.

The invention also encompasses modem frame formats produced by the method
and transmitters that perform the method. The modem frame formats include a plurality of
backup core audio fields, an enhanced audio/data field, and a header field. Each of the backup

30  core audio fields includes a core audio frame, a cyclic redundancy check bit, a redundant header
field, and flush bits.
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i nvent i onperR@med itheredfivéraf Bigarllemati ¢ representati on showi ng a preferred
enmbodj rent of the %ore nodem frame format used with the present invention
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showi ng anRieh Hame dorBRPELH WRA thePrestRenveRid; audi o bl ock frame format used
with the present invention for use In an AM DAB system Figure 12 is a
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d f ' sl | f [ AM DAB
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audi ro ' Lgure 14 is bl.ock di agram.of a data
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transmitter in a difgtrald iardlenbitioadgeasititivg shywihg ® pra@rdabpRdRdnOdr B THE
PREFERED ENBI DI.VENTS Referring to the awi ngs, .Figure 1, is_a block
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redundant header field of the modem frame format used with the present invention;

20 Figure 10 is a schematic representation showing a preferred embodiment of the
core modern frame format used with the present invention for use in an AM DAB system;
Figure 11 is a schernatic representation showing a preferred embodiment of the
core audio block frame format used with the present invention for use in an AM DAB system,
Figure 12 is a schematic representation showing a preferred embodiment of the
25 enhanced modem frame format used with the present invention for use in an AM DAB system;
Figure 13 is a block diagram of the data signal interfaces that may be used when
practicing this invention in a receiver for use in a digital audio broadcasting system; and
Figure 14 is a block diagram of 2 data signal interface that may be used when
practicing the invention in a transmitter in a digital audio broadcasting system.
30 DESCRIPTION OF THE PREFERED EMBIDIMENTS
Referring to the drawings, Figure 1, is a block diagram of a DAB transmitter 10
which can broadcast digital andio broadcasting signals in accordance with the present invention.
A signal source 12 provides the signal to be transmitted. The source signal may take many
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already employs a diversity delay technique, which intentionally delays the digital signal for
25  several seconds with respect to the analog signal. A DAB system which includes time diversity
is described in commonly owned U. S. Patent Application Serial No. 08/947,902, filed October
8, 1997. An analog or digital time diversity signal is provided for fast tuning acquisition of the
signal. Therefore the main digital audio signal is processed in units of modem frames, and any
audio processing, error mitigation, and encoding strategies should be able to exploit this
30 relatively large modem frame time without additional penalty.
In this invention, a format converter is used to repackage the compressed audio

frames in a manner that is more efficient and robust for transmission and reception of the IBOC

signal over the radio channel. A standard commercially available andio encoder can initially
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30  encoder encodes all the audio frames (e.g. 64 audio frames) for the next modem frame and

passes its result to the audio frame format converter 76. The actual number of bits consumed by

the audio frame are presented to the scheduler on line 78 so it can make best use of the unused

bit allocation, if any. The audio frame format converter removes any header information and
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The nodem frane
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discretion since there is some incremental cost involved, both to the user and to the broadcaster.
Of course the broadcaster will assign the rules and associated cost functions for his net benefit
25  while providing a potentially valuable service to his users and listeners.

The modem frame format and assembly function arranges the audio frame
information and data packets into a modem frame. Header information including the size and
location of the audio frames, which had been removed in the audio frame format converter, are
reinserted into the modem frame in a redundant, but efficient, manner. This reformatting

30  improves the robustness of the IBOC DAB signal over the less-than-reliable radio channel. For
transmission in the all-digital IBOC DAB mode, backup frames, based on data supplied on line
86, are also generated. The backup frames can provide a time diverse redundant signal to reduce

the probability of an outage when the main signal fails. In normal operation, the backup frames
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produces tThe datathen is routed as shown in block 130 to the appropnate data service. The data priority

queuing is a function of the transmitter, not the receiver. The audio information from each
25 modem frame is processed by a format converter 132 which arranges the audio information into
an audio frame format that is compatible with the target audio decoder 134 that produces the left

and right audio outputs 136 and 138.
In one type of hybrid FM DAB system an analog modulated carrier is
combined with a plurality of orthogonal frequency division multiplexed (OFDM) sub-carriers
30 placed in the region from about 129 kHz to 199 kHz away from the FM center frequency,
both above and below the spectrum occupied by an analog modulated host FM carrier. In an
all-digital version, the analog modulated host signal is removed, while retaining the above

sub-carriers and adding additional sub-carriers in the regions from about 100 kHz to 129 kHz
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the Reed Sol onon code words are encoded systematically such that the
parity sVrﬁ?@lbxtearlémﬁbW%ﬁﬂdlﬁsﬂqunﬁeﬁ}eﬁ&ﬂ%an symbol s. This ensures that

the flush byte (a'imsz NiafrE TRpRSc 18 Read Sold¥ioR &E@&?Qﬁ@guﬁs&éde i nner

25 convol uti onal enco e redundant header field is | ocated t he end
of ©6e niormd ferrarreortagtlon (FEC) and interleaving functions. The rate of the Reed Solomon

encoder determines exactly how many bytes comprise the modem frame before FEC encoding.

It should be noted that in the preferred embodiment, the Reed Solomon code words are encoded

systematically such that the parity symbols are in front of the information symbols. This

ensures that the flush byte (all zeroes) remains as the last byte presented to the inmer

25 convolutional encoder. The redundant header field is located at the end of the modem frame to
ensure that it is coded with a separate Reed-Solomon code word.

The format for the backup audio/supplemental frame 148 of the all-digital IBOC

DAB system is shown in Figure 6. Each backup audio/supplementary frame includes a backup

audio field 150, a supplementary data field 152, a cyclic redundancy check byte 154, and a flush

30  byte 156. The two modes of operation include the 24 kbps core audio backup mode and the 48

kbps core audio backup. Although each BCAx frame holds 8 audio fields each of variable
length, the total length of the combined BCAx fields is constant.
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supplementary data field with cyclic redundancy check and flush bytes is fransmitted only in the

24 kbps core audio backup mode. The supplementary data field is replaced with additional
audio information in the 48 kbps core audio backup mode. In the preferred embodiment, the
25  BASx frame includes 1152 bytes (after Reed Solomon encoding), in 8 Reed Selomon
codewords. Each BCAx field includes 576 bytes {afier Reed Solomon encoding) for the 24
kbps mode, in 4 Reed Solomon codewords, or 1152 bytes (after Reed Solomon encoding) for
the 48 kbps mode, in 8 Reed Solomon codewords. The supplementary data field includes 576
bytes (after Reed Solomon encoding) for the 24 kbps mode, in 4 Reed Solomon codewords. In
30  the 48 kbps mode, the supplementary data field is not present. The cyclic redundancy check
and flush bytes are used in the 24 kbps modes, but not in the 48 kbps mode. The 24 kbps
backup audic mode enables the insertion of a supplementary data field with a throughput of
about 24 kbps. This field is intended for use as an independent broadcast messaging or data
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Solomon encoding) cyclic redundancy check is included, as is a one byte (before Reed Solomon
encoding) flush field to flush the Viterbi decoder. The HCA header is 8 bytes (before Reed
Solomon encoding), and indicates the size of the each of the 8 CAx fields.

25 The enhanced audio/data (EAD) 170 field format is presented in Figure 8. The
EAD is transmitted within the modem frame and holds audio enhancement information for 64
audio frames. The EAD includes a header field 172, a plurality of enhanced audio fields 174,
each including an enhanced andio portion (EAx) 176 and a cyclic redundancy check byte 178, a
data field 180, another cyclic redundancy check byte 182 and a flush byte 184. The preferred

30  embodiment of the EAD contains 13680 bytes (after RS encoding) for 24 kbps B/U mode, with
95 RS codewords, and 9072 bytes (after RS encoding) for 48 kbps B/U mode, with 63
codewords. A 64 byte (before RS encoding) header 166 indicates the size of each of 64 EAx
fields 168. The EAx fields hold andio enhancement information to increase the core
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in one codBthuieg 149 fterifalier Resd SRiemeu snch¢ing)s I orsr orie™ 384% i ng)
I ndi cat i ng;idg ?be%x%q{e@(fi S@l@ﬁl@n Q;ACOBB%) BPdickg thd 825t ead6F th$64 ERAUREE ndWe t h
the HEA fiéld in EAD frane. The core audi o header includes 64 bytes 20

(before Rge@mwtdnﬁhﬂ@rf&@uﬂe@)mﬂhp EARcwes- s The pore @udie degden ichides &4 bACs| ngl e
byte gycl '@eflc_)){quééa r%ﬂg&#ﬂ ;%)sin '8 @lf;ﬁ\f@t&d fbin ﬁ@@’gerﬁ smglg%y{é dafcfield
1 ytes ee

i ncl udes zero onon encodi ng), wnhéere P I's the
nunber of mpdmdincyisheakds includéd avshalt eaders. t Brelflusid §eld dhstudes fi%+P gerp oligh thefres

provi des add oAl MLOESS! WRGe BIE ShmES' Jr'Ridy Htel 1o S MIRAYetrRAbcoRGAET
This redundancy provides additional protection against corruption of the important header
information. The enhanced audio headers (HEA) 166 are transmitted in two locations within
25  the modem frame (i.e., the RH field and the 8 EAD field). The core audio headers 182 are
transmitted in three locations {i.c., the RH and the 8 HCA fields within the modem frame, in
addition to the 8 HCA fields in the backup audio supplemental (BAS) frames of the all-digital
IBOC DAB system). The HEA header information includes 64 bytes (before RS encoding)
indicating the size of each of the 64 EAX fields redundant with the HEA field in the EAD frame.
30  The core audio headers include 64 bytes (before RS encoding), with eight headers duplicated
from the BCAs. The RH field includes 144 bytes after RS encoding, with one RS codeword.
The RH Field also includes a cyclic redundancy check byte 184 and a flush field 186. The

p,n_




I nformati on. The enhanced audi o headers (HEA) 166 are transmtted in two

| ocations within 25 the nodemfrane (i.e., the RH field and the 8 EAD

field) WOrHA5¥8re audi o headers”182 are transmitted i nPCTHUSNG2B188at i ons
(i.e., the RHand the 8 HCA fields within the nopdemfrane, in addition to
the 8 HCA fields in the backup audi g suppl enental (BAS) franes of the
all-digital 1BOC DAB systen). The HEA header information incI udes 64 bytes
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syste ata is, segregat i nt re--Data _or Enhancenent Dat a,
depen:ﬁs nglé& gtt%l be ﬁggraﬂg 'ﬁ&g@?a‘g’ Cﬁ?&ﬁdﬁ@%ﬁ?@ Avdie fight lmﬂadqmem Franme
192 i IgratptofatCole ARGDIF3ahes, WiereREIHIDEA ISR IOt PR RS éydhfé tields
194, an Enhanced Audi o/ Data field 196 and a Redundant Header d 198, as

© shown PHPesite Medam Eramst is mressnted 10 theeGBHCHa ErendeCande subsetiuentfintetlcavinge | udes a
gI®UP fidctiénsCor € Audi o Franes, where each BCA field is allocated a fixed
maxi mum si ze. The conposite Modem Frane is presented to the CPTCM Encoder
and subsequent The érmatfpr thy Care -‘fusirmBloohsl94iiﬁ&1ef(2nrerModbmr1swaserwm Audi o

Bl ock Fi.qur e ch. CAB i ncl udes a
" header 200 # f%%ir? ﬁc%ﬁgﬂ% a?%ﬁie@sg%g eac?\dm ﬁ?‘ﬂ‘eﬁza%fﬁﬁ ¥ith B &¥eHedancy
check r@;;mdmatbecé:hsrpmzﬂé DEmokblag62065 antl 2 f16sh i 208 | The2fight CABx Rargést ~CABX
frarre nsmtt as art of.. t he demfra Inthe referred
enbodi rreé%gm éadh I Wdf“g frrses- %@%Pﬁgwﬂq gp header
i 85 f OLerIdJr,st469 bytemuefoatdodggi ﬂ'he HiCzeheatierd €ur Bites, lifdicdting rthef?s?ze Jﬂ eﬁéﬂﬂ@f The
core d % g(Ek;:Ax]E riahle | gth audi o franme nunber of bytes
in § "?éﬂ' A< liFigsn thygo Alxsh° s Yayighle dongth sudie fame anwmbercheck.
Bl ock of 29fes if ARSI Bicted BRTHR HéHJe@S OROTR mm?le(dyth@féuhn&stﬂhe%ted'B%ka ame
allocgtion. The flush block 208 is siXx zero data used to flush the

Vi t er K06 JeRegRFals spare Jyytesremainine {ifiany b efisr agdioframer allogation. Theo@ushddodk nunber

of bi t298fiodix bii€oMNRY dAPseto Eﬁsgr{ge(/g&{,pdéggdgnhancenent) The Audi o Encoder
encodes all the_ Audio Franes (e.g. Audi o Franes) for the next Mddem

Ff%me and passedhe Aydip&ingeder ofFigyre 3M1°Gat¢df ammiep pfiits-for tlo next Moslem
Frame (Core or Enhancement). The Audio Eicoder encodes all the Audio Frames (e.g. 32

Audio Frames) for the next Modem Frame and passes its result to the Audio Frame Format
Converter. .
The AM DAB Core Modem format carries core audio information for 32 audio
25 frames, along with a dynamic data capacity. The Core Modem Frame is comprised of time--
diverse main and backup comporents. In the preferred embodiment, the size of the Core
Modem Frame is 30,000 bits (3750 bytes) before coding. CABx (x=0 to x=7) represent the core
audio blocks CSBO through CSB7 of 460 bytes each.
The eight Core Audio fields CABO through CAB7 of the Modem Frame are
30  transmitted redundantly as time diverse Main and Backup components. These Main and
Backup components are created in the FEC coding and interleaving process. The Backup
component of the All-Digital IBOC system are transmitted several seconds after the

transmission of the corresponding Main component of the Core Modem Frame. The Backup
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the Core al one. The ﬁﬂﬁ‘ﬁ%‘@ﬁ@ﬁtm?&kﬁﬁa‘mﬁr theotudip mhemmaman@nnwmefnem

I nf or mat i QR
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32 fi nt au

noresse PRCEY ER: a0, e toAL GA0ANG SRR P b Gl B ifpere
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remai ni ng forane. al | ocati.on. A ane shf el d of zeros is
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The sinpl est al gori d sinply place the highest priority nessage
packets in the fron%ﬂ%?c%adﬁ%%theﬁn%ﬂ%ﬁmwzécgm%?@ tizeh easagds Yesedor ity

cl ass20 Thiupon some predefined rules. The simplest algorithm would simply place the highest priority

message packets in the front of the queue in chronological order for each priority class. This

algorithm would guarantee that higher priority messages would be transmitted before any lower
priotity messages waiting in the queue, and the chronological order would ensure fairness
within each priority class. It also ensures that the highest priority message class will be

25 transmitted with the shortest possible delay of any conceivable scheduling algorithm. However,
this particular scheduling algorithm does not ensure that messages would be delivered within
guaranteed times for each priority class. Moreover, it is possible for a message of any priority
other than the highest to be in the queue indefinitely as new highest priority messages continue
to be generated.

30 The various frame formats have been carefully constructed to provide an
efficient and robust AM IBOC DAB commumications system. Moreover, the frame formatting
enables important features of this design, which include time diversity, rapid channel tuning,

multi-layer FEC code combining between main and backup chamnels, and flexibility in
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modem frame assembler 268 receives the encoded frame boundary information, the encoded

frame audio information, and the data allocated in accordance with the allocation variance
signal to produce the modem frame that is output to the air interface on line 270.

25 The scheduler orders the incoming prioritized and packetized messages based
upon some predefined rules. The simplest algorithm would simply place the highest priority
message packets in the front of the queue in chronological order for each priority class. This
algorithm would guarantee that higher priority messages would be transmitted before any lower
priority messages waiting in the queue, and the chronological order would ensure fairness

30  within each priority class. It also ensures that the highest priority message class will be
transmiftted with the shortest possible delay of any conceivable scheduling algorithm. However,
this particular scheduling algorithm does not ensure that messages would be delivered within

guaranteed times for each priority class. Moreover, it is possible for a message of any priority
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mul ti pl exes the data packets algong with the encoded audi o packets dyring
assembl y dfansparent to the audio decoder. However some restrictions are placed on the audio encoder.

These encoder restrictions are related to the allotment of bits to various groupings of audio

frames. The new frame formatting enables time diversity transmission of audio information as

25  well as FEC code combining of the time-diverse audio segments in an all-digital system. This

time diversity feature and its compatibility are also maintained in the hybrid system, which uses

the analog signal as a time-diverse backup, as shown in U. S. Patent Application Serial No.
08/947,902, filed October 9, 1997, assigned to the assignee of this invention.

The present invention permits the use of a standard advanced audio coding

30  (AAC) encoder in a digital audio broadcasting transmitter. In the illustrated preferred

embodiment of the transmitter, the custom modem frame formatting is performed outside of the

encoder. Similarly, the preferred embodiment of the receiver disassembles the modem frame

prior to using a standard AAC decoder to decode the audio samples.



20 the nodem frane. Additionally, audio franme format converters are used to
enable transm ssion of reformatted generic conpressed audio franes in the
DAB nodewof1/88388 i n a nanner that is transparent to the paaisoozhessoder .
However sone restrictions are placed on the audio encoder. These encoder
restrictions are related to the allotygnt of bits to various groupings of
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the nodemframe prior to using a standard AAC decoder to decode the audio
sanpl es. WO 01/ 15358 PGI/ US00/ 23185 16 Wiile the present invention has
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conposite



nodem frane bits; and transm’ttUH@ the formatted conposite nodem frane
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number of &ReRfled ditmames, said audio franes havi ng variable lengths. This
Sheet Has Boen Repl agag bid Aditdoddd 1 bidil inedobdel 13 calRulled Sibhndioh 1 1 1)
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wher ei n t Hermg & epmpstsiterede figme:ai d digital information within the estimated
nunbenqsof bits to produce 0 t i he ste 0 arrangi ng
the bits of di gital “Tnf orlg"rg’ | ocgggﬂ%% lgo%%uﬁéﬁg@s E%prgé%c&ﬂ%m}a}tg%%m%% €an
enhanced auciem framehits;arfd 9. The nethod of claim 8, wherein the bits of
digital information_in said ck frames and sai d enhanced audi o frame
are arranged to be m%ﬁmewg‘%WMf%ﬁgmgﬁ‘?ﬂﬁwtransmtter for a
di gital audi o broadgasti THe myHb® 6T QAL Whérbig the step of estimating the number of bits
to be allocated to encode said digital information in a modem frame, comprises the steps of:
15 storing said digital information in a buffer; and

estimating the entropy of said digital information.
3. The method of claim 1, further comprising the step of:
removing selected overhead bits from said encoded data.
4, The method of claim 1, wherein the step of adding bits corresponding to
20  digital messages to said encoded information to form a composite modem frame, comprises the
steps of:
prioritizing a plurality of said digital messages; and
selecting bits of said digital messages having the highest priority to be added to
available bits in said modem frame.
25 5. The method of claim 1, wherein the step of formatting said composite
modem frame bits to produce formatted composite modem frame bits, comprises the steps of:
inserting redundant frame overhead data into said composite modem frame.
6. The method of claim 1, further comprising the steps of:
multiplexing said digital messages and inserting the multiplexed digital
30  messages into said composite frame data.
7. The method of claim 1, wherein said modem frame includes a fixed

number of audio frames, said audio frames having variable lengths.
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means for receiving digital infor ' tive of an audi o signal;
nmeans for estimating the nunber ommﬁ)mlnmﬂ Elmncat ed to said digital 10
i nf or matwonl/is3s& nodem frame; nmeans tor encodisng *sai d diPGITUSPO23485r nmat i on
within the estimted nunber of bits to produce encoded data; neans for
adding bits corresponding to digital ygssages to said encoded information
to forma conposite nodem frane; 15 neans for formatting said conposite

modem frame bits $0 progigRioar SRthss 1,%{59&&&&@@9(5&%&6&3%&14 %ifitﬁlnd
|

means for transmtting the formatted conposite nmodem frame bits. 11. The
transni informatipn withinthd etimated numhenai bitwieieduce enceded detaqomprisesdhe sienstolr  of

bits to be aIIocaE%g Ll gital. | ' ane,
conprises: 20 nmeans 'F“%r‘%@%?“?n? sal d %%ﬁlg‘o'l{ n?%??gér@?%ag%gﬁﬁf%{; and
means f enhanedd audioi frgnd he entropy of said digital information. 12. The
transmtter of clgiml further. conpri sing: ans far. renmovi.ng. sel ect ed
bi ts’ from sai d encoded P’ﬁ&mg?fcﬁﬂg%t WZ‘H@%W%&S 8?‘%&%%? ?él(\)/ﬁ%lé‘rsgfdﬁ t he
_rre?ns f Ebhcl@ggﬂaﬂfﬁs kid said chbarked aRkPRALE ﬂgfafrﬁhgéﬂ ¢ Besubgeracntly esde cmbiried. encoded
information to forma conposjte nodem. frange, conprises: neans for
prioritizing a pldPal i Maafmgtgq@raggf@lgpdﬁqggga&&é 18 YRETFOIRESIET sel ecti ng
bits of said digi E&Epd”ﬁ?r%@ﬁﬁﬁ§H@&lﬁﬂfoﬁﬂﬁoﬂ'r??éb‘éﬁtaﬁe'dfﬁhhﬁﬂi&§i ; added to
avai | abl e bits in said nopdemfrane. 30 _14. The transnitter of c¢|aim 10,
wher ei n the neans nfegps ffoyr paiimating thej npmbeh AfoRitst b0 beRlloratediie ¢ digitg!
produce . $lafs. Modem frame bits, conprises: nmeans for

insgtrjlti ﬁgﬂﬁg%&nggﬁ@%ne gi/erhead data into said conposite nodem frane.
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15. The _?lpﬁ LRT TERT°9Sf 1 ai m 10, further conprising: means for multiplexing
said digital nessagas dordaddise bits ngrrespending tto pligitab dnessiggs ttal saidessaded i nt o

said conmpgsite frane data. .
nlgg)rmat?on to ?‘oxm a composite modem frame;

L

ag

15 means for formatting said composite modem frame bits to produce formatted
composite modem frame bits; and
means for transmitting the formatted composite modem frame bits.
11.  The transmitter of claim 10, wherein the means for estimating the
number of bits to be allocated to encode said digital information in a modem frame, comprises:
20 means for storing said digital information in a buffer; and
means for estimating the entropy of said digital information.
12.  The transmitter of claim 10, further comprising:
means for removing selected bits from said encoded data.
13. The transmitter of claim 10, wherein the means for adding bits
25  corresponding to digital messages to said encoded information to form a composite modem
frame, comprises:
means for prioritizing a plurality of said digital messages; and
means for selecting bits of said digital messages having the highest priority to be
added to available bits in said modem frame.
30 14. The transmitter of claim 10, wherein the means for formatting said
composite modem frame bits to produce formatted composite modem frame bits, comprises:
means for inserting redundant frame overhead data into said composite modem

frame.
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16. The transmtter of said nodem frane includes a fixed
5 nunber of audio fraﬁﬂlﬂilm’mimw; Hl mes having variable lengths. 17.
The transnwotanssss claim 13, wheteitn t*the neans for encodi pgr/esiodsmssgit al
information within the estimted nunber of bits to produce encoded data

conprises: nmeans for arranging backup fyganmes of said digital infornmation
for transm ssion wthin said conposite nodemfranme. 10 18. The transmtter

of claim 17, whereigs the?ﬂé&éxsﬁfmgéﬁ'}&ﬁlm ér%ég%sgequesal d backup franes

and said enhanced audio frane are arrange ntly code
conbi ned 19. A fi xwansefvgtrhulmﬂdzeng fsaid rxhgxtab muasagéoand teerang tthe amitiblaed al

audi o r@%&s Sm tlon“?ﬁ’%{%%{f?l ng: 15 a predeterm ned nunber of

audio fra sal Fariabl e |engths; an enhanced
audi o/ data fiel d; amd amee@aigmfer 6f dlaim210, wf&%n@&ﬁ@xﬁﬂd@z&mef:ﬁﬂﬁ&% aGfxeg! ai m

19, wherei . said aulofrarres 20 co ises: a core audio frame; a

cyclic red\h‘ﬁ'@ﬁ’r%?u&‘ﬁ S5 SR a““é°#é‘8€ﬁ?ﬂ¥1’l’iﬂvﬁ%f’r£gfé?nﬂﬂ?sel d; and fI ush bits. 25

21. The modemfranewornme@&;sﬁﬁt@ma&mmﬁhabmﬁ@wme%}%ﬁ @Qﬁta

field conprises; &mrallty of enhanced audio franes: ycli ¢ redundancy
L]

check bi t ;igrmati the esiiated muwmber-of hitgto paslues encordetidats Cﬂm'mags Sheet Has
Been Repl aced 1111/ ilx{e&x;sjﬂ)};rrangmg backup frames of said digital information for transmission

within said composite modem frame.

10 18. The transmitter of claim 17, wherein the bits of digital information in
said backup frames and said enhanced audio frame are arranged to be subsequently code
combined.

19. A fixed length modem frame format for transmitting digital audio
broadcasting information comprising:

15 a predetermined number of audio frames, said audio frames having variable
lengths;

an enhanced audio/data field; and
a header field.
20. The modem frame format of claim 19, wherein each of said audio frames

20 comprises:

a core audio frame;

a cyclic redundancy check bit;
a redundant header field; and
flush bits.

25 21. The modem frame format of claim 19, wherein said enhanced audio/data
field comprises:

a plurality of enhanced audio frames;
a cyclic redundancy check bit;
a redondant header field; and

30 flush bits.
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