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{57) Abstract: Systems and methods are provided for decoding a message symbol in an audio signal. This message symbol is
represented by first and second code symbols displaced in time. Values representing the code signals are accumulated (116) and the
accumulated values are examined to detect the message symbol (120).



SI GNAL FREQUENCY SYMBOL VALUES DECI DE MESSACGE I N DOVAI N VALUES PER
MESSAGE OUT TRANSFORM DERI VATI ON SYMBCOL CONTENTS Abstract: Systens
and net hods are provided for decodi ng a nessage synbob6iNvvembenatios si gnal .
This message synbol is represented by first and second code synbols

di spl aced i {golghHBpe Val ues representing the code signals | at ed
(116) and the accunul ated values are exam ned to detect Q{cﬁgﬁﬁr@é@gge synbol

(120). 26 Novenber 2003 WO 00/72309 RCT/USQCQO 14057 1 DECODI NG OF

| NFORVMATI ON | N AUDI O SI GNALS BACKGROUND OF THE | NVENTI ON The present
invention relates to nethods and apparatus for extracting an information
signal from an encoded audi o sigicophet®Ere various notivations to

permanent |y or indelibly jNSAATION IN RUPDIORIGRAIS gnal s into audio
signals, referred to as "watermarking."” Such an audio 5 waternmark nmay

provi de, for exanple, an indication of authorship, content, |ineage,

exi stence of copyright, @ACREROWED IOF THRINAVENTION ghal s so mar ked.
Alternatively, other information nmay be incorporated into audio signals

ei ther concerning the signal itself or unrelated to it. The information
may be i ncor por afteeréstntaiiveAtish @lats g@tthddsrand ¥ipatBusToidtrpAmgsn such as
identificatiqn or. as ap.address .o on’manfi, whet her or not 10 related to

t he signal HTEP ‘.’“WP@OIF§“5‘6W§? W18 nterest in encoding audi o signals

Wi th informati onTHege arp v EE o6 RROAEE paththinent5i @ Midlefblp Msbgrasdibst antial |y the
sanme percepti bl e. charact erigiti.cs as the ori g‘iﬁnal ur,len,pglolled audj o signal s.

Recent succHB&dmgfion igigaudio Signalyreferrgddo a5 | wateraR | SushAnaUll ef fect of
the humap audicin@drl niy ptRMe\IeEaRple] bn Baichttinbf s OHRERp AoRteli RdaAkY,

| mper cepti blfaygst‘\eAhmg rc])f trxﬁ)():rglg}\l{[,e (g' t}?c! l?kré%o%é Qud?(;[ sqgnralsss?)umnacrife'd. Alternatively,
other information may be incorporated into audio signals either concerning the signal
itself or unrelated to it. The information may be incorporated in an audio signal for
various purposes, such as identification or as an address or command, whether or not
10 related to the signal itself.

There is considerable interest in encoding audio signals with information to
produce encoded audio signals having substantially the same perceptible
characteristics as the original unencoded audio signals. Recent successful techniques
exploit the psychoacoustic masking effect of the human auditory system whereby

15  certain sounds are humanly imperceptible when received along with other sounds.

One particularly successful utilization of the psychoacoustic masking effect is
described in U.S. Patents No. 5,450,490 and No. 5,764,763 (Jensen et al.) in which
information is represented by a multiple-frequency code signal which is incorporated
into an audio signal based upon the masking ability of the audio signal. The encoded

20  audio signal is suitable for broadcast transmission and reception as well as for
recording and reproduction. When received the audio signal is then processed to
detect the presence of the multiple-frequency code signal. Sometimes, only a portion
of the multipie-frequency code signal, e.g., a number of single frequency code
components, inserted into the original audio signal are detected in the received audio

25  signal. If a sufficient quantity of code components is detected, the information signal

itself may be recovered.
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t he affecte portion
retransmission of the encoded audio signal, the affected portion of the encoded audio

may be wholly unrecoverable, while in other instances alterations to the encoded

20  audio signal may render the embedded information signal undetectable. In many
applications, such as radio and television broadcasting, real-time retransmission of
encoded audio signals is simply unfeasible.

In systems for acoustically reproducing audio signals recorded on media, a
variety of factors may cause burst errors in the reproduced acoustic signal.

25  Commonly, an irregularity in the recording media, caused by damage, obstruction, or
wear, results in certain portions of recorded audio signals being unreproducable or
significantly altered upon reproduction. Also, misalignment of or interference with
the recording or reproducing mechanism relative to the recording medium can cause
burst-type errors during an acoustic reproduction of recorded audio signals. Further,

30  the acoustic limitations of a speaker as well as the acoustic characteristics of the

listening environment may result in spatial irregularities in the distribution of acoustic
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undetectable. In many applications, such as radio and tel evision
broadcasting, real-tinme retransm ssion of encoded audio signals is sinply
unfeasible. In systens for acoustically reproducing audi o signals recorded
on nedia, a variety of factors may casyise burst errors in the reproduced
acoustic signal. 25 Commonly, an irregularity in the recordi ng nedia,
caused by danmage,,L qbstruyction, or wear, results in certain portions of
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signals. Further, 30 OBJEGTESAND SUMMARItOBDFHFINVENTIOMNer as wel |l as the
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spatial irregul arji tig)? in the distribution of acoustic 26 Novenber 2003 3
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syst ens and perddiatiow sigel leketent bag: sothe synbol s in audi o signals which
all eviate the problens caused by periods of |ow signal |evels and burst
errors. It is andtipatotsppliedt obthe fnyention epreyidhsuclasysicey pakmetieds systens and

nmet hods V\hiwch[i]chaafffoo rgliarbﬁeloi grtg{ign oper Lfi:rspenc under adverse conditions. It is a
further objec mf tHe P VeRt I on 16 provi de such systens and net hods which

are robust. | n agCeokdaheCondct &F the il dnSbn RTRGSde s0éh syRtemPiRTRMods NVent i on,
there is provided a systemfor decoding a predeterm ned nessage synbol of

a plurality véichmessbgge  synbol s enbedded in an audio signal conprising
A AR W W T T M R S AR S M
when the augi@es i Qadoding a bRELAIHERInALTE Bintbol MG IRAMY 8t fntdadf  Message
synbol s being contained within a predeterm ned nessage as a plurality of
code synbol symbdieerpreddielie pnrnacsigmesagesisy nmbals fioetwiyingeprnedenpad by fir st
and in which a plurality of message symbols have been incorporated so that the message

symbols are inandible when the audio signal is reproduced audibly, the plurality of

message symbols being contained within a predetermined message as a plurality of

code symbols, the predetermined message symbol being represented by first and

second code symbols incorporated in and displaced in time in the audio with at least

one code symbol representing a different one of the message symbols being

incorporated in the audio signal and positioned in time between the first and second

code symbols, means for accumulating a first signal value of the first code symbol

representing the predetermined message symbol and a second signal value of the

second code symbol representing the predetermined message symbol; and means for

examining the accumulated first and second signal values to detect the predetermined

message symbol represented by the first and second code symbols.

In accordance with a second aspect of the present invention, there is provided a
method for decoding a predetermined message symbol of a plurality of message

symbols incorporated in an audio signal, comprising: receiving an audio signal in

which a plurality of message symbols have been incorporated so that the message

S-S
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second code-synbols incorporated in and displaced in time in the audio with
at | east one code synbol representlng a different ongspmv&ﬂ@rnmgsage
synbol s being incorporated in the audio signal and positioned in tine
between the first and second code synbols, nmeans for accunulating a first
signal value of the first code synbol representing the predeterm ned
nmessage synbol and a second signal valsge of the second code synbol
representing the predeternined nessage synbol ; and neans for exam ning the

accurnul ated first and ues to t th .edet erm ned
roosage. synBoT BeeRRE Ty Tt ks e SR Sed ook oe s [

accor dance %&J&g@syﬁ%@glﬁgné&ﬂﬁﬁﬁed%ﬁ rdeRRRAEd ans‘éé‘gEta's QPLurthﬂ%fe i's provided
a nethod for decoding a predeterm ned nessage synbol a plurality of

nessage sy i symbols shqyoedateedinedimessageisginion] beiggedpresatmipyifisitagd  recei ving an
audio signal in, which a plurality of nmessage. synmhols_have been
i ncor por at eae%d fqﬁiaﬁmh?és ipererosges D andGirlsrse i e thegudio figBalithk i naudi bl e

when the audi.g gignals §oi£ Js%ﬂgﬁﬁl Heli BleYor o l?&ss% é% bblsheidh ~MESsage
e as a plu

synbol s belng cont ai ne a pre eternlne rality of

code synbol sncotpbﬁtqamedlemﬁmlgmamxﬁge:dsymﬁebetbeann@: firspmeseoied by first
and second code synbols incorporated in and displaced in time in the audio
signal wth cacie Sﬂﬂb@lé‘;tac%ﬁéﬂ%léﬂéﬁww Vafl@mfé}s?ef'ﬁ'étlcﬁfée grolplfreEessptingone of t he

nmessage Sy |ncorpor ed in nal and .positioned in
(oot be  vool Retfiies BASRERRTAN S Rebali B B AR RepBlBaBOS 11 000

si gnal val U%‘yr%ol} Eesbriing the %@teﬁﬁdﬂgﬂQﬁesEa%QEﬁ%mah@&(mﬁrhﬁgﬂ%edet erm ned
nmessage synbol a secon si gnal val ue of t he second code synmbo

representi ngcquhalamdé"ni@taed serordcigmelss higetosiyteti dhe predetraxedunessig t he
accumul at ed flrﬁt and second signal values to detect the predeterm ned
message syﬁﬂB In accordance with a third aspect of the invention, there

is provided a sysf E‘débrdﬁ&(e ufi‘tﬁ%‘?ﬂf&‘a@p&t HRIBLGHD, RRM FBRIA8E. SHERO! Of_ a
plurality of nessage synmb incorporated I n an audio signal, conprising:

an i nput devéorclecddor aamechmdmnedsmgpaaagje syrbol wha plhraktyplf tesshgd symbbls nessage
synbol s have been incorporated so that the nessage synbols are inaudible
when t he audicPeragidan 2t @idiosignald RIBRTISRERENRR devics Toy f%}raath gigndfin  nessage

synmbol s _bei %c%%}ﬁ%%lggg{%@sgbnggﬁb&sr ﬁ@@ﬂeeer ! nglg;ﬁragﬁ%éﬁﬁﬁhé‘ﬁle%a jurality of

code synbol s nessage g represe it ed by first
and symbols are inaudible when the audio signal is reproduced audibly, the plurality of

message symbols being contained within a predetermined message as a plurality of
code symbols, the predetermined message symbol being represented by first and
second code symbols incorporated in and displaced in time in the audio signal with at
least one code symbol representing a different one of the message symbols being
incorporated in the audio signal and positioned in time between the first and second
code symbols; and a digital processor in communication with the input device to
receive the audio signal therefrom, the digital processor being programmed to
accumulate a first signal value representing the first code symbol and a second signal
value representing the second code symbol, the digital processor being further
programmed to examine the accumuiated first and second signal values to detect the

predetermined message symbol.



second code synbols incorporated in and displaced in tinme in the audio
signal with at |east one code synbol representing a different one of the
message synbols being incorporated in the audi o signab NReémpasigozoned in
time between the first and second code synbols; and a digital processor in
communi cat i Qg ¥irAabhet Ne i nput device to receive the audio,si ,@ﬁ@‘m&perefrom
the digital processor being programmed to accunul ate a 2k sighal val ue
representing the first code synbol and4a second signal value representing
t he second code synbol, the digital processor being further progranned to
exam ne the accuuméeatamnfbbalﬁtent@rtﬁe S8CARAAenE Bighal YALLSSe IRuHBLREby t he
predeterm ned nessage synbol . 26 November 2003 WD 00/ 72309 PCTIQ§00/14057 4
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reference will e In explainin
embodiments when read in conjunctlon thh the accompanying drawings in which the

same components are identified by the same reference numerals.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a functional block diagram of an encoding apparatus;
20 Figure 2 is a table to which reference will be made in explaining a
methodology for encoding information in an audio signal;
Figures 3A, 3B, and 3C are schematic diagrams which illustrate an audio
signal encoding methodology;
Figure 4 is another table to which reference will be made in explaining a
25  methodology for encoding information in an audio signal;
Figure 5 is a block diagram illustrating a multiple-stage audio signal encoding
systern;
Figure 6 is a functional block diagram of a personal portable meter;
Figure 7 is a functional block diagram illustrating a decoding apparatus;
30 Figure 8 is a flowchart illustrating a methodology for refrieving an information

code from an encoded audio signal;



met hodol ogy for encoding information in an audio signal; Figures 3A, 3B,
and 3C are schematic diagrans which illustrate an audio signal encoding
nmet hodol ogy; Figure 4 is another table to which refer2hdevembdér 2063 made in
explaining a 25 nethodol ogy for encoding information in an audi o signal;
Figure 5 is,3btagk diagramillustrating a multiple-st ags, %ge"n%&ggnal
encodi ng systent Figure 6 is a functional block diagram of "a personal
portable neter; Figure 7 is a functional block diagramillustrating a
decodi ng apparatus; 30 Figure 8 is a flowhart illustrating a nmethodol ogy
for retrieving angirBb MRhéRRic & bf Dificallr SNRBULE Rsh Qars}if&t; 26
Novenber 2003 V\D%0/72309 PCTI US 14057 5 Figure 9 is a schematic diagram
of a circul B¢ mstiRdploey ekFigwed i n carrying out the nethodol ogy of Figure 8;
Figure 10 is a fligwe ¢Oa 4 ndv tHadtindirhft APAENREh ORI ?&'r&gk{vi;fé%in retrieving
an information code froman encoded audi o signal. DETAI L DESCRI PTI ON
OF CERTAI N mfsyamtrorceedeomanmopdprmiy s&elpr esent i nvention relates to the
use of especially robust encoding which converts information into
redundang sequenguEsT ILEDMESERIPTION OMCERTIAANAD RANTAIGIEMUS, each code
synbol is represented by a set oEmMBODEVIENTS predeterm ned 10

si ngl e-frequency_code si.gnal.s; however, 1n other enbodi nents different code
synbol s may opt §PEFsER lg‘ffg}l‘én{‘?g}eﬁé‘? ©&p IeéneF‘ra@ﬁ[Pgﬁﬁﬁn%H@“g’i‘ﬁ'nal s or may

be provi dedcéweds i_nmhmdﬂht@giyduﬁbd:ﬁ'h bengﬁss FRbdASHIYR. m&:{ﬁaﬁe;gi Ined_ f requency
conponents to_a_given synbol. e redundant se ce of synbols is

i ncor por at eﬂmp?ﬁ"b‘e‘itﬁéaﬁ\%ggs 't@lﬁlrgpr?sﬁme‘gg%ﬂ%Qgéﬁnﬁﬁﬁfeﬁregﬁ edi gnal s t hat
are unnabi ceilgldfrehiidic) tsde@ablsiHbwetayRiebiEbEinéntd @FavRTald Smbblke _
redundant code se;qrrb | sequence,is especially,sujted for incorporation into
audi o si gnaf¥YiR8 I‘ﬁﬁy FRotG GFHeRS eé%‘iﬂﬁ%‘l%ﬁ?dessﬁ%’ﬁlsé&méﬂﬁ?6m§lﬁ% % havi ng

many | SW apdRktictitidey WRikh &3 hoOdssiph Brelidtkhineddrbglidnef abhponeMbI B divigor por at ed
I nto audi o

symbol. The redundant sequence of symbols is incorporated into the audio signals to
produce enceded audio signals that are unnoticed by the listener but nevertheless
15 recoverable.

The redundant code symbol sequence is especially suited for incorporation
into audio signals having low masking capacity, such as audio signals having many
low amplitude portions or the like. Additionally, when incorporated into audio
signals, the redundant sequence of code symbols resists degradation by burst errors

20  which affect temporally contiguous audio signals. As described hereinabove, such
errors may be the result of imperfect audio signal recording, reproduction, and/or
storage processes, transmission of the audio signals through a lossy and/or noisy
channel, irregularities in an acoustic environment, or the like.

To recover the encoded information in certain advantageous embodiments, the

25  encoded audio signals are examined in an attempt to detect the presence of
predetermined single-frequency code components. During the encoding process,
some single-frequency code components may not have been incorporated into the
audio signals in certain signal intervals due to insufficient masking capacity in the
audio signals in these intervals. Burst errors which have corrupted portions of the

30 encoded audio signals can result in the deletion of certain code signals from the
encoded audio signals or in the insertion of erroneous signals, such as noise, into the

encoded audio signals. Thus, examination of the encoded andio signals is likely to
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The symbol generation function 12, when employed, translates an information
signal into a set of code symbols. This function may be carried out with the use of a
20  memory device, such as a semiconductor EPROM of the computer system, which is
prestored with a table of code symbols suitable for indexing with respect to an
information signal. An example of a table for translating an information signal into a
code symbol for certain applications is shown in Figure 2. The table may be stored on
a hard drive or other suitable storage device of the computer system. The symbol
25  generation function may also be carried out by one or more discrete components, such
as an EPROM and associated control devices, by a logic array, by an application
specific integrated circuit, or any other suitable device or combination of devices.
The symbol generation function may also be implemented by one or more devices
which also implement one or more of the remaining functions illustrated in Figure 1.
30 The symbol sequence generating function 14 formats the symbols produced by
the symbol generating function (or input directly to the encoder 10) into a redundant

sequence of code or information symbols. As part of the formatting process, in
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certain advantageous embodiments the symbol encoding function is performed by

means of a memory device of the computer system, such as a semiconductor EPROM,
20  which is prestored with sets of single-frequency code signals that correspond to each
symbol. An example of a table of symbols and corresponding sets of single-
frequency code signals is shown in Figure 4.
Alternatively, the sets of code signals may be stored on a hard drive or other
suitable storage device of the computer system. The encoding function may also be
25  implemented by one or more discrete components, such as an EPROM and associated
control devices, by a logic array, by an application specific integrated circuit or any
other suitable device or combination of devices. The encoding function may also be
carried out by one or more devices which also implement one or more of the
remaining functions illustrated in Figure 1.
30 In the altemnative, the encoded sequence may be generated directly from the

information signal, without implementing the separate functions 12, 14, and 16.
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to have a grA%ﬁérgtrus DRSiLAGKs for Including Codes in Audio Signals and Decoding, which
are incorporated herein by reference in their entirety.

In certain embodiments, the function 18 applies the adjustment parameters to

20  the single-frequency code signals to produce adjusted single-frequency code signals.
The adjusted code signals are included in the audio signal by the function 20.
Alternatively, the function 18 supplies the adjustment parameters along with the
single-frequency code signals for adjustment and inclusion in the audio signal by the
function 20, In still other embodiments, the function 18 is combined with one or

25  more of the functions 12, 14, and 16 to produce magnitude-adjusted single-frequency
code signals directly.

In certain embodiments, the acoustic masking effect evaluation/adjustment
function 18 is implemented in a processing device, such as a microprocessor system
which may also implement one or more of the additional functions illustrated in

30  Figure 1. The function 18 may also be carried out by a dedicated device, such as an
application specific integrated circuit or a logic array, or by a plurality of discrete

components, or a combination of the foregoing.



capacity, such capacity may be utilized through the generation of
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an i nput from acoustic
implemented by a single processor, and in still others a single processor carries out all

of the functions illustrated in Figure 1. Moreover, two or more of the functions 12,
14, 16 and 18 may be impiemented by means of a single table maintained in an
appropriate storage device,

20 Figure 2 illustrates an exemplary translation table for converting an
iformation signal into a code symbol. As shown, an information signal may
comprise information regarding the content of, the characteristics of, or other
considerations relating to a particular audio signal. For example, it is contemplated
that an audio signal could be modified to include an inaudible indication that

25  copyright is claimed in the audio program. Correspondingly, a symbol, such as S;,
may be utilized to indicate that copyright is claimed in the particular work. Similarly,
an author may be identified with a unique symbol S; or a broadcasting station
identified with a unique symbol S;. Further, a particular date could be represented by
a symbol S4. Of course many other types of information could be included in an

30  information signal and translated into a symbol. For example, information such as
addresses, commands, encryption keys, etc., may be encoded in such symbols.

Alternatively, sets or sequences of symbols, in addition to or instead of individual
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followed by the four input data symbols, followed by three repeating message

segments each comprised of a sequence or marker symbol, Sg, and the four input

symbols. For many applications, this core unit alone is sufficiently redundant to

20  provide the required level of survivability. Alternatively, this core unit may itself be
repeated to increase survivability. Moreover, the core unit may have more or less
than four message segments, as well as segments having more or less than four or five
symbols.

Generalizing from this example, an input set of N symbols, S1, Sz, S3,-.., SN-1

25 Sy, is represented by the redundant symbol sequence comprising Sa, S1, Sz, Ss,...Sn.1,
S, followed by (P-1) repeating segments comprising Sg, 81, Sz, S3,...88.1, Sn. Asin
the example, this core urit may itself be repeated to increase survivability. In
addition, the sequence of symbols in the message segments may be varied from
segment to segment so long as the decoder is arranged to recognize corresponding

30  symbols in the various segments. Moreover, different sequence or marker symbols

and combinations thereof may be employed, and the positions of the markers with



signal. 5 Figure 3Ais a schematic diagramillustrating a stream of synbols
whi ch m ght be generated by the synbol generating function 12 of Figure 1,
while Figures 3B and 3C are schematic diagrans ill uspealovargbsengences of
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14 of Figur ' esponse to the synbol stream of Figur F| gures
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unit and recognized according to their order therein. In addition, these core units may
themselves be repeated to increase survivability., Since the same information is
represented by multiple different symbols, the coding is made substantiaily more

20  robust. For example, the structure of an audio signal can mimic the frequency
component of one of the data symbols Sy, but the likelihood that the audio signal will
also mimic its corresponding offset Squ+ 5y mod M 2t its predetermined occurrence is very
much lower. Also, since the offset is the same for all symbols within a given
segment, this information provides a further check on the validity of the detected

25  symbols within that segment. Consequently, the encoding format of Figure 3C
substantially reduces the likelihood of false detections induced by the structure of the
audio signal.

A particular strength of the redundant sequence exemplified in Figure 3 is its

utilization of the input symbols in their original order followed by (a) a different

30  arrangement of the input symbols, (b) an arrangement of symbols that includes other
symbols in place of one or more of the input symbols, with or without rearrangement

of input symbol order, or (c) an arrangement of symbols different from the input



can take the form S1, S2i ..., SA, ..., SNor the form S1, S2, ..., SN,
SA. Figure 3Cillustrates an exanpl e of an advantageous core unit of a
redundant synbol sequence representative of an input 28eloveibEOrpidat a
synbols, S1, S2, S3, and 5 S4. The core unit begins with a sequence or

mar ker synb@jg gopsape f Ol | owed by the four input data synmbq) s@ hhgwed by a
sequence or marker synbol, SB, followed by S(1+s) nod M g?gl E?

S(3+(5) mod M S(4+5) nod M Wiere M i3 the nunber of different synbols in
the avail abl e synbol set and where 8 is an offset having a value between 0

and M I n ambay anagaus (6ydad) i articugy eftus@incd upsn elect ed as a CRC
checksum In still 10 ot rét({svenbogl ments, %e val ue of the offset Sis

vari ed fronfIePHRS-18 orereedidivesiily 8 Englﬁcﬁra‘il"tefl@h‘é‘l e sigRedt 1aeh®sdi n t he nessage.

For exanpl eAsdubniid\Rat@lid ig@it s@EabbIyaE yncﬁa@moﬁednoely%onmni&gdlffrsﬁ@fcﬁ bf
information states can he encoded in the offset. Generalizing fromthis

exanpl e, an“qdFigRalseymBels it apRgsHIcats (Ypnd () wilkhe encodadiyith anotley grpup

repr esent edofsdé 4 dmdmad@rsbmsmmldo@saﬁu&reﬂsp ﬁ@m& BQA%&ateﬁ:l S2, S3.
SN-1, 15 SN, SB, ﬁrf(1+5) mad S(2+S) nod 3+5ﬁm d S(N-1+S) rmd
M S(N+5) R eTRAY tle ?%“alst‘ﬁ‘g gé%ﬁgélyllﬁ‘ﬁf%ﬁs?ﬁ&? ielitogd WE@@P&W@V two or
nor e di ff er gRtvigitOhaskil dapRits 3Me aRiSsightli t and recogni zed according to
their order therein. In addition, these core units may thenselves be
repeated to i ncr@%@’l%ﬁﬁﬁ}&vﬁﬂﬁﬁs‘ﬁﬁ% atj ex @By CORVEFRIOT] fAT DICAVRTCONF | S

repr esent edyfapke Rlg, effBt S masver bRkl seh&mém%b%ls@dgz substantially
nore 20 robust or exanpl e, the structure of an audio signal can mmic the
frequendy fpoe A IBP C@F@P@fdlﬁgﬁétsGémlfﬂq@%ﬂ%nwo%ﬂgﬂaisﬁes f2i-kel i hood t hat
the audi o srgnah W, e, WRbiE @ rBefthes 'tﬂe%d&:@lﬁz’ir?glﬂ mbn&tﬁggaﬁﬁcmaﬁéﬁﬁbé) mod M at
its predeterm ned occurrence is ver sincé the offset is
the sane foAlthpushdiasinglesireguenqysode sgw@ﬁn@@g%ﬁlmugwtsm fieavenaYt i on provi des
a further chggkofaRe uldf sl sHal % sohe bR AR SELBEh fréRes IR SHMddRI N that
segnent . Conseq(iuentl t he encodi ng format of Fi gure C “substantially
reduces t heSERaeefithis smbestiment| ase wibin dhe fraghency range 300 My tor 3580 Bebuict ure of t he
audi o sijgnalyay Be RACIAGY Lxﬂfffe?én'E ﬁEtﬂxEKbyqlfméehﬁx 5&%@&%@ ﬁﬂ‘s‘ﬁ@ﬁﬁwexe”p' I Tied
in Figure 3 is its wutilization of the ' nput ols In therr original

or der fol|oﬂ@aleﬁvquygpdaﬂgﬂ@wﬁrsw@ﬂmaﬁ@éwé%/ﬂqu@fcyw@s;gmpm synbol s, (b)
an arrangemageaf, 1r§¥ﬂ@ﬁh§d Erﬂ@(;dnhaﬁlﬂ‘f@’ﬁl?gl@h@(ﬁfencys%qp@igﬁaﬁ dle pdn?pﬁ&el fone or
more of the input synbols, with or wthout fearrangere I npat synbol
order, or (&yn- aYFﬂaPl?l%d\éPFéﬂYefsdf 1s 3gtrsesssary|ihpf Al symbolks rberﬁprelﬁ@!ltfrdrh)'dhe 26

Novenber 20@3ne number of frequency components.

20 Figure S illustrates a multiple-stage audio signal encoding system 50. This
system implements multiple audio signal encoders to successively encode an audio
signal 52 as it travels along a typical audio signal distribution network. At each stage
of distribution, the audio signal is successively encoded with an information signal
pertinent to the particular stage. Preferably, the successive encodings of the

25 respective information signals do not produce code signals that overlap in frequency.
Nevertheless, due to the robust nature of the encoding methodology, partial overlap
among the frequency components of the respective encoded information signals is
tolerable. System 50 includes a recording facility 54; a broadcaster 66; a relay station
76, audio signal encoders 58, 70, and 80; an audio signal recorder 62; a listener

30 facility 86; and an audio signal decoder 88.

Recording facility 54 includes apparatus for receiving and encoding audio

| signals and recording encoded audio signals upon a storage medium. Specifically,



WO 00/ 72309 PCT/ US00114057 12 synbols. Arrangenments (b) and (c) are
particul arly robust since, upon synbol encoding, an increased diversity of
si ngl e-frequency code signals is achieved. Assum ng phaovehBerd20pat synbol s
are encoded collectively fromanong a first group of code signals, synbols
in arrangengfy sotdy and (c) will be encoded with another 90,14§s7of code
signal s which to some extent does not overlap the first group. A greater
diversity of code signals will generahiy increase the |ikelihood that sone
code signals are within the masking capacity of the audio signal. The

tabl e of Fi giliey 54 ihd1hdés bidhé agnaaand%&@rrsslaﬂ& Hudi®OMRN fced @ Addpequence or
mar ker synbal ,  SA  a sequence or. mar ker nbol, SB, and N data synbols S, ,

Sz, 10 53, Signal e@RP% 8 SeIVETANRUdisrSiERalE 2r?§d§é?°§rdéb‘?g ipfosng#ipnesignalequency

code si gnal 56 fidencdddXaudfod al 52 with Mfdrmlatfon %%QSISG/VBEEﬁu& dtdgseaces the
i dentifying subscn&i of t artlcul ar s

t he
si ngl e- f r eq#hiR-gEb “%‘id&h%{ fFﬁS‘/S%EEMPe?‘HF‘EfGQHbEW ‘toﬁéengﬁ@chﬁ%ﬁ@y range of

the audi® sponalo s lesﬁc@a§9ﬁﬁcr6ﬂ{oﬁ8tana bath<Br Rpoindif SQLEAGERNGE, the
code signals of ﬁl s. enbodi mrent _are V\nﬂ%hhl n t%eﬂx%r‘e&u%ﬁcy raa#gle 500 Hz to

5500 Hz but SigEs.aYthe ke dieserding infermatign sigasl af preferehlyiegeristange. | n one
embodi nent , ki Sedinkhudh AL bl S9UBACK (G ABlBoFOBN SN B (ﬁgr e certain

si ngl e-frequency code signals; " however, in a pref erred embo t he

single-fr eq&@h%?“%%éog‘io@mgfé ‘oxthe liksnpitematively, resprdingdnfompasionsizsnalbr eover , it

i's not nece§§§,5ycgrgﬁfse§,;d)t¥§é@mas be represented by the sane nunber of
frequencg conponent's ure 5 illustrates a multiple-stage audi o signal

encodi nd system%@ordﬂﬁ%lsa§9‘§@%‘rﬁnﬁmt@mﬁ@0¥ﬁ!ﬂ&@p¢®daﬂ!ﬂ9Gigsalgﬂhl encoder s
to successi ygl M@&s%%dmaﬁghesuﬁahq@ekdé@lbawthohé MBS bRaAGeAR YD) Cal

audi o signal distribution network. At each sta Istribution, the
audi o si gnafb-i Altgpativelysiudis| signalyeenders 64imal banmitﬁ:fi@ntpmbu ncoslegmadio perti nent

to the partignphiago xﬁiﬁ&%sh%tﬁéﬁ;@@k%buﬁ&eof%ﬁécr&%?@eh‘éﬁ)r&@%%Qla%g%1 gf the 25

respective informati‘on S|4gna s do not produce code signals { hat overlap in
frequency. CoERBEHeaten Hals64. (canmeniediion Hok bk extends b?tee@freqqn@n&faekhw ng

met hodoh 99y 54 RS trbAikasty 86 htPmayEiis % Qgrogécﬁg%ﬁge}glglb? mg‘g%{%g%k% the

respective encoded information signals is i ncl udes a
recordi ng f &éeor fivergptic eonpgeiori eadedke66; a relay station 76; audio signal

encoders 58, 70, 3angta80 6698 %%éﬁstﬁig@&ﬂhn {hgf:r%e%g ex@c%decﬁaudlossgﬁlgﬁr 30

facility 86; and an audio signal decoder
0, further encodes such signals 60 with a broadcaster information signal 68 to

produce a twice-encoded audio signal 72, and broadcasts the twice-encoded audio

20  signal 72 along a transmission path 74. Broadcaster 66 includes an audio signal
encoder 70 which receives encoded audio signal 60 from recording facility 54 and a
broadcaster information signal 68. Broadcaster information signal 68 may comprise
information regarding broadcaster 66, such as an identification code, or regarding the
broadcasting process, such as the time, date or characteristics of the broadcast, the

25  intended recipient(s) of the broadcast signal, or the like. Encoder 70 encodes encoded
audio signal 60 with information signal 68 to produce twice-encoded audio signal 72.
Transmission path 74 extends between broadcaster 66 and relay station 76 may
comprise a broadeast channel, a microwave link, a wire or fiber optic connection, or
the like.

30 Relay station 76 receives a twice-encoded audio signal 72 from broadcaster
66, further encodes that signal with a relay station information signal 78, and

transmits the thrice-encoded audio signal 82 to a listener facility 86 via a transmission



Recording facility 54 includes apparatus for receiving and encodi ng audi o
signal s and recordi ng encoded audi o signals upon a storage nedi um
Specifically, 26 Novenber 2003 WO 00/ 72309 PCT/ USOJY 15@5}%\,&%}3&%@5' ty 54

i ncl udes audi o signal encoder 58 and audi o signal recorder 62. Audio

si gnal encoger ecei ves an audio signal feed 52 and a_r

i nformati ong"gllogt;]{lr;]%J 56 and encodes audio signal 52 with |ﬁ?®%‘?&f"§}gn si gnal
56 to produce an encoded audio signaj, 60. Audio signal feed 52 may be
produced by any conventional source 5 of audio signals such as a

m cr ophone, , gl H3n 78 Enc AR AIUGHL LSRG QIELE FH Reeidds@RLS, O the
like. Recorcf@% fsqmatron néclrugn 51% %%erg% corrprll%geels 5% kormatl on
regardi ng aendd d@h@n&!@ﬁéé(ﬁ‘rombrommréé and %relaautStamrqu;maummt or

| i neage, : vely,
recording i nfor t ct)%hgﬁ&ﬁla?én%%&”g %%%’B{cggggﬁ%lﬁméﬂgﬁ?% 10 Recorder
62 is a corrglaisiabemyo.dechias an idontificaliar apidegr emgedihgdhenrdiess @ﬁrgmahg 60 upon a

t
2L orage 4TeChiB RN AUALERL Sk A SHARME, A 0 LIRS
entirely. Elft:@lpwetﬂS)axﬁme@elaﬁdgmadtlsorG& Inkwy Elneoddr mctmtseuhcwxacoatdst ri buti on of

t he recorde t . nmuni cat i on
link 64 ext%ﬁ?g&%ﬂ?ﬁ%ﬁﬂ% %[atsﬁlrllgif i {%/4 H?%fp (Liét@lﬁ%céélggs er 66 and nmay
conprise a mdomilgrakSZ cﬁmn@dslon@aﬂn%mmadsé:ehwaakrela station &6 emd fistdper optic
connecti on, a Ln ion that
recei ves enco?i‘g}dgbe | o§(§|°gf’ﬁﬁ%q‘%q%8§& &GA{.%& anéllr%lt‘:ogvag‘gﬁr?%cﬁ%sel&ﬁ{é 's 60 with a
br oadca$t eroptmfcomuomnr the Uik | O8®nally, rprsoiksios pahtS\stmwbelanmmmudl o signal
72, and br ogan%% Sl at% tw ce-encoded audio 20 signal 72 along a

transm ssi on pafsﬁ ?2*Br oadcaster 66 includes an audio si gnal encoder 70
whi ch receives etaateimdhcdinﬂS&)resetigssalhricG&ntqdedramm:sigmtﬂ B2 frbmctlhy $tytidnd and a
broadcast er nailk oa pion, si nal 68 may
conprise 42%; fgrlg({%tgélggrﬁ'en%é:% ﬁ‘hcaﬁ%r Sbadc cngg 2%6 goﬁ%t asergﬁh}lra%ntl fication
code, or reg:aembrmgy pdareewdmmd(sastaprtglugmmmémsj:o sipiedh 82sIftatudio bigna 82 dat e or
charactegistics ast. Lhe r L.ent of the
broadcag s}sérr?lé Ee&ast%l elcg%magnﬁﬁcso%"al %%neétrﬁ%:gg%gﬁgnco ey mléggl % si gnhal 60
with infor rrd&vﬁ@rfoxsacgmbalﬁr&eﬁrodlpmgdhm sigtaliforaheinmonddteacrd Howsvandil 72.

-Ir;ra?ns m ssi On <)a§1EnaY§2 1S § orerbduporl?a%t\é\%%g] meﬁl?u?‘ldf:s e':sr}elefac&l?y gg‘&efe%'bﬁry station 76

includes a device for reproducing signal 82 from the storage medium.
In other applications, such as music identification and commercial monitoring,
20  amonitoring facility is employed rather than listener 86. In such a monitoring
facility, the audio signal 82 preferably is processed to receive the encoded message
without acoustic reproduction.
Audio signal decoder 88 may receive thrice encoded audio signal 82 as an
audio signal or, optionally, as an acoustic signal. Decoder 88 decodes audio signal 82
25  torecover one or more of the information signals encoded thercin. Preferably, the
recovered information signal(s) are processed at listener facility 86 or recorded on a
storage medium for later processing. .
Alternatively, the recovered information signal(s) may be converted into
images for visual display to the listener.
30 In an alternate embodiment, recording facility 54 is omitted from system 50.
Audio signal feed 52, representing, for example, a live audio performance, is provided

directly to broadcaster 66 for encoding and broadcast. Accordingly, broadcaster



conpri se a broadcast channel, a mcrowave link, a wire or fiber optic
connection, or the like. 30 Relay station 76 receives a tw ce-encoded
audi o signal 72 from broadcaster 66, further encodes2d Natemmbhgnagz W th a
relay station information signal 78, and transmts the thrice-encoded

audi o signal 8 a listener facility 86 via a transm ssjion venber
2003 WO 00/ l?’?é’@ébg‘bw US00/ 14057 14 path 84. Relay stati o C?’é”?"ﬁ‘éil’\lgdes an

audi o signal encoder 80 which receiveg; twi ce- encoded audi o signal 72 from
broadcaster 66 and a relay station information signal 78. Relay station

informati Orln{%h{l&{ﬁ‘:h ERaIRJeGhA BMeY ORI ir¥63natibh fy'gmmg%dls 1¢ieqg relay

station 76, such as an identification code, or regarding tthe process of
rel ayi ng 5 ¥2neucheotitedprshit, gement, o3 ligprzaor theexisiengs of ¢apyeight otther act eri sti cs
of the reI? the intended recipient(s) of the relayed signal, or the

| i ke. Encoder 80 encodes twice-encoded audio signal 72 with reI ay station
i nformati on si gAapnoigr perpateerolasiment.relay etpfiandiéds omiitgd Homisgsem 582.

Transmi ssi o, %mm% Cp%%@é@%c@%{x)é@ﬁ&f‘mfdﬁ)l ﬁg@%ﬁif&,{em 16GisRRg gkivet ener

facility 86 a rise a broadcast annel, "a mcrowave link, a wire
or fiber 10tr@pmlsaonmthééwihwhlsmdlﬁﬁbtmekmd thwaflwml |As,2 furtkems i ssi on path 84

ey be an gagfé%gﬁﬁbecbothﬁrécﬁﬁﬂ?gﬁg%ﬁﬁrﬁ%ﬁrl sPaih 96 Ha?ﬁ%ﬂ_n&%éd%mr ecei ves

thrice-enc audi o signa om 't &l y station n audi ence estinmate
appl i cati onsystemixt ener facility 86 is |located where a human |istener may

. | 82 15
e Cransm (1 od 43 hm ARARALERbRARGY, FEkayd IR BT THRLD 567

preferably omitted trem sasterd&Q.i @Bllmy,mmu@nlcmnllyﬂ<|6é|msrmctli5¢d19 extomt signal for
the. humn | {34 ERSLa BYRKL sd ha 1ML 88 by ShOLAGugON 2 St or age

medi um |istener prefera eV| ce for reproducing
si gnal 82 fsigmal 6%@esbctwage.mefd!iablm allldm Saﬁnhbneccamylﬁﬂcfatprdgn@codsdmdlcas musi ¢
| dentifi Cat %Qﬂ ﬁp 'n*’i‘édnléﬁg%{cﬂﬁé tH& fte?Qon%e B B&édepﬂcﬁlﬁ%é ity is

an

enpl oyed ra ner n suc & nonitorin the audio
si gnal 82 pAebpticubl lypméuqnpmdesm listener sty 86 teh@dm&d@dcqmgaige wi t hout

acoust | gs' eRE RSS! DAl 03h WAk-ARRATS: AuIRYfeRelYe thr i ce encoded

audi o signa si gna opt| ona acoustic signal.
Decoder 88 decod"s'guraﬁqbi'qyid;s gmalau@k of a personal portable meter 40 for use in

audience estimate applications. The meter 90 includes a housing 92, illustrated in

phantom lines, having a size and shape permitting it to be carried on the person of an

audience member. For example, the housing may have the same size and shape as a
20  pager unit.

A microphone 93 is within the housing 92 and serves as an acoustic transducer
to transduce received acoustic energy, including encoded audio signals, to analog
electrical signals. The analog signals are converted to digital by an analog to digital
converter and the digital signals are then supplied to a digital signal processor (DSP)

25  95. The DSP 95 implements a decoder in accorda;nce with the present invention in
order to detect the presence of predetermined codes in the audio energy received by
the microphone 93 indicating that the person carrying the personal portable meter 90
has been exposed to a broadcast of a certain station or channel. If so, the DSP 95
stores a signal representing such detection in its internal memory along with an
30  associated time signal.
The meter 90 also includes a data transmitter/receiver, such as an infrared

transmitter/receiver 97 coupled with the DSP 95. The transmitier/receiver 97 enables



25 to recover one or nore of the information signals encoded.therein.
Preferably, the recovered information signal(s) are processed at |istener
facility 86 or recorded on a storage medi um for | atepsploebsi 2093

Al ternatively, the recovered information signal (s) may be converted into

i mages for wgidatsesli splay to the listener. 30 In an alteppafe qoodi ment,
recording facility 54 is omtted fromsystem 50. Audio si gna? eed 52,

representing, for exanple, a |live audie performance, is provided directly
to broadcaster 66 for encodi ng and broadcast. Accordingly, broadcaster 26
Novenber 2GB3DSYIDEY pra3d0itsRiaT th/a@atiligd 8 probbssing fsadb®ta fim mulipR! 68 may
further conprise.information regarding aydio signal feed 5 such as its
aut hor shi p, %%‘ﬁ?%tﬁp,r°‘i}\9ef“fﬁeé‘8§8€%"8es’t"ﬁé@’eﬁﬁf?ﬂ@ﬁ & Ipyructans mddsa. or t he
like. |In arfoi bampk| boaenmtite MO P Emying@ubyndw Aldicate lveys omitted from
system 50. 5 Bﬁjoagchaster 66 praovi des. tw ce-encoded audi o signal 72
directly to |istER¥IErSIBarrdapsesyithgedain givaglagepuy smpprimpnts of thyRieserled t o

ext end tsherighmtivess illisated Syht hektioral BledknRdgran of 11960 77 @aQndb s@nfiaci 1ty 54
and rel ay station 76 may be om,tt%g from system 50. In another alternate
embodi ment , VIBHYAREEPded @s deseribed hetemaboyevath amduralits of aqge symbaleis from syst em

50. Opt i onakdeywed a4 Q0.1 THE rbéoiMed Gddib Sighad dal b8 6 biRd@X! Bishet BEt Ween
recording faciljty 54 and |istener facility 86 _and to carry encoded audio

signal 60 t g torarnicatsdsigiak BT 3 repradesied siepyn dimavdegrdirest cepledsor ds

encoded audin@coEtigalcodled ORI Froth WMABRovARE HettRipMoh GiednfiediBR WARKEr Cconveyed
to listener facility optional. reProductlon device at |istener

86. An _
facilitll sEcruvrapynegdevings iyt Prstiated thatthe degeder 10D isprpable oft or age medi um

for decodi nBteafiel ket QAT RIRIRE AGAEE Blhe foth A4 ii8c1GRhQYLERS. an exanpl e of
a personal portable neter 40 for use in _ audience estimte applications.

The nmeter 90 i néPUFERVE g Siengs gpthe fimp demainthydqepder pPQNsfors nes, having a

size and shagesigeldh te Rgudncy BOmAR by Mehnseft 2 Bihchifie1 e 1RO Aurfiorfde audi ence
nmenber. For ex t he housi.ng may have the sane size and shape as a 20

anpl. e, L . .
pager unit .Pfﬁe’i‘ﬂ’ng’r‘%%@ﬁée@y 3 dizifgl processerimplepigatingg fog Fawrier sepsiesm as an
acoust iy t r@FSPIGSEgh a direct cosine transform, a chirp transform or a Winograd transform

algorithm (WFTA) may be employed in the alternative. Any other
time-to-frequency-domain transformation function providing the necessary resolution
may be employed in place of these. It will be appreciated that in certain
implementations, the function 106 may also be carried out by analog or digital filters,

20 by an application specific integrated circuit, or any other suitable device or
combination of devices. The function 106 may also be implemented by one or more
devices which also implement one or more of the remaining functions illustrated in
Figure 7.

The frequency domain-converted audio signals are processed in a symbol

25  values derivation function 110, to preduce a stream of symbol values for each code
symbol included in the received audio signal. The produced symbol values may
represent, for example, signal energy, power, sound pressure level, amplitude, efc.,
measured instantaneously or over a period of time, on an absolute or relative scale,
and may be expressed as a single value or as multiple values. Where the symbols are

30 encoded as groups of single frequency components each having a predetermined
frequency, the symbol values preferably represent either single frequency component

values or one or more values based on single frequency component values.



to transduce recei ved acoustic energy,-including encoded audio signals, to
anal og electrical signals. The anal og signals are converted to digital by
an analog to digital converter and the digital signapPsNavembdreosupplied
to a digital signal processor (DSP) 25 95. The DSP 95 inpl enents a decoder
in accordane® dbi7adge t he present invention in order to detpgiyshdi@es’ €sence
of predeterm ned codes in the audi o energy received by the m crophone 93

i ndicating that the person carrying tile personal portable neter 90 has
been exposed to a broadcast of a certain station or channel. If so, the DSP
95 stores a si @‘haﬁmct'eanlé@maybmgprﬂ'mbtbutﬂghé@thlcpnodessof sechiaabdigal menory

along with an 30 asso The te Iso i ncl udes a data
transmitter/s é?c\?sesrorﬁj&é‘ﬁgg}é a%\ﬁanl%ﬁ%uﬂ ame%raﬁ%“ﬁ? rar cél?ver 97 coupl ed
with the DSEhcﬁan M&cﬁexaltﬁ)sniibWevdrtb@ﬁmmmn 197 nep alsb bscazbedvaw byrrer 2003 WO

br ocessi ng RN BReRI s o RepS ggbBe st it Fedme e
esti mat &s, odﬂe\\dmsJanﬂmayd)e[rﬁqﬂehemedlbysippamtﬁlsmfmﬂdthdaica)swﬁlﬂf exarrpl e, to
set up t he .met er for.carryi.n udi ence survey. Decoders in
accordance Wteﬂleﬂt ?ra?f’ﬁmé{ﬁ\f&%fl % ggré %ﬁ%‘%ﬂ @ents of the present 5

i nvention are i IThestdamtofeyniyol bhmsfpwmbtdmahe hineioa 1d0 agraecongflatéd gure 7. An
audi o si gnal [ be encoded as descr,i R%d heroe[\knabove wth a

whi ch %
plurality SV BRI A) A PRIatg sLorage 4i°E 872 Hmug ?’ﬁ’ﬂﬂ‘? oS, aspdicpted of ved audi o
si gnal nay Hyahafubttisad¢a sk, paitivhiar, dRtfutdtion 01 R hiraRgeRRaNEE@at ed signal, or a

o AR ety T e o b Ty e BBy <o o

acconpanyi ngméslamstuag for tHetvmwslpo@mla@pmm Fbekainpr] if b BReflegadeis 100 is
capable of detecting cod %@gdtg é}on tQ t hose arranged in the formats
di scl osed HEPEISIADETE vyt sqegnds; e msing 1d 6 Say feTve 19 sire A &g dommi n, the

decoder 10Gyinbainafues f5 a peridd of nYrradonds @>1 f)end ddaqe!he eoredaaRkslofyhe@BanNs of a
function 106. The function 10 rabl. erforned b a digital
processor i'RYSF SRRtV %BB%WF“E%?P%%FP@% ﬁ%fsﬁf pegl Y‘F@ﬂ’ #t hough a direct
cosi ne [y angktwhitite dve fimePinipi A thé ﬂgm-tcandmen@@cr adhd i@ iAndy al gorithm
(WFTA) nmay be eﬁl in.the alterpative.

time-to-frequen 3 Iﬂpt’%ﬁ@fzc‘i?"ﬁﬁ P‘b‘r]i’yfad]h% Yﬁrﬁceﬁ?o&\ﬂlﬁi?fd’]?% necessary

resol uti on which advantageously carries out some or ali of the other functions of decoder 100.
However, the function 110 may also be carried out using a memory device separate
from such a processor, or by an application specific integrated circuit, or by any other

20  suitable device or combination of devices, and may be implemented by apparatus
apart from the means which implements the remaining functions of the decoder 100.

The accumulated symbol values stored by the function 116 are then examined

by the function 120 to detect the presence of an encoded message and output the
detected message at an output 126. The function 120 can be carried out by matching

25  the stored accumulated values or a processed version of such values, against stored
patterns, whether by correlation or by another pattern matching technique. However,
the function 120 advantageously is carried out by examining peak accumulated
symbol values and their relative timing, to reconstruct their encoded message. This
function may be carried out after the first stream of symbol values has been stored by

30  the function 116 and/or after each subsequent stream has been added thereto, so that
the message is detected once the signal-to-noise ratios of the stored, accumulated

streams of symbol values reveal a valid message pattern.



may be enpl oyed in place of these. It will be appreciated that in certain

i npl ementations, the function 106 nay al so be carried out by anal og or
digital filters, 20 by an application specific integraésdvembefop3 or any
ot her suitable device or conbination of devices. The function 106 may al so
be i mpl emeniygehoRysepne or nore devices which al so inpl engrb QRF 46, nore of
the remaining functions illustrated in Figure 7. The frequency

domai n-converted audio signals are prmcessed in a synbol 25 val ues
derivation function 110, to produce a stream of synbol values for each code
synbol i ncl uded Figurd & arfﬁﬁaihm(ﬁaramdédaeﬁdcgming tolhire apv@egead synbol val ues

may represe for nal 0 oun ressure |l eve
anpl i t ude, 8d‘menh‘éf§€iﬁr'rlgﬂmi°ﬁ§? W%@&Yﬁ%“%&% c&)g%i gﬁmﬁ‘ﬁe‘%l me, on an
ablsol ult e 0rfof@bﬁdp§1&aﬁ6ﬁ|xﬁwhlcgblﬁ£é We@&ltﬁdﬁé@?&%eﬁ&dﬁxﬁlﬁl&@fﬁ}wm ueI or as
mul tiple val ues the s ol s. are 30. encoded as roups of single
frequency 318 ﬁ‘]g’{’ﬂa(ﬁtﬂ‘aﬁl&%‘ﬁ@l‘%{i IR Y PISTORnPRedas ip Fi t he synbol

val ues ¥ ef eRBINEnHVRLERERceEL her singl e frequency conponent val ues or
one or nore val ues based on single fre uency conggnent val ues. 26 Novenber

2003 WO 00/ 72309 npeagedes bt essis portiqHer Wﬂbﬁaatﬁ detgetipersedcarri ed out by a

di gi tal progessReachfWhichSnduddh 8bhudlity StipedlielerrRih &F B& ROy CHRBInenki ch
advant ageously carries out some or all of the other functions of decoder

100. Howev e¥&- HOMPORRS: Within pdrepusicyfange ofd 000 He 13008 diz. fis derensdpl i cati on

speci fic i nfpedfief19to Sdiéck Hidessad htthg I seid6d iNGstatedlth PigHRICCHhEin CONDI Nat i on
5 of devices, and may be inpl enented bﬁ apparatus apart fromthe neans

whi ch iQrpwéﬁ%ﬁtmtt%ccrl@ﬁﬁWWg/a% efrfae hefhsecond. In dhiyecapiary aopdinms st ream of

synbol val Ui@fsa@sfuﬁ@ﬂ%@ﬂ@?éyﬂlﬂﬂsét%ﬂﬁsﬁété%?hﬂtél@e%ﬂ)oﬁc%ﬂiﬁge@n over time in an
appropriate storage _device on a sy basi s, as indicated by

t he functi oifedetegmined frﬁatrep%wne%eowm%ﬁs sherpdvathagy alhessyEwel for use

in 10 decodiffige @mﬂ&d ﬁwbpéa‘i)pmeiafehtﬁaem@ﬁgua@gaéedaeq%laweadhywerI odi cal l'y
accumul ating ynbol values for the various possible synbols. For exanpl e,

if a given @%ﬁ%#t°|d§tecfék$§@em@ambaw%@aﬁ Sw%dlkfegee&wmrs afhe function 116

nmay serys t&rrgﬁ)ﬁ’érﬁs iffetdnP AMRI seqisridBioha xﬁhmaulfa%nsaasmnlagqoﬁﬁodeﬁisseconds
(nil), and add to the stored values of one or nore symbol value streans of

nX seconds unetd isdiffesent fipgnengydirdsymbol val ues

In order to separate the various components, the DSP repeatedly carries out
FFT's on audio signal samples falling within successive, predetermined intervals.
The intervals may overlap, although this is not required. In an exemplary

20 embodiment, ten overlapping FFT’s are carried out during each second of decoder
operation. Accordingly, the energy of each symbol period falls within five FFT
periods. The FFT’s may be windowed, although this may be omitted in order to
simplify the decoder. The samples are stored and, when a sufficient number are thus
available, a new FFT is performed, as indicated by steps 134 and 138.

25 In this embodiment, the frequency component values are produced on a
relative basis. That is, each component value is represented as a signal-to-noise ratio
{SNR), produced as follows. The energy within each frequency bin of the FFT in
which a frequency component of any symbol can fall provides the numerator of each
corresponding SNR. Its denominator is determined as an average of adjacent bin

30  values. For example, the average of seven of the eight surrounding bin energy values
may be used, the largest value of the eight being ignored in order to avoid the

influence of a possible large bin energy value which could result, for example, from



15 accunul ate over time, inproving the signal-to-noise ratio of the stored
val ues. The function 116 nay be carried out by a digital processor, such
as a DSP, which advantageously carries out sonme or ap$ Nekethbe 200her
functions of decoder 100. However, the function 110 may al so be carried
out using awiiRiye devi ce separate fromsuch a processOlperRisodiMosdN
application specific integrated circuit, or by any other P%' sui tabl e device
or conbination of devices, and may beld npl enented by apparatus apart from
t he means which inplenents the remaining functions of the decoder 100. The
accunul at ecansydib @lgnyabmpenest i tiechelyyibéheod df et dodd frdghendrcompbgdit. exam ned by
the functiop 120 tg@ﬁg&fct t he rese%?s of an_egcoded nmessage Z.nd out put

the det ect’@li*#e8 £ RGN ¥ Pt COPSE SOARBCAF (HEE Pl CPBPER P o

carried out
by mat chi ngxadble} die (Shdiseal an aadidtiad empoabithe SNRAs fpaspeiarBdinvieidsi on of

such val ues, agai hst sta patterns, whether by correlatigon or by anot her
pattern natIBﬁ}?‘g‘@mQ@érﬂ?ﬁt’dfjg.gRFﬁ Jhae ﬁgnﬂﬁﬂg’[%gyﬁ%‘?@ &&bfgﬁ‘i‘?“égeousl yis
carri ed DputmPmexaginginagbpsdctadccunul at ed synbol values and their relative
timng, to reconstruct thelr encoded nessage. This fupction npy be carried
out afier the fiMEnaER earhgi COYEPaR n%?seaﬁb%ﬂlbgk%@&*amsgg%o the
function 1llfresaficlirecordbihed toFeradsyibaPSIIRIS MhidhidieAthe aia dREAr A4@eH t hereto, so
that the nessage is detected once the signal-to-noise ratios of the

F

stored, accimuPafEdes iuhiatedin sigp 143 andatlusiraled, sebematirally inFigue P glpssage
pattern. 26cchiomemBedimeisIndieh SNR)S/ fdr?a38PenREhbbSEX ik R dackBalttoggi € 8 1S a

flow chart for a decoder according to one advantageous enbodinent of the
i nventi Bh i prereneieambininghn sNBs meybepmpleyedy 130 is provided for those

appl i cations in ahdibatdd s BAGEIaHe SMHoPSIR B8 cabibof BERIeWRAyinBolgdAal 0g form
for exanple, where it has been picked up by a mcrophone (as_in Figure 6 5
embodi ment ) Bard & auestpred & the symbph SNEdw SEArats SIRICE- Pue syEPel cul arly wel |

adapt ed f or SR @ ChHNEFTCRES) FBYEDALS: iR ¢ded brothiéddhn HRGh pees Avdbdehal ity of
pr edet ermi ned frequency com[%onents, n conponents, within a

e.g. te
frequency rSifrgeinghe el RDR pyttgory %E’!“?@I‘IKSS afompiisd Witldlsei fical ly to

detect @5 MEGEAGRI AN CasTRSHBRLR:dW.| Ustrated in Figure 3C wherein 10
each synbol occupies an interval of gne half-second. In this exenplary

embodi ment, it Whendbetymdg! $HROutferds Blforh tis 18 detetedhiaiasics 166 Ingertyid synbol s,

each havi Ndadveftageous embodiments, the stored SNR’s are adjusted to reduce the influence of
noise in a step 152, although this step is optional in many applications. In this
optional step, a noise value is obtained for each symbol {row) in the buffer by
20  obtaining the average of all stored symbol SNR’s in the respective row each time the
buffer is filled. Then, to compensate for the effects of noise, this average or “noise”
value is subtracted from each of the stored symbol SNR values in the corresponding
row. In this manner, a "symbol” appearing only briefly, and thus not a valid
detection, is averaged out over time. Referring also to Figure 3C, in order to avoid
25  inflating the noise value at the decoder, preferably the encoding scheme is constrained
so that the same symbol does not appear twice in the first half of the message (i.e.,
within symbol sequence Sa, S, Sz, 83, S4).
After the symbol SNR’s have been adjusted by subtracting the noise level, the
decoder attempts to recover the message by examining the pattern of maximum SNR
30  values in the buffer in a step 156. In certain embodiments, the maximum SNR values
for each symbol are located in a process of successively combining groups of five

adjacent SNR’s, by weighting the values in the sequence in proportion to the



predet erm ned frequency conponents, none of which is shared with any ot her
synbol of the synbol set. It will be appreciated that the Figure 8 decoder
may readily be nodified to detect different nunbers @b Noodmben2808! s,

di fferent nunbers of 15 conponents, different synbol sequences and synbol
durations, a®Oowt2B9as conponents arranged in different fpegugpsywspands. In
order to separate the various conponents, the DSP repeatedly carries out
FFT's on audio signal sanples falling2®ithin successive, predeternined
intervals. The intervals may overlap, although this is not required. In an
exenpl ary 26cauprsighveiehting (6 46 19 V@ ) andphengddinT the weightad INR e ppetucelur i ng each
second of d &% L.On: 0 i ngl of each.synbol period
falls vith o VTS(’“F%??QE’%%’%‘?%‘ s‘f@@ﬁéﬁ'ﬁ@%mﬁt&?ﬁbﬁﬁﬁﬁ%wﬂ ,HC%H}H%UQh this
may be omi t PEOFESS if aarmebd out pyogreisivelyi thrpughost the 66¥ EFT pdiiels sfenoh esntwi.e st or ed

and, when agsultbiGicenk Vg | , ew EFET i s perfornmed,
as indicated bf/{ sF&ps rf H@ﬁﬁ%?”@gﬁ’rﬂ‘% i S erpgéndﬁnlg% ,Od? hgm?urg quency
conponend valasexsighted nd @ddaddel produce a qogiparison SNBafer BET fidrati 3i Shereach conponent
value is re 85 NS - 1Q- Nnai .0 R). duced as

fol | ows. ThgH r@?\‘_gér?)g q\r/l\n?ot%hl n feS glﬂdh?%d&a@grﬁe;eﬁ ITL)K?%\&S?I P&ﬁl«}%ﬁdls%ﬁ aﬂ%ﬂ ch a
frequency cowpagHenmnpuisommluss\ahiecs abtaied denferalwnd®T peladsiu®igt 48, of each
correspondi X ] r i.s-determned as an average of adjacent
bin 30 val ugg?v%roééznﬁpg%g?&%}%%\lf r géoe”%cpv%“él@glhe Bt " e@‘ﬁ‘ﬁplgur roundi ng
bi n ener gy vislicnewore ordgss Ben fise SNRiseaylbecgmbined; fley enagfoe thabieédithodaei ng

i gnored{hn [t i1d.the .influence. of ossi bl e | arge bin energy
val ue mﬁpch%%ﬁnﬁ‘%eté&&ﬁ?g 6:Pm8‘>%‘55n%1ae‘?°“q’r“8?ﬁfg%ﬁ’l%venber 2003 WD 00/ 72309
PCTI USOQ' 14057  ASerdhe eubadsosi SRavalus iperieni obtainéd) eherletagbbaxadnes of t he

code freque ot AL SO i.ven_that | ar ge .energy val ue coul d al so
appear in tﬂ% 80§£eyps§§§p&gnvé‘% esﬁoirﬁ, sggepa&?%ﬂ‘?rét,, ﬁ‘ﬁg‘@ﬂf%c isg’gg‘ﬂf‘g’an audi o
si gnal conpemkSy are tohaedNRide shiajmforojtioreis ebtginkd, mhet dedoder htfendpk t6 deddodi ment , i f

O DR kB B S P bR i BB L Voo

whi ch md§ beymimi éstbafirst sagmentont) ieatrtpofidingiday syiatbol [BNR wcomdisedinat € st or ed

ot Cut BlovRiTR ek S RA G or el D SRLSE otk SPocil Bt ot ! St F 8t 0
detected and the same offset is observed between each data symbol in the first

segment and its corresponding data symbol in the second segment, it is highly likely
that a valid message has been received.

20 With reference both to Figures 3C and 9, assuming that the beginning of the
buffer corresponds with the beginning of the message (which usually is not the case),
apeak P of the comparison SNR’s for the “A” symbol should appear in the third FFT
period, as indicated. Then the decoder will expect the next peak to appear in the
position corresponding to the first data symbol 0-9 in the eighth FFT period. In this

25  example, it is assumed that the first data symbol is “3”. If the last data symbol is “4”
and the value of § is 2, the decoder will find a peak of the symbol “6” in FFT period
48, as indicated in Figure 9. If the message is thus detected (i.e., markers detected
with data symbols appearing where expected and with the same offset throughout), as
indicated in steps 162 and 166, the message is logged or output and the SNR buffer is

30  cleared.

However, if the message is not thus found, a further fifty overiapping FFT’s

are carried out on the following portions of the audio signal and the symbol SNR’s so



certain enbodi nents, the ten SNR s for a given synbol are sinply added,

al though 10 other ways of conbining the SNR s may be enpl oyed. As

i ndicated by Figure 9, the synbol SNR s for each of tbeNowehbe 2pabols A

B and 0-9, are stored in the synbol SNR buffer as separate sequences, one
synbol  SNRwioworgeeh FFT for 50 FFT's. After the val ues pegasedossn t he 50
FFT's have been stored in the synbol SNR buffer, new synbol SNR s are
conbined with the 15 previously stored val ues, as descri bed bel ow. \Wen the
synmbol SNR buffer is filled, this is detected in a step 146. In certain
advant ageousrodusbdare addrddo thosralwadyria theSR1gr tauffer. a’ﬂjeustseeﬁjtuanmemduce t he

i nfl uence o j i IS 9 nal in many
applicati ongsrf)cePgn){st% %In &]0& ? B@fgrejaﬁg hE%, éoggyn%l@rsn Q ?‘ﬁeec(?ﬁjg BN %‘Rtgmf or each
synbol (rowgaimn Tﬂlise)rdmssfzerepWeciz@nnmtoaslymmg amhnssa@vsrthgetemf Inahé stored synbol
SNR's in th me t.he, .buf |sf|IIed Then, to
conpensat e %toegngﬁﬂee%efp}(&e%s of r?léfnseh out ai%frrslltegnénrn g’eo%lfn ‘noi se" value is
subtractied fr omIe‘ad}beoabparhﬁ fmnoﬁxeﬂ)rwmgdb mSAIRy thalop@stidnivf tHeeleeoder espondi ng
row. In thi aner . earing onl.y brief S not a

val i d detecti %%ﬂtggséifuﬁéléﬁoc}}ﬁ Q T 15 TR A Pﬁkiyﬁ‘ﬁ fSP gure 3C, in
order to avmatettzaﬁ etmwxﬂmutn@parh% fnoma‘e suaelof tietprdshe inlentinie [For preferably the
encodi ng schene ons r.ai n hat .t he sa ol es not appear
twice in th&2 "les%n Eide St?mﬁ%%%gidﬁsu iy may & E sq%‘?ﬁ‘i‘“?ﬁ%%ﬁ&ﬁ@@&uence SA,
S1, S2, S3, mésyge. After the synbol SNR s have been adjusted by subtracting

t he noi | evel ,_.t he., decoder tte 0 recover the ssage by exam ni ng
t he pat ?‘Zrn of rERRARE §I\Il%w J%fl ngger({‘?ccfdﬁ’éacﬁ ’fnérto Pr'r}'gerstep 156. In
certai n enbailianmgdoss e:ﬁmmmthwnesmaemhueesyﬁﬁﬁnseﬁehbssyrmeheoaﬂ@ ofocated in
a process of. su essweal& é ni ntg roups of five ffadja entb NR s, by

wei ghti ng t h&'Val’de¥PrR* YR ap§%dqtﬂélﬁ @ r?Peglr“@pSB‘f”ﬁ“B%otB'ef’ S¥BORBvenber 2003
WO 00/72309cd?ﬁ£iul§ﬁalﬂaﬂ:ﬁéﬁ}mmﬂfaesqmebyifcﬂﬂrdmsﬁﬁlidlmeééin&&hlaemko 6) and then
addi ng the wej roduce,a ari son SNR centered in the tinme
er o of t FECRRTRO BRIF B Gh e g Gab b e BOnaE TR B out

pr ogr es$$ velyratidir cioghrbalf secdiel if ietnyeskded sqpedcodR i0dssamedhins yaﬁh&bzmbolFor

exanple, a first ar of five SNRs for .the "A" i n,FET periods |
Chrobgh 5 sisapEewaien iy 5 b Heaenr s Brstfiond o B Sabos ot inslef or Py
period 3. Thedlveadifferent symbols A, B and 0-9, as in the code of Figure 3C. However, the

—

Figure 9 embodiment may readily be modified to detect any number of symbols, each
represented by one or more frequency components.

20 Steps employed in the decoding process illustrated in Figure 10 which
correspond to those of Figure 8 are indicated by the same reference numerals, and
these steps consequently are not further described. The Figure 10 embodiment uses a
circular buffer which is twelve symbols wide by 150 FFT periods long. Once the
buffer has been filled, new symbol SNRs each replace what are than the oldest

25  symbol SNR values. In effect, the buffer stores a fifteen second window of symbol
SNR values.

As indicated in step 174, once the circular buffer is full, its contents are
examined in a step 178 to detect the presence of the message pattern. Once full, the
buffer remains full continuously, so that the pattern search of step 178 may be carried

30  out after every FFT.
Since each five symbol message repeats every 214 seconds, each symbol

repeats at intervals of 2)2 seconds or every 25 FFT’s. In order to compensate for the



further conparison SNR is.produced using the SNR s from FFT peri ods 2-6,
and so on until conparison val ues have been obtained centered on FFT
periods 3 through 48. However, other neans may be enpédyeambar2008coveri ng
t he nessage. For exanple, either nore or less than five SNR s nay be
combi ned, t RRYoofBdge be combi ned wi t hout 10 weighing, or they..nay he conbined
in a non-linear fashion. After the conparison SNR val ues have been

obt ai ned, the decoder exam nes the cparpari son SNR val ues for a nessage
pattern. First, the marker code synmbols SA and SB are |ocated. Once this

i nf or mat i oneffests@bbwtbtrerdrs anb ehedike,AHESNRIRG MRbEchi R < 2¢ &3ibinddbe ap@aks of the
data synbol s. The. .use  of Q?H@r edet er m ned of gset et Weeg each data 15 synbol
in the firstrSRoRERs valng TERSAYMEIPTTIAEFHG QLA S HIed SRR leg e cond
segnent prsNRgesia.zhecklionst he validity of the detected nmessage. That is,
if both markers are detected and the sape of fset is observed between each
data synbol in the first segner NRa q_-tl%ts correspondi ng data synbol in the
second segnent, it is highly liKe a valid nessage has been
received. 20 Wth referen both to Figures 3C and 9, assumi ng that the
begi nni ng of t he opFdmels 1 @gjrufség‘b%'ﬁﬁ%ulweﬁlﬂt inle Igwsqf Asieny Wervelieonbessage

(whi ch usuabdeyf it sBOheskd}R RS will Rave 8adh 163t Ohd iRQs&aNnAe8iANR s for the
"A" synbol should appear in the third FFT period, as indicated. Then the

decoder wi | P! tBscgpathined SAR yatyes gredikely do Bf‘p‘ﬁ’égFCthqutth@ ev§si ti on correspondi ng
to the figrst dat@nes¥Rembie=d SNR valies 0ive bida dEFe}Enﬁ@& Itmiecéder idicts ge €xanpl e,

it is assuned. that the first data symnbol is "3". the | ast data synbol is

"4 and t hePs{igp qEthg facker gymbol's peak fa difated Wy [the qomweéSHBa@h@a andhe synbol

"6" in FFT geivkdlle ditBsynol bdddieabRdd b thEinfile®s Bosifidn i TraSMises! S t hus
detected (i.e,, markers detected wth data synbols appearing where

expect ed an®f ) date pHPoBame of f set t hroughout), as indicated in steps 162

and 166, the NMessREeheineshRO ARG beod! foRtbd @Qﬁ'ldfc%d%p@%iﬁ{d 188, na0 cl eared.
However, if the nmessage.is not thus found, further tgy over | appi ng
erd

FET s B e BASAICIHIoBER. SipaNe: vr81kre8weﬁ@°§fawmca°ﬁsg%¢8mqéu $8tsi gnal and
the synbol SNReE 150:280thbavRaRasade 03P 3% RERLHSAA dHBRdes21 produced

are added to those al ready in the circular buffer. The nol se adj ust nent
to search for a message.

As in the decoder of Figure 8, it will be apparent from the foregoing to modify
the decoder of Figure 10 for different message structures, message timings, signal
20 paths, detection modes, etc., without departing from the scope of the present
invention. For example, the buffer of the Figure 10 embodiment may be replaced by
any other suitable storage device; the size of the buffer may be varied; the size of the
SNR values windows may be varied; and/or the symbol repetition time may vary.
Also, instead of calculating and storing signal SNR's to represent the respective
25  symbol values, 2 measure of each symbol's value relative to the other possible
symbols, for example, a ranking of each possible symbol's magnitude, is instead used
in certain advantageous embodiments.
In a further variation which s especially useful in audience measurement
applications, a relatively large number of message intervals are separately stored to
30 permit a retrospective analysis of their contents to detect a channel change. In another
embodiment, multiple buffers are employed, each accumulating data for a different
number of intervals for use in the decoding method of Figure 8. For example, one

buffer could store a single message interval, another two accumulated intervals, a



process is carried out as before and the decoder attenpts to detect the
nmessage pattern again. This process is repeated continuously until a
nessage is detected. In the alternative, the process2@ibpvheba@00Bed out a
limted nunber of tines. 51t will be apparent fromthe foregoing to nodify
the operati @i dafabie decoder depending on the structurepeh kfifp8ssage,
its timng, its signal path, the node of its detection, etc., wthout
departing fromthe scope of the preserg invention. For exanple, in place
of storing SNR's, FFT results may be stored directly for detecting a
message. 1Chird Giuf titekhld Mda fSulrOwigh itdrvdlO rSepitaik ek ctibascpdet ormeor ding to a

further advantageous, enbodi pent | kew se | nment ed by neans of a DSP.
The decoderCOB?ntsg?%ﬁguq%afeé eé’s‘ﬁ%‘hoé’ﬁeff %Q%@L%‘a{'%?'det ect a repeating
sequence of fivelmhonh ifyskelcemboaREnsof g piker iffBitioarland ishiFcafont | owed by

four data synbols erein.each of the .code s ols includes a plurality of
predet er mi rf ?fe?tjﬁ'é%w@ﬁﬁgesﬁ'awgdﬁgﬁ%heéﬂ& Iiyg fo be vpderstopd, iatdRis 8VeRRRE. hal f second
in the ressiage: EetdeN®ese prdcisk SmBEEIMBMS ald1Addi BRGNS ¥Rt otHes I EPresented by
ten uni que frequency conponents and_that the synbol set includes twelve

di f ferent s’??ég‘?’é‘o?ﬁ a“%"ﬁ?"?élwﬁs-@?y besetferted thsreiryeens skipdyinrtie evithwhever , the
Fi gure 9 erdepghieRbmimyschRaglil byiriber thiili dokieslad Rfidaf §cthe Ap¥ndidmber of

synbol s, eac represented by one or nore frequency conponents. 20 Steps
enpl oyed i rF'#W& decoding process illustrated in Figure 10 which correspond
to those of Figure 8 are indicated by the sane reference nunerals, and

t hese steps consequently are not further described. The Figure 10

enbodi ment uses a circular buffer which is twelve synbols w de by 150 FFT
periods long. Once the buffer has been filled, new synbol SNRs each

repl ace what are than the ol dest 25 synbol SNR values. In effect, the
buffer stores a fifteen second wi ndow of synbol SNR val ues. As indicated
in step 174, once the circular buffer is full, its contents are exam ned
in a step 178 to detect the presence of the nessage pattern. Once full, the
buffer remains full continuously, so that the pattern search of step 178
may be carried 30 out after every FFT. Since each five synbol nessage
repeats every 2% seconds, each synbol repeats at intervals of 2% seconds
or every 25 FFT's. In order to conpensate for the 26 Novenber 2003



WD 00/ 72309 PCT/ USOQ 14057 22 effects of burst errors and the |like, the
SNR s Rl through R150 are conbined by adding correspdatiovanben?l®ds of the
repeati ng messages to obtain 25 conbined SNR values SNR,,, n=1,2...25, as

follows: 55 SNR = Rn+25i i=0 Accordingly, if a burst error should
result in the loss of a signal interval i, only one of the six nessage
intervals will have been lost, and thé4essential characteristics of the
conbi ned SNR values are likely to balsttfected by this event. 10 Once the
conmbi ned SNR val ues have been det ertrfict,—t he decoder detects the position

of the marker syqbol'%g@@&f@lsdebmgca%&ﬂtemﬁnémes@;gmwgsi u4ffyues and

derives the data synbol "'sequence based on the marKer ion"and the
peak val ues of oksshdpsyohdla cslyaiiial i an Gridesighk coegsage has t hus been forned, as
indicated in steps 182 and 183, the 15 nessage i s | ogged. However, unlike
the enmbodi ment ofMSEPYfOF weavingan ydiorsignaliie whish 2 Puradify Saicsage a®a!s t he decoder
| oads a furt I . At .search for a
meesage. A TR TRLTGERaRR e R ol AR L B e e

f or egoi ng t QigAmlds deprodiidae sttt @ dies phahlith b e seaghQyhiedls wHifdf RRRALd WREaage
structures, message timngs, signal 20 paths, detection nodes, etc.,

wi t hout dep&Fedeigpuneddnsssage aseripaliyiof eadle spplndse fhe pradaiprpsdopessa@er exanpl e,

the buffer qf Fiqure e di rent .may be. repl aced ny ot her

Ui tabl e st oagH ot kSt T S IR S Per ERedSEE T vdl The i ze of
the SNR valgugmcedin 626 HBYudRLsipRl Wittt 1R bodeRPmB TpRsediBpgt i tion time
may vary. Also, instead of calculating and storing signal SNRs to
represent t Wiforans peotfitheen@Sigs yymidols beak iwsiportedeatio paliofigmbetl synbol ' s val ue
relative to the other possible . synbols, for exanple, a ranking of each
possi bl e syﬁB%Fm§5HHGW%F@H??ﬂpgkﬁﬁg¥§ﬁﬁﬁd§&35 balscertain advant ageous

enbodi nents. In qmﬁﬂg$p§£mﬁﬁ&h@%gggsﬁ$ag ub SrRShs %@é%¥m%§eful i n audi ence

measurenent applications, a relativéely large nu message intervals
ar e separ at etpyessitog diet fr@ietermined message symbol and a second signal value of the :

second code symbol representing the predetermined message symbol; and

means for examining the accumulated first and second signal values to detect
the predetermined message symbol represented by the first and second code symbols.

2, The system of claim 1, wherein the accumulating means is operative to
produce a third signal value derived from the first and second signal values and the
examining means is operative to detect the common message symbol based on the third
symbol value.

3. The system of claim 2, wherein the accamulating means is operative to
produce the third signal value by linearly combining the first and second signal values.

4, The system of claim 2, wherein the accumulating means is operative to
produce the third signal value as a non-linear function of the first and second signal
values.

5. The system of claim 2, wherein the first and second code symbols each
comprise a predetermined number of frequency components, and further comprising
means for producing first and second sets of component values, each set corresponding
to a respective one of the first and second code symbols and each component value of
each set representing a characteristic of a respective frequency component of the

corresponding symbol, and means for producing the first signal value based on the first



30 permit a retrospective analysis of their contents to detect a channel
change. In another enbodinment, nultiple buffers are efNbwyder200ach

accurrul ating.data for a different nunber of intervals for use in the
decodi ng method of Figure S. For exanple, one buffer could store a single
nmessage interval, another two accunul ated intervals, a 26 Novenber 2003 WO
00/ 72309 PCT/ C7S00/ 14057 23 third fou2d4a ntervals and a fourth eight
intervals. Separate detections based on the contents of each buffer are
then used t &et@EeupRongnt ¥3fuss et PeRwgehe sseasisgnl VRlue based ent the eecersti nent s of
the present | I d nodifications thereof have been described in
det ai | hereP%g¥§$£%§0?%£be understood that this invention 5 is not limted
to these precisegenmbodheBiieh ARRNTR M Hetdiiht Ridsiving Rdardshiddpeptifen

nodi fications and variations nmay be effected therein by one skilled in the
art wit hout recdizppiutal saip of fipvrandrscand spde stavdlssafly jet repfesanives 4 espsettvieon as
defined by the appended. clains.. 26 Novenber 2003 24 CLAIMS. |I. . A system
for decod! ngrecBRRGRIEPF ettt U f msr ot T e AFT Lo e s age
synbol s enbeddetdeiRiAmhaHRALP o 13 syBRUTRAd & 11AAG onbBANS KR, tHe€C eI Vi ng an
audio signal 1n which a plurality of nessage synbols "have been

i ncorporated so that the nessage synbols are inaudi bl e when the audio
signal is reproduced audibly, the plurality of nessage synbols being
contained within a predeterm ned nessage as a plurality of code synbols,
the predeterm ned nmessage synbol being represented by first and second
code synbols incorporated in and displaced in tinme in the audio signha
with at | east one code synbol representing a different one of the nessage
synbol s being incorporated in the audio signal and positioned in tine
between the first and second code synbols; neans for accunulating a first
signal value of the first code synbol representing the predeterm ned
nmessage synbol and a second signal value of the second code synbol
representing the predeterm ned nessage synbol; and neans for exam ning the
accurmul ated first and second signal values to detect



the predetern ned message synbol represented by the first and second code
synbols. 2. The systemof claim1, wherein the accun®f Nevemperddlhs is
operative to produce a third signal value derived fromthe first and second
signal values and the examning nmeans is operative to detect the comon
nmessage synbol based on the third synbol value. 3. The systemof claim 2,
wherei n the accumul ati ng neans |s operzétl ve to produce the third signal

val ue by Ii rygarl 4. The

cumu}zl':u%g%tgzlmg Ilsn(%FrﬁlP 1Ve 10 accum ﬁ{?adsets of: ip 75t angl g: [va‘lz’\ues,
system of claim erein € accunu neans i s o e ati've™to produce

the third sicgmaignyalaie s@%oﬁesﬁ&ﬂmlglt@@ﬁzépetﬂﬂ%b Qﬂth@éetstdf%sft biiddecaidd second
signal values. 5. The systemof claim2, wherein the first and second code

synbol s eac hodmnplslals@neluqbn$@léxswmh‘@@lenmr@emtmﬂhq‘ﬁrecméqmgnabwfrﬁlmnent s, and
further conprisin roduyci n rst and siﬁond ets of corrponent

% mean p
val ues, eacHKoBetiveende ﬁ?ilaﬁfb SEPeaEt s"ﬁ & fPrrsebing g FePReeade fgtal and second
code synbol SRR 1 RARDSATRANRSEs ¥ab4aiRo d&&?ﬁeﬁ%&saé@&f feREA RO

characteristic of a respective frequency conponent of ‘the correspondi ng
synmbol , and prmamsofthenmmmbﬁigaatehenﬁts sighial silgnat andad deedoatdedt e t he first
26 Novenber 2003 24a set of conponent val ues and produ0| ng the second

si gnal val uéaBagaepl Bired Arthe detent rswence of the srpsnwmboladies. 6. The system of

claim2, Wh Sés orl: Q&s&ﬁ%‘%ﬁﬁ% Pﬁ%@@tﬁedn{son%%ga g to receive plural sets

of first an representing a respective one

of a plurali ty of7 mes s&geysﬁ:ymmlaﬁn arwiRRgede asuRuRBSSagas Raybagvedo

predeterm ned sequence including at | east one marker synbol and at | east
one data syt the ﬁéanﬂGecN@@@@t?éV mdﬂsexmgmeawmpmm detecloper at i ve
to accunul ate sets of fi aﬂid second S, eac ,&gnal val ue

set corres p6]?1 acoﬂlﬂmf‘&"eésag%iyﬁg’ Y\Féalﬂlﬁﬁlgé’?’t‘}ﬁqﬁg‘egﬁt gn ?eccfridlségfw At econd code

signal s and incl gdi ng T@e fysteit of2lafh &l wikdditife LERAERENY h8Ss IsRBerhiivedd code
signal of the respective code signal set and a second signal val ue

repr esent i ngradoe: thefnrmd sodad sgrgthwluesbﬂ@d enfulinld otieesignedmlugsng means i s
operative to det ct tq‘ rressa by detecti n t he goggsen e of t he marker
synbol based on |ts si GRSyt G@m&é’tw}&ﬁdﬂ% b Ense Selugsige

produced from respective sets of time displaced signal values, each of the time
displaced signal values representing a value of a respective one of the first and second
code symbols during a corresponding time period thereof.

10. The system of claim 8, wherein the first and second code symbols each
comprise a predetermined number of frequency components, and further comprising
means for producing first and second sets of component values, each set corresponding
to a respective one of the first and second code symbols and each component value of
each set representing a characteristic of a respective frequency component of the
corresponding symbol, and means for producing the first signal value based on the first
set of component values and producing the second signal value based on the second set
of component values.

11. The system of claim 1, wherein the receiving means comprises an
acoustic transducer for fransducing an acoustic audio signal to an electrical signal, the
acoustic audio signal having a plurality of code symbols representing a plurality of
message symbols comprising source data for the acoustic audio signal, and further

comprising a memory for storing indications of detected message symbols.



data synbol - based on the detected presence of the marker synbol and the
correspondi ng signal value set of the at |east one dat@Nevambei200Z. The
system of claim1l, wherein the accunulating nmeans is operative to store
the first and second signal values, and the exam ning neans is operative to
detect the common nessage synbol by exam ning both of the first and second
signal values. 8. The system of clai m2%, wherein the accunul ating neans is

operative to prqg_uceg%g%ﬁgeeuo%tc%aﬁggl ?S&%ggor%%g%% val ues based on multiple
: Sys | ,

. housin € sysStem
ot her signal val ues. emd

: evern ?rﬁfe_sfyl rSt and second
si gnal val uegaptddeo béadeathd PeRth bEMRAGEME SeiBbiSand nchisTBr einsRkaged si gnal
val ues, each of the time displaced signal values representing a value of a
respective &estasgd datpcior yse &t predvding eedienge sstivdes.synbol s during a correspondi ng
time period theregf. 10. The.systemof claim@8, whereipn the first and
second code synbgl?'s eé‘c’ﬁeth%cg%%cg‘gn%a HF%&%P@F%@Hgﬁﬁwg%lﬁ?ﬁpfuﬁl@’quency
conponents, o2pekshdt sk MBE1s HRERErRA Hohn 088 Signdl QonPFiGAICi Ng first and second
sets of conponent val ues, each set corresponding to a respective one of
the first and secoadingadeudysipral & vench agdwhlitg ofpenagtsymbdltavebeeneach set

representing a characteristic of a respective frequency conponent of the
cor r espondi g‘tfo”st’g??"f‘f?&ls? thatife message sybols g dpeding hakthe ppdi¢ sigiayital val ue based
on the first., S$6kediat V. [ L0g - .second signal val ue
based on theepéecoen% sggmgpﬁ%tg%%hgﬁ%gv t]j’glg%gﬁb%l%elag}s em of claim 1,
wher ei n t he predeteiminedgne3®agass Liliality €Soda BymtalOthe picdetbiranaduee f or

transduci ng an acoustic audio signal to an electrical signal, the acoustic
audi o si gnalsyeal beine wrispamted biy figst arid seenid cedersisobals ineprpersieditiand a plurality of
message symhgl QNPri Si ource data,for the acoustic audio signal, and
further cgtarrg’ ]?l%e?irll% A We}ﬂr‘%?u;%mfs&ﬁn AP r?qtlueﬁgioﬁﬁhco?ﬁ?%olﬁ 'BiodePett ed nessage
symbol s. 26 difeynBieriof HeQwksshbe syhbols hBRg Hitsip8iMc@fn 1Bk AldW stdnal {rdr t her
conprising a housing for the systemadapted to be carried on the person of
an audi ence Ppetidned indinek hetveass thiedirst endgssomdtcpdesymbele st ored data for use in

produci ng audi ence esfi.na thod for decqding a predeterm ned
Hﬁ‘ qﬁ??é?sﬁ%’l"éf@d in an audio

tes, .13, A
message synbol of “AMP & ﬁﬁsvlgn&{‘vaﬁﬁg’ggﬁ g G _(§V‘§'b(i’ . .
signal, co fedétbrfined ntek &by &ﬁgjo%d%légéogd SibRHD iud & hicEhaq o s'}}'frl@al)l' ty of

nmessage synbol s have been
representing the predetermined message symbol; and

examining the accumulated first and second signal values to detect the
predetermined message symbol.

14. The method of claim 13, wherein the step of receiving first and second
code symbols comprises transducing an acoustic audio signal to an electrical signal, the
acoustic audio signal having a plurality of message symbols comprising source data for
the acoustic audio signal, and further comprising storing data representing indications
of detected message symbols.

15. The method of claim 14, further comprising transmitting the stored
data for use in producing audience estimates.

16. A system for decoding a predetermined message symbol of a plurality
of message symbols incorporated in an audio signal, comprising;

an input device for an audio signal in which a plurality of message symbols
have been incorporated so that the message symbols are inaudible when the audio
signal is reproduced audibly, the plurality of message symbols being contained within a

predetermined message as a plurality of code symbols, the predetermined message



i ncorporated so that the nessage synbols are inaudi ble when the audio
signal is reproduced audibly, the plurality of nessageNsymibedZ0Bei ng
contained within a predeterm ned nessage as a plurality of code synbols,
the predeterm ned nmessage synbol being represented by first and second
code synbols incorporated in and displaced in time in the audi o signal
with at | east one code synbol represeidaing a different one of the nessage

synbol s being jincorporated in_the audiq sjgnal .and ositioned in tine
et veen ¢ he T Bonh R Se OPort SRt RG P st o1 gna
val ue of t hgjshiab&ilin GREE BY AR sigr@PLRSR MaktRde LRE sydMFADISERLPEd Message
synbol and a second signal value of the second code synbol “representing
t he pr edet erndiffanet onved dagessigabaibplsdnidg acenpbmicd ¢n thh endiccdgmaidrdt ed first and

second signal values to detect the _predeterm ned nessage synbol. 14. The
met hod of cIPATiigned in tiprchebyssn thedire prdysegpnd cadeayipPoly aflr st “and” second  code
synbol s conpri se [ I SELG I i ctrical
signal, the acoégégl%ﬂg%?ggp%icgna g%?/’lhh”gthgﬁégb@rt g‘%‘%{é@&g B‘r’regtgg%igo synbol s
conpri sing Skddfeen, dtdgithiQrocetsbEbeapqiiGdritmelidiatusuifad firstaflallvdiue her
conprising storing data representing indications of detected nessage
synbol s. 15 .representipg thedstepdesymbohanda sqconrd stgmel vabepenreserige theameniit ti ng t he

stored data for e,i n. pr,oduci ng audi ence est | es. 16.. A system for
decodi ng a SrTePl i SR s e PR o S B TR BE rezcage ynbol s
i ncor por at eQedufw@feddiidiaft $behaalonal GANEY th bBd theedeRBtheiBMEe fOr an audio
signal in which a plurality of nessage synbols have been incorporated so
that the nmesgab@. synbols are inaudi ble when the audio signal is reproduced
audi bly, the plurality_ of nessage ols being . contained within a

pr edet er m ned rreégage%ggsyétetﬂ ‘lflcgﬂl %Q’Bﬁw&é@én@gﬁ%’&ﬂe§?m?ﬁ‘?§3ﬁ}aéa‘ésflér ni ned
message 26 NauQIRe for 3PN SUTROL.AREL B 6 SREESAOH Sthdind dbitic and second
code synbol s 1 ncorporated 1'n an displaced in tinme In the audi o signal

wi th at | eastidiosignai baléngsayphinality bqde sgntiolsreprasenithgfof pduwrality obmesspk t he nessage
synbol s being incorporated in the audio signal and positioned in tine
between the first and second code synbols; and a digital processor in
comuni cation with the input device to receive the audio




therefrom the digital processor being progranmed to accunulate a first
signal value representing the first code synbol and apgsesemdergoghal val ue
representing the second code synbol, the digital processor being further
programmed to exam ne the accunul ated first and second signal values to
detect the predeterm ned nmessage syphol. 17. The systemof claim 16
wherein the input device conprises an acoustic transducer for transducing
an acous symbasrpimprisingsratcedeta foy thel ageusti¢ adio signgln tie digitplerereBosiavideg 2audi o

signal havin lural ity of code.synbo representin plurality of
nmessage %m@&@ﬁg@?@;}l@ﬁgpﬁ@ﬁm%%ﬁa O%Sh%??cgﬁgﬁ%esssagﬁ?yggogat a for the
acousti ¢ audi ggSi gRRL cystelrdia@h § AluRePGRDifhg NRNISAY {6k thd B&Bh YddpRE St oring
data representing indi'cations of detected nmessage synbols. 18. The system
of cl ai MidlPe cafried bh eife pesopof aaiandjere hembérragd means firérapygtispiladepdadta t o be
carried on the person of an audi ence nenber and neans for transmtting the
stored dagrase pprodysias pHligYroHtBRRY audi ence esti nat es.




