26 November 2003 WD 00/72309 PCT/ US00/ 14057 1 DECODI NG OF | NFORVATION I N

AUDI O SI GNALS BACKGROUND OF THE | NVENTI ON The present invention relates to
nmet hods and apparatus for extracting an infornmation 86®Nwetmbéda0an encoded
audi o signal. There are various notivations to permanently or indelibly

i ncor por at eygegkRpgation signals into audio signals, ref ?’c&ﬁfgo&/ﬂu S
"wat ermar ki ng." Such an audio 5 watermark may provide, for ‘exanple, an

i ndi cati on of authorship, content, |ineage, existence of copyright, or the
| i ke for the audio signals so marked. Alternatively, other information may
be incorporated into audi o signals either concerning the signal itself or

unrelated to it. The information gEyobBfndser porated in an audi o signal for

vari ous purposes, such asNgistiaffioftmoAUPioasGgRA&Jdr ess or command,
whet her or not 10 related to the signal itself. There is considerable

interest in encoding audio signalsTwith information to produce encoded

audi o signal s havi ng subsi20KGROUYND loF SAHFENVENERIN bl € characteristics as
the original unencoded audi o signals. Recent successful techniques exploit

t he psychoacoustic masking effect of the human auditory system whereby 15
certain sounds &rie phessmhveniidinelate pi iné&th&is\whé Bppaetei fuestradtidaggnwi t h ot her
sounds. Ong ({)arti cul a&r%/rﬂsucceaf%f ul,.utiljzation of the psychoacoustic

maski ng ef f BEEMRECN Jeha &R epgedeq aydiosianal, o No. 5, 450, 490" and No.

5, I76_4, |763f(JenSerheﬁetargbar)qui; ﬂlorwu;,t\iﬁhstﬁipamemtyic@ﬁhdesblgmb@sﬁm ed bxd/_ a |
mul tipl e-frequency code .signal which js jncorporated jntqQ an audio signa
based upon t”ﬁ‘é’“ﬁﬁéﬁ‘ ?sdB‘ioI%F‘% sigpalg, gefe ??IcfPBSs Yrriarkingy e SUch 20 audi o
signal is Subfemldri nfa®hrd¥ide e asinpld, ANmbicafdnT amheksKip CRRthOindage, Wel | as for
recordi ng and reprgduct_i on. \When received the audi o Si ?nal s then
processed t BYISIERSE QE FoPYHEh pprdleiedordhe pudip signafs sgimariede difemetivedbde si gnal .

Sonetines, eMkdinRrA&Idningdy beQhcotfdeatdlihiol ;li0 s{phq vige YorcadmgSheiiadlal €. 0., a
nunber of single E%fq ency_cod conmponents, inserted into the original
audi o si gnal®SyE Y By T et"ﬁ%"ﬁa’éw%wla%RﬂP%atS%ms%ﬂ@H%}P.ﬂgP?l B sufficient

quantity of vaualepapoReRai & iddtifdelios bes, antab@edsth 6RO Whethethot i t sel f may
be eCO\{S ' ege'lated 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.



26 Novenber 2003 WD 00/ 72309 PCT/ USOQ 14057 2 Ceneral ly, an acoustic signal

having |l ow anplitude levels will have only mninmal capacity, if any at
all, to acoustically mask an information signal. For 26%u¥phber X08h | ow
anplitude | evels can occur during a pause in a conversation, during an
interlude bgidW egnents of music, or even within cert gj of nusic.
5 During a | engtﬁ%ﬁperi od of low anplitude levels, it na?‘%éﬁsgé)ﬁﬁsﬂcul t to
incorporate a code signal in an audi o signal w thout causing the encoded
audio signal to differ from the original in an acoustically perceptible
manner. A furthegeRf0)] Scbitit mgna@ﬁ&m BRGE %a@wvagwﬁime%mgu“ ng the
transm ssion _or _reproduction of encoded audi o signals- Burst errors may
appear as t BHPORLIRPAFitYOf eyt Rl o arousticgiemesk anfinforragtian signsloFor Such errors
general |y apeninotedis) shbRudidve SURBERR ndld ¥pAld BGkodvaR &&pte”t_ of an
encoded audi o signal. Burst errors typically arise from fai ure in a
transm ssi ofualgaRAEpriuie beisemapgaents Al Wuve, e cevithin eaviatweest pusin|
interfer §n09§rin§é'féﬁ%tﬁ§ pEHbIQY R ARRINR 18elsS 1t I b8 alhiHind infc{irgaﬁ{%ta
transm ssion channel's,  an occurrence of Systém power spikes, an
i nt er rupt i opedersignalrimal austesignal wibout aavsing thereatid evdiosigu tndifferdrom
cont am nati g3 ofipbiGRbh BAkIPberO B Waifer, and the |ike. 1n a
transm ssion syStem such circunstances nmay cause a portion of the
transmitted encdigthenpriblomss e abanmencelnd banst ¢rross during thedwnsmibdien @r
significant .k a 1 SS| audi o signal,
the affect ek B%F%t%%qg?@ﬁﬁ%gﬁc%gﬁ' gﬁ%} ?dr%%??%pé} c\%ﬁag?% ga(f:]n ecover abl e,
whi | e i A0ot hentighousisegnesats oflsigesl atrpo iBich erors gererallydeching@dmtatileandi gnal may
render the i j i I t€ In n i cations,
such as r ad%@%ﬂ?@gﬁgéﬁ}gﬁh&g&ga gﬁ%td f&lnég}lfa?or eé{a??%’ ‘Er;sét eﬁ%ﬁ@ﬁ%ﬁ? g@l&on of
encoded audiromsipnains transwissiph yhanndl easpividectionicsiysduets sdver eaeoukt i cal |y
repr oduci ng; i i I - i ri f ctors my
catse. bur o i difiadod REALEGE A%RCkE At finlsRin SRR T
irregul ari t yn pevutrtree oégystedi pryvenerdiea, angateseptiopyn demebeperatibsy anuct i on, or
wear, r §U'§) oliflbriof bF Aifk e%H{a&Elféﬂén ﬁ{.teﬂtﬁ)gglyj&%ﬂ%y\gfsg HadRAhS %3-"1 ng
unreproducabl’e or “"significantly altered upon repragducti on. So,
ni sal i gnnentragsiissionispstenf ssrlerivemefatdes mzj eause e poution gf the tramspiiteduci ng
Techant sm ! ehahbd SiolodiddIR of BEQIELD IR MDF AR Bl Shebpe errors
during an acousti c reptoduction of tecor ed SFGI G S gnal's.” Furt her,
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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30 the acoustic Iimtations of a speaker as well as the acoustic
characteristics of the [listening environment may resugioldnrapaiohal
irregularities in the distribution of acoustic 26 Novenber 2003 3 energy.
Such irregularities nmay cause burst errors to occur in received acoustic
signals, interfering wth code recovery. OBJECTS AND SUMVARY OF THE

| NVENTI ON Therefore, an object of the present invention is to provide
systens and net hods for detecting code synbols in audio signals which

alleviate the prqblens caused b eriods of |ow signal |evels and burst
errors. It iegerg’hgl"ﬂ’e?re Frbiet may XEPFng”irﬁﬁ%?ff fodtFetrdn E?F%W%&é"‘%‘bﬂ st ems and
met hods  whiigheaf ford L&l babls operation under adverse conditions. It is a
further objéct %%étﬁec§njént%gh to provide such systens and net hods which
are robust. In accordance with a first aspect of the present invention,
there is provided a ©BIECKSAND SERIMARY GF FHEJAMVENTION] nessage synbol of

a plurality of nessage synbols enbedded in an audi o signal conprising
means for receivin gp audi o s}gpal in which a plurality of nessa

. . ge

symbol s have beer P8 poPREa! Bppierat MY HECHSIIRGEe S50 AL BFEFnaudi bl e
uhen the audhQietb@ialbad SnibBRIPHMRAAN Wnthhney REwRhih Rl bisOly MeSsage
synbol s being contained wthin a predeterm ned nesSage as a plurality of
code synbol geriddaef pwatiphideveswad birssmge synbol being represented by first
and second code synbol s anor%orated in and displaced in tinme in the audio
with at [east o aesiher shipah of the Byyprtion it praydesugh ssieme ged BeBodsf t he message
synbol s beiQﬁhﬂf#ﬁ§) u%ﬂﬁ?d {n t he audi o s&gnal and positioned in tine

[ an

Eraglion unger adverse cion O1s., . .
bet ween t he secon codé ‘synbol's,; nheans for accurulating a first

signal value of tgakhirihet ot§RES tRyifRRlion foSREVREANEH HstethhmdRitas er mi ned
message synbol and a second signal value of the second code synbol
r epr esent i ngvhidrgrquobubbt er mi ned nessage synbol ; and neans for examnining the

accunul ated first_and secoqgﬂ%i%nal %gHyes to.detect . the predeterm ned
message synbol  r SpFECUREd By IR TP (e R SEGHIP CBHE SRS, 1 n
accordance Wby fr %&%@BQai%@@:&hai@d_rﬁé@%g%ﬁ%[‘&fdﬁ?&@lﬂ? bpﬁcsséééer e i s provided
a nethod for decoding a predeterm ned nessage synbol of a plurality of
nessage synpobds ¢mieddqldn at adid sigrahcoapdbiog siegn dibr,reedfipranaidigsignadcei vi ng an

audi o signal in , )
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



which a plurality of message synbols have been incorporated so that the
nmessage 26 Novenber 2003 3a synbol s are inaudi bl e wheps NBantde20p3si gnal i s
reproduced audi bly, the plurality of nmessage synbols bei ng contai ned
within a predeterm ned nmessage as a plurality of code synbols, the
predet er mi ned nessage synbol being represented by first and second code
synbol s incorporated in and di splacedszn tine in the audio signal wth at

| east one code synbol representing a different one of t he nessage synbol s

being incorporated.in.the au i gn and bet ween t he
Frret and SEPoih weiaBugg HheH & Sl dal niPiBaaa R e phab TR ve of 1 he
first code syl syh®BlkSSRR EbrinedWi®in®d &E’&Ee%ﬁﬂk&‘ﬁgss%% ggﬁrﬁwmol and a
second signal value of the second code synbol representing’the

pr edet er m neddensgmbalg ehespyrakeiminadutesagryymbal heinpeepreaantadrivyIfatteatd fi r st and
second si gnal values to detect the predeternlned message, synbol. In
accor dance WrRd ¢PIE pyRRP! Sd&‘i?é?ﬂ‘atﬁjfm@% IRRF&th i tRe mf}}?é‘f“@ols’gﬂﬂ%\lﬁlaﬂed a system

for decoding,g L S’é%%éﬁfxn a gﬁfe?%m%lof%f n%ss[?ih ﬁlbbfs%m%%t message

symbol s incorporate rrstng: an in devi ce for

an audi 0 Si gaatpotared ithi @1|iﬂ1(&51@riaﬂl ﬁr&il poEMoﬁbﬁ el E@ﬁe@l}th&@‘bt&nﬂ aecencb een
i ncorporated so that the nessag synbol s are i naudi bl e when the audio
1

signal is reépfeounbdy ageranuintipg a Fﬁéﬂmahﬁi‘llq afyhedirst cpdessymbel TepFRSRINE bei ng

cont ai ned wit hi eternln d e .as code synbol s,
Che. pr odet e s PrBLELEL T St BEFE 89 Pe e Rt M flieo€na” Shcond
code Sy”b0|%mﬁ&ﬁ9@&9&@5@%@ﬂk&%%hﬁk&ﬁ%ﬁﬁﬁgwm%l%hﬁ%ﬂﬂbﬁ@ﬁeaUdl0 signal wth
at |east one code synbol representing a different one of the nmessage

synbol s bei pgeumulated fipg pad sdoridsignblealedio detsétdgrairedgrdnipedintdisageed in tine
bet ween t he flrﬁt and second code synbols; and a digital processor in
comuni cati A%t h t he i nput device to receive the audio signal therefrom

the digital pr0C%§§£5rd91§:'eWthﬁﬁl‘ﬂﬂfa@ﬁ@?&hﬂ&nv&ﬁ&y@ﬁ&cﬁgEro@ldgél£§}steﬁf gnal val ue
representing the first code synbol and a second signal val ue representing

t he second dadiecaiitgiaqiredetehinel geskage sphiod GE&piﬁrabt@flolﬁgleinget fymibols pr ogramed to
exam ne the accunul ated first and second signal values to detect the
pr edet er mi nétFOrReEEddR A iRoTENal Bomgsi B N0 8 iopdP o0 Ardis eignabEr) US00/ 14057

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 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.



4 In certain enbodi nents, the first and second signal values are

accunul ated by storing the values separately and the comobn nessage synbol
is detected by exam ning both of the separately storad Ntakmbds: 2008e first
and second signal values may represent signal values derived fromnultiple
ot her signalyygdnse such as values 5 of individual code ;éﬁ%@%%
conponents, or a single signal value, such as a neasure € nagni tude
of a single code frequency conponent. Moreover, a derived value my be
obtained as a |inear conbination of nultiple signal values, such as a

sunmmati on of wei ghicedinQ@mbudRh8herstalidesnd @ignaﬁalaesrh@aadcma@@{ed pyncti on
thereof. In further enbodinents, the first and second signal values are

accumul at ed SKying {5 BlustirRRAIY 2D Hiecamatog messagasmbolisdeiveied bY om t he fir st

and second \RhhBme blshﬁf&ﬁysephrataygﬂaﬁéd viRkd eTHe hirs QRPsRHROSIEMRs | S derived
t hrough a linear conbination of the first and second signal values, such

as a wei ght SRAYJFPTESSeT MY wdres dervst fTom mptple gther fgnabalucs, i valiss f unct i on
t her eof . 5Ot hginaPRinRELsle TeQRhsY &snpoRdk, @fjélﬁﬁ'éléﬂ 1@9&9%&&% amag.p@ present

invention will 15 becone apparent fromthe follow ng detail description
of certain &dihsiraggieisol aé‘ﬁﬁ'@di"?ﬁeﬁﬂ‘@eﬂ%éﬁ@@&@! iMorewysy, aderivedrvalig t h t he

acconpanyi ngnAR\Wohiked bfla mapébn&mtméaﬂﬁ‘b\lama%{%ﬁ%&eé%&h'agﬁnt ified by the

sanme reference nuneral s. DRAW NGS Fi gure 1 is a
functl onal BrEERteR efgyaghtetor aaweipkied|vaiepsa95 38 p aenrkinear figctitinghereof2 i s a table

to which ref eren%efu%éﬂen{%%amﬂé ﬁl@ﬁﬁi(md%kwnﬂgléﬁal 9@&%99&:9&}514?8 encodi ng

information in an audi o si Fi gur es are schemitic
di agr ans! Qnwhingeucing g Shirdsgigna wlmi@nbed fecing Fhg Ifirss aechescong vabieh oBtel thigy . Fi gur e 4

i s anot her ts?é?llaﬁvaﬁlﬁ 1H\’§Hn§;herﬁ Eﬁ{eﬁﬂquéﬂv% ﬂ'lpcﬁlgﬂg(liiﬂedr QOTEBSPJHR):E%II- Al

met hodol ogy for encoding information in an i 0 Si igure |s a
bl ock di agr @ pecpudtiensl valeesesugunt 4 weighted erguwaistiicd S@mgﬁmn therefidrag  syst em

Figure 6 is gohihet hakah diagk diagram of a personal portable neter;
Figure 7 is a functional block diagramillustrating a decodi ng appar at us;

30 Figure 8 is aOQtheebires tfeaturps, snd advamegesacverdingdo thegyestm investion welli ng an
i nfor matjs0n peeRfiCadhh @R ity 88 ARG AMHiRd ﬁésgﬁ'ﬁlon of certain advantageous

embodiments when read in conjunction with 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;



26 Novenber 2003 WD 00/ 72309 PCTI USOO' 14057 5 Figure 9 is a schematic
diagram of a circular SNR buffer used in carrying out the nethodol ogy of
Figure 8, Figure 10 is a flow chart illustrating anot 2&Norahbadobdgy for
retrieving an information code froman encoded audi o signal. 5 DETAILED
DESCRIPTICNrﬁgwggﬁjAIN ADVANTAGEQUS EMBODI MENTS The preigghm&ﬂmﬁgtion
relates to e use of especially robust encodi ng which EGAVaTLS
information into redundant sequences of code synbols. In certain

enbodi ments, each code synbol is represented by a set of different,

predet erm ned 1GrigirBglies {ch@AMRIEIE P8 GicORASSR bRAYWRNET in chrfyif SRT

enbodi nents different code synbols may optionally share certain

si ngl e- f r eqthemeihodelgey eiFiEHE S or may be provided by a nethodol ogy which
does not assi gn RPE&ded ArIAREchalti BGHEMNE An6ABNAARMHR oY Pordetdibdfdlan Symbol . The
redundant sequence of synbols is incorporated into the audio signals to
produce enc aterode Spmragicgcadsd pudie sithnot i ced by the |istener but
nevert hel ess 15 recoverable. The redundant code synbol sequence is

especi al by sui t ebEPAILED DESOURPTION ONCBRAWINABYANTAGHOYS g | ow maski ng
capacity, such as audi o signals eamopiMeENTS [ ow anplitude portions or the
like. Additional+%vﬁ%%en i ngor %rate% |nt% audjﬁ H%ignalﬁ, t he redundant
sequence of code ptamyeupnelatey Aoy ihs 456 LSFPeEP B IRPET: SRLERIHY whi ch
affect t enpg&:a»bﬁymmﬁﬁmumfus;md&:?s@hmaé &co&&syﬁ%l Gl Th&skainer ei nabovg, such
errors may be the result [ rfect audjo si recor di ng, reproduction
and/or st oF‘&B@i“BF’B%&‘?&’,& ’E’F’g%%g}?ir%'?sﬁﬁteg%y ?F%%g%gla@ms?ﬁ&%ﬁrgm{eﬂr ough a

| ossy ang/ okinpeiffeuenc astRelgnalk Hod@udraiiotiee embdliméhtdiffusht codepniboRNMENt ,  OF
the like. To recqgver the encoded infornatign,in certajn advant ageous
enbodi ment s M3 RRtons By g ReEan singleo T SPg cedeManals e MR BaPRdehbY%t t enpt to

detect the peapanegy which B6RST BEigh pricteidgrdi@QY eRtPoneAER LHvaonent s.
During the encodi rocess Somne siﬁgég:fre uency code conpggents may not

ng p ,
have been iﬁx%?cﬂo?g% Edundaptsequsace of sy drearrorated ipethegudiosignalsfto i e er val s

due to i nsubfddcécdpbod¥aakdib SigRAPMEH driy uhrdtibdady (R Ebt@eShd Aedelhdldist hese

intervals. Burst errors which have corrupted portions of the
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



30 encoded audi o signals can result in the deletion of certain code signals
fromthe encoded audio signals or in the insertion of erroneous signals,
such as noise, into the encoded audio signals. Thus, 2¢XafemiBédimo3of the
encoded audio signals is likely to 26 Novenber 2003 WO 00/ 72309

PCTI USCQO 14 veal a much distorted version of the original. sequence
of sets of %%n?%{o requency code signals that represent e?%@s}fdﬂ%ornati on.

The singl e-frequency code conponents that are recovered, along with the
erroneous additional signals that are m stakenly detected as code signals,

are 5 processed atfuciaficd vien enjhghﬂgha@@@u&&%?sa;o -§¥J§ES y> ,re'f

possi bl e. The code signal detection and processing operati
speci fi cal | yodechigsals that wpeesgmtedthe nfsmatiany engt hs of the encodi ng et hodol ogy.

As a result, the . o0t i gﬁﬁﬁ i g ] pr esent

i nvention provi dggj&%l%% g%&@%ﬁ@% t ol géﬁﬁgg&%gﬁ%{é&lﬁﬁ?g%ﬁﬁﬁcti onal bl ock
di agr am of &moregds aditons signalp detiue migakemly dodeted asigpdd Gghakphegent s an
optional ss ' ' eration

P 5 ymgssgcﬁ@?fs@éﬁ% ﬂgﬁ} gﬁﬂ&n}@of@g;&s&g&g&ﬁg&m& erheqs&g

functi on 147 a's ol ‘enco _ ction t1 ¢ maski ng effect
eval uat i on/ agpaisietretivn ahd processing opcratzme atgispertfttialy sdagtedlito ¢xpliituké on functi on

20.  Pref er@@é@;f&g@@gﬁcc&&gm@gﬁ Rs 2RLINH LB Hapfiftes B o System

The conputer rovi an ana processor for safpling an
anal og audi mett®dglognef the predsat ioventide provides impyovied purtr toleemeridi 0 si gnal

directly in di gi £alf195 Mealiddd Qhek d%%g‘trﬂﬂ‘dlf%r[ a%%?o@g#argicmﬁa‘lrtl&rﬁ%tohc\{'e' Y,
encoder 10 may compri'se one or nore discrete signal processing conponents.
The synidél deémeplanemnar ephiondl symi® gendnation Enplicy B4 a symbolstqiems an i nf or mat i on

signal into IS functliaqn .be_carri out with
the use of &Sl inshfl e SXAREN Sneol TulHEE 14 28 G Ra Bl °t e
conput er sysvaugtionfadiosimest finpties i & raed amintdiv sigriahinklmsion fimotler 20y nbol s sui t abl e

for indexin i r i i i n, ex | e of a table
for trans aeTagety SRRRET bRphlts nab AL RN BB S T °cor i
appl i cat i onsomputstroaybe pmoideguvith 4. andlog ptoatrs@ fomsanmipbing froamelbgamdioa hard dri ve

or ot hery.sui I or age J ; comput er syst. The..synmbol 25
gener at ilgn f ﬁglttlg Bglénﬁﬁ@e%a?rgrg%’b] e&é ﬁeral%eﬁ SGUt ! lrfCtli he %‘%ﬂ%’% vglllths%r ete
conmponent s, vathoix resaspling. EFROMtizely, anssise i Gineyl caoprise ohe crewdre discrefey a | ogi c

array, by a@ig%glpplrci)c%% ig%%mponents.
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



specific integrated circuit, or any other suitable device or conbination of
devi ces. The synbol generation function nmay al so be inplenented by one or
nore devices which also inplenment one or nore of the2¢simemba@odyINcti ons
illustrated in Figure 1. 30 The synbol sequence generating function 14
formats the produced by the synbol generating fu i i nput
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information synbols. As part of the formatting process, in 26 Novenber 2003
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separate sy L I . sequence generating functions. Each
synbol of t e s%%@ﬁ%%%pﬁg%%o@?@%u% produced is converted by the synbol
encodi ng functi ofis ided showe, theplymball sequenc gegéraigigduiatien U4 moptiowdieF®i gnal s. I n
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sem conduct ganskEREdG@ectROintola frédetesmimed syngirod sbquérnick, vethipst iniplesiengpge- f r equency
code si gpal t ; e of a table of
synbol sggndg%ptg{;%esg%%{ﬁ%ﬁég}ggsa%%%ﬁ%@}ﬁ%q%éﬁgg%%neeaﬁgﬁ%%gg%é signals is shown
in Figure 4. Al tEachaymballofihetstmenmetof syhbatties modmed is comvertbebysther ed on a

hard drive %tmlg)otl Qgcroding function 16 into a plurality of single-frequency code signals. In

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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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.



Alternatively, the function 18 supplies the adjustnent paraneters al ong
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t he functlons 12, 14, 16 and 18 are inplenmented by a single processor, and
in still others Qn%qﬁrrrmreome@ws@ts 12 dhrpvghs2Oougty teelifoplementediby 4 single i ons

11 ust r gsed gbflcd 9 UBintacvMRESBYEmboliinl mIBR6&s 1916, 140G i0Rs 12
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



14, 16 and 18 may be inplenmented by neans of a single table maintained in
an appropriate storage device. 20 Figure 2 illustrates an exenplary
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may be I | | B t Qat, repre t by any one
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unit of a rlg@ﬁmgiaawitbylﬁm message segment having sequence or marker symbol, Sy,

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
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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



Generalizing fromthis exanple, an input set of N synmbols, S1, S2, S3....
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mar ker  synb@bweveBin #pdfeNed BhBo@H R hSsingle-freqency code signals are completely
non-overlapping. Moreover, it is not necessary that all symbols be represented by the
same 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,



10 53,..., SN 1, SN, into corresponding sets of Msingle-frequency code
signals ftx, f2x, f3x,..., f[Mi jx, fM, where x references the

i dentifying subscript of the particular synbol. AlthogdlavedBer 2003

si ngl e-frequency code signals may occur throughout the frequency range of
the audi 0 Siygs d, to sone extent, outside such frequ , the
code signals obz?ﬂi s enbodi nent are within the frequenc?lﬁ?nsg@ﬁ 0 Hz to
5500 Hz but 15 may be selected as a different frequency range. In one
enbodi ment, the sets of M single-frequency code signals may share certain

si ngl e- f r eqfeineys4GaEiRdes k@i bighal cRRMENBIand bilidsilpfRbadbe ey ment, the
single-f requgj%&y code _signals are conpletely non-overlapping. Mreover, it
i s not nece B FIPHO8 ZiCFIveSARFYAIL skemal fass B p sesoring IRPmaioRsigAtinber  of

frequency CoaR@ARIGSs audtd SFEAUSEwih dfdihstisrdi@nl & Bptddutl Sreatage audi o signal
encodi ng system 50, This_ system inplenments multiple audi o signal encoders

. | _
to successi HAQSIEREGH Ausdip sgnn Hed 82 granbe rroduged by any goprantiongl savicea t ypi cal
audi o si gnabf Mliwtsidnke bichns ReliNBone Ah afReiusShARBrodMinglesdliddopbiioon, the

audi o signal is successively encoded wth an information signal pertinent
to the part Fi&tAisPr i8¢ ke Reppidinginfprmation signa 36 predasghhe camprise ngs of the 25

respective inﬁrﬁ{aﬂa{;iegﬂdiﬁgsmlﬁ%ﬂ@fea@%z,rgﬁ&%%a&tia@!@hiﬁ,i&ﬂéht,sort]més eoverlap in
(6]

frequency. Nevertheless, due t he robust nature of the encodihg

net hodol ogy°r thaptistence e{opyaght. oxMisriiker Wdtemptiglye rregrdingrinforeation sighalt he
respective enmadednirRt 9%y Bhd Huasl gnals is tolerable. System 50 includes a
recordi ng facility 54; a broadcaster 66; a relay station 76; audio signal
encoder 8058, 70, Resaen®. is a gonygatiopakdeyisa forpecoptingeqncgizd apdip signadn@ 30

facility 86ypdnthidhbedhifth Whidh & suf ﬁﬁ@ﬁ?ai_sgi%utiﬁgtﬁgfxgﬁﬁgodg gﬁ)iahcia%f 1524 1ncludes

apparatus for receiVving and encoding audio si s and recordi ng encoded
audi o si gnaP® dlsseatiyely; aydisgienplrararder 63puawibe pwitici gntirely. Hocasiehesdi®003 WO
00/ 72309 P%@m&%ﬁi&fmﬁ% ai&,eﬁbéf%?dmﬁqu&%deagw{ e$ledfAk yvaRcoder 58 and

audi o signal recorder 62. Audio signal encoder 5 ceives an audi o signal
feed 52 and@NpRELHign HeK fh enmmunieniios lighéd extads betweentewrading faidito si gnal 52
Wi th i nfigr Mg hRibrsiddaak 685nd BaPiREHEE  B2a6AGQ L BwslegiR!, 60. Audio
signal feed 52 m; be_produc_e?i‘pby a.nyacoﬁvent ﬂ%%gﬁ,ﬁggél}?vga?egﬂgﬁ audi o

si gnal s suclirgsr Bbaroptichoneasion. anthedisar at us for reproduci ng recorded audi o

signals, or the bikg.Berqs £bigadaltind siRbh 8 SR knfelfll iRy conprises

60, 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



information regardi ng audi o signal feed 52, such as its authorship,

content, or lineage, or the existence of copyright, or the like.
Alternatively, recording information signal 56 may cogRisaba&MokYypPe of
data. 10 Recorder 62 is a conventional device for recording encoded audio
signals 60 storage nediumwhich is suitable for on to one
or nore broa cas%ggrs 66. Alternatively, audio signal %85‘}(’1’(% a?lg‘gl’may be
omtted entirely. Encoded audio signgjs 60 nmay be di strl but ed via

di stribution of the recorded storage nedia or via a communication link 64.
Communi cat | 1%;%&‘%?6& 06 R 1RE! ANEEHio sREATHL é(?&hl:ﬁ fe¥eived tfte2Nd

br oadcast er 6 an conprise a broadcast c annel . & v Cr owave link, a
wire or fi b@mfteétan@m@unﬁéétﬁiombroaﬂpa%dné6 pikerelastitio méreatigmigns] a

br oadcast i d pelak:l! urther
encodes suc 'SI S%O%gﬁ&nﬂ ﬁgﬁ% 1%1%061%@%%?%3 | #ggersfg]'tll ontlglllre%gﬁd"}c& to

produce a tWaNétaEmZﬁieubha&dm tlenfifigatidn cpde, onregaldmgdbicrretess thelarmg ce- encoded
audi o 20 si S ncl udes an
audi o oi na ondBediefaly ol BRRCR AR BRkclaifies FEAMGISEiled 1o,
recordi ng fmciplent(s) @meadweasigbaloqdhmlﬁteeﬁncmwmmcomm;ymod@ Br oadcast er
i nformation 0, dcaster 66,
such as. an TASHRF FEy TRk 3R0h b B OLHRL OB o SRR ALREgb RTTS S

such as t heaudicsignatidd. elrarsmissnapethedicstendsdetfeet ndayataiad Fa sid litdver 25 i nt ended
tncoded  autirBeRargE0GRTe {rpldfe ibnd MipickoS e ICANR of gl 00eS

tw ce- elﬁ:odqﬂ:ca:unheoum, grtht 1iKe2 . Optiﬁnalystmssmssnon pahm?nhy@maemimsth:et ween

br oadcast er ay station 76 nmay conprise a broadcast channel, a

m cr owave Itrﬁ'l}%nnass'Dvargt(l}a1 or fiber optic connection, or the like. 30 Rel ay
station 76 recelMesnafa;cvhty:&éenmmehhmwdccmlesmgimhgmsi fronmrbiapﬂattmster 66,
further enc t a td.Qon | n S|gnal 78, and
trans to ¢ fe s e ShEfenticlod AR RSLE et omhebBRe s Bhul PTT) 6o’ uia
a transm sslmeneﬁﬁxaj?xlpereesitmam 20038c mcmecstmwalmgmem/ Ifé@cﬁa’ sikdalBat h 84.

Rel ay statiogn 76 . Iude 0. audi 0. Sj ch recei ves tw ce-
encodedrliudl oalé?%lng & Fom ?ﬁneucdsc%"s ate%eé?acqu 56Prefay s'tnalPlgon i nformation

signal 78. dd?eadea”yr sbadticdly reprbducingtthad nigsal govahe MBnanrlisfeacrabloweeanibr i ses
I nformation aldi <9s1gna'l BYis stored upon a storage medium, listener facility 86 preferably

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



relay station 76, such as an identification code, or regarding the process
of relaying 5 the broadcast signal, such as the tine, date or
characteristics of the relay, the intended recipientisNo®dmbdreons! ayed
signal, or the like. Encoder 80 encodes tw ce-encoded audl o signal 72 with
relay stati i mation signal 78 to produce thrice-en d audi o signal
82. Transm 08ﬁ13§%th 84 extends between relay station 7 ﬁjﬁﬁq’]i“g%?ener
facility 86 and nmay conprise a broadcgst channel, a mcrowave link, a wire
or fiber 10 optic connection, or the liKke. q)tionally, transm ssion path 84
may be an qgf&&‘ﬁétlo% s1g}x51%§ﬁ‘ﬂysf§hﬂb‘? cBprise ;ﬁibéﬁa%ﬂeg&%ﬁx'%'ah&lé{ sighalf2AE1 ves
thrice-enco audi 0 signal” 82 fromrelay station I nTaudi ence estimate
appl i cat i on%; suchgs dnyaythorsdhin, content.ae lineage, o Hreadistthesof capyiighaar the i st ener may
percei ve angacoustic reproduction of audio signal 82. If audio signal 82 15
is transmtted as an el ectromagnetic signal, listener facility 86
preferably incl daaspther alikeate empagiment.gelay $t@teﬂnl7£¢ iy empttted remsystena®. si gnal for
the human |psLe0g r66|';¥? RIS é\glcb fencoﬁéﬁj%ﬁm%&'a 2 Brchipofk@hadeipon a storage
medi um 1istener aC| refera i nc es a eV| ce for reproducing
si gnal 82 ftrapsmiskien satbr’lég'éwhwnmedtneanemﬁhelabwpmtﬁsarfsrthesuch as nusic

i dentificat] & r§4t395} acility is

enpl oyed ra Jf% gnﬂ{}%}}g ﬁrﬁa%amgg hStag%{r?rgﬁFngB{ethe grg&] ity, the audio
signal 82 psyeﬂemrSé)bly is processed to recel ve the encoded nessage without
acoustlc 1 eprodugbhdfr of atQGIﬁLm{mt,%gmgﬁer%§#ﬁélay@ﬁﬁam%&rQr' ce encoded
audi o signal 82 as an 10 signal or, optiona an acoustic signal.
Decoder 188 utamto«ll&gmauﬂm SQ| GntidnaBly, co@funwatroadmk &f lsomedlﬁwd tpextendf t he
informatio d information
si gnal (s) g?ez&&ﬂg%%rcﬁg%ﬁglﬁ g’l§4ha%g§1%trgn g%’iﬁftfgég‘@é‘" C&p}reeélggrg\égagn a storage
medi um f or $1gltaé60 pesbawstm refaablyr avdto Smlayrecqrﬂm 62 ecovde eepdedifudronat | on

si gnal (s) Ve | e listener.
30 In an aln%%rfa?g g‘%?l gi%g%elﬁ{a,ﬁlﬂ? ‘e‘%{g?%etﬁgre%r&}n% déghﬁmepyac%thl&e%ﬁ]f romsystem
50. Audi 0 Shgptiinaf eprdERion demea&bsttnm@acllﬁm% er@dpdee thegndddedawlindi o

b ondcadt . BRI s ALGR obel QU RRRF AR B4 figh) 72500

PCT/ USO0/ 14057 1Fgure 6 provides an example 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



information signal 68 may further conprise information regardi ng audio
signal feed 52, such as its authorship, content, or |ineage, or the

exi stence of copyright, or the 1like. In another alteppalowegbiariosent,
relay station 76 is omtted fromsystem50. 5 Broadcaster 66 provides

tw ce-encodgeh Mg Signal 72 directly to |listener 86 vi %&hﬁ@bﬁ%sﬁﬂ on path
74 which is nodified to extend therebetween. As a further alternative,

both recording facility 54 and relay station 76 may be omtted from system
50. In another alternate enbodi ment, broadcaster 66 and relay station 76

are 10 onith¢ BAP DS arpreyisd iesdabito a@iilitp flpkotessig RBIN @At dnORultibRK 64 iS

nodi fied to_ext bet ween recording facility 54 and |istener facility 86
and to car r’?‘ggﬁggg)e"do‘gﬁaf"ﬁﬂeng? ﬁﬁli’g}ateé%’st“ﬁ F%E?é%‘?ﬁé"@ﬂr.‘mp?‘é"lnéf’%@oq% audi o

si gnal recdbtenmbR, taepdie RaeOuEldr caifing ousi gahudidcdppitya st orage medi um
which is thereaftter convec\éed to listener facility An_opti onal

86.
reproducti on devicE¥eEN AToRpdanes Witheertpin advagiesaus FohefimeEnts pidheressiled audi o 15

si gnal f& orinteneiosire iingRateEsli tieTinetiondPIek digerah 8f KEurd 0 Usitabiio E]?ﬁ’llOdUCt ion.
or use I n

Figure 6 prqui.des an ex | e of personal portable neter 40 T

audi ence es¥ ‘W@y%pﬁ?‘%gtgf' gﬁ%‘?be%ﬁ'éref?é'?‘é’r”g 3 herplify e code gunRdlng 92,
illustrat ed-edenvedlahﬂﬂh@.fmbi.nﬂ&,re&ba&éh@@di@sigﬁﬂﬁxaﬁllﬁgaﬁf@@&stf)ﬁ ddbi Ng it to be
carried on the person of an, audience nenber. For exar% e, the housing may

have the sdRFTYIsS commppicaiedigng ona reprpdpced steng]y Itmay/begdireessrvmed @3 i s wi t hi n

t he housi ngn2o1atiehlly buRa! stfhaBIFra6 MisbilGvihg A8GMRRNN cdnfedibAARAWRE recei ved
acousti c energy, including encoded audi oHlsi'gnal s, to anal 0(]; el ectri cal
a

si gnal s'9 TH&e 98 diyingFdt wHkPeapprseiated ¢ decgfierd 0 incapablenial og to

digital conwefiigdodayid aldifortioGhdsd hrrig8d@l the BhBats Hisdlost RALILaRHVLO0 @ digital
si gnal processor §DSP) 25 95, The DSP 95 inpl enents a decoder in accordance

with the present®f %edrdaydiosignalg infbs timg dofatipche desadesf 0G wansforny

pr edet er m nqgh §eeheso ke i) Gerdy dbiRaif B hdins'o?6 ShnéB6h 106, ThBGndlis! @Bhone 93
i ndi cating that_ the person car'rg%allng t he personal portable neter 90 has
e

been exposdUEEGLY ipesiogaedhy o Bressprimalenentang adfpst Fpuisiapnsfiarm so, the DSP

95 st ores (BFS) ihdhehl £RFcBSORhE BehsiHmDa SRbpaRhieRn bih Wil kGh menor y
along with an 30 associated tinme signal., The nmeter 90 also includes a data
transni t t erd#§osdun (WF TAypanbeemplayedin thspliemativeaAsyPtheler / r ecei ver 97 coupl ed

with the DSEhff-frehienchidamamitiah§biiRi6f tMBhonproRMaP eSecessary 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.



26 Novenber 2003 WD 00/ 72309 PCT/ USOQ 14057 16 the DSP 95 to provide its
data to a facility for processing such data fromnultiple neters 90 to
produce audi ence estimtes, as well as to receive insgédoviabhs 2008 dat a,
for exanple, to set up the nmeter 90 for carrying out a new audi ence survey.
Decoder s i nyap@eiance with certai n advant ageous enbodi mpairmistfiisbshe pPresent
5 invention are illustrated by the functional block diagramof Figure 7. An
audi o signal which may be encoded asl7descri bed herei nabove with a
plurality of code synbols, is received at an input 102. The received audio
signal may be aThasﬁmcttmsltloniambecanﬂ:tdmnbyaﬁigﬁalvﬂrmssonlsmhraisadt@dl signal, or a
reproduced SI al e a.direct |l ed or an.a ustlcally coupled
i nal - Fr SrEHEoEsT! G R e &P bERE RS s BT

acconpanyi rfgncdomfmg@ﬁexi ItOOV\Hbive\tm, th@ﬁmeztmnatlemay hRbd bé dsnendbcmndy:an 100 IS
capabl e of

n. ad jon t r r.anged he formats
e beed ep i bdnc REERdabiBRE bk b Byl e BRI B bl o 1 ¢ he
](cjecoder 51(28)éﬂe\1a_¢:1h$jandmyshamllgn@n@lltsr atppargﬂneaﬁanefqmei;hemeﬁtgr?lm bé ma?nls of a
uncti on e function per f or me y adigita
processor i'WBICHISRHPT Frgamnefuyet ?&%;Pﬂf%écrc{ef’ Jﬁﬁ%‘?ogrm 15 (FFT) al t hough a direct
cosi ne transfor Mhe ﬁreai‘ﬂlldfﬁyrhb’oanﬂfl@rpmdmbcdi)%ﬂﬁgﬁt&ﬁh 1110 arRskammlated gorit hm

WFTA b th | t t
E i me- % o- n??/ & g"ete n%/)md% ﬁﬁ?rlf’l‘g]’lafeasﬁ"sr?%rqe?&’E?B{ﬁgg %}5 ﬁyrrﬂﬁ?%\}??‘?ﬁ Ayrdkaedecessary

resol ution byrmeyflubamﬁrrmb omqﬂnicﬁlaplﬂmf ddibn 1l t&i‘aadvahtagwluk !forlti)hee appr eC|d at ed L hat
in certgin enmenf ati on e function ma o be carried out
ARG i RUPERL: SR B T T R A A R A ]
circuit, Ol‘syﬂaBM \Qldeeforﬂidlvhﬁdﬂs@oﬁﬂw\lfd $/mbols. FeOdampRry if @ giveh sﬂﬁwlcses. The
function 106 nay, al so be i le'gﬁ&[‘l }qwb&/cﬂ}ﬁg or nore devices |ch_ al so

i mpl ement GRS ETR DFYhese? ARG R FEVE [ YEE P ST ' Fi gure 7.
Thle freguer@mbdiou%Bjeﬂfce@pMﬁfdtoedxabdmﬂs @bg}jalhﬁadart@thﬁl’sﬁﬁeﬂ%més éflon@ osybol 25
val ues derivatio

ction 1 oduce a str nbol val ues for
bach code BSHEBIG ER RS o PhipRE R Jodihek SHEIT VARG pr oduced
synbol Al uRsuni@Me oﬁ@mfreSﬁiﬁﬁ'ovufgﬁhe §alid-foiscSrh@ad thedere@yalugower , sound
pressure |evel ’g%ggt}nﬁ&t'%dﬁﬁ %5tc?r\‘7'g§ gﬂyg%lé“r; It)rggéss%rrlesg&s;syagr over a period

of tinme, on an
which advantageously carries out some or all 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.



and may be expressed as a single value or as nultiple values. Were the
synbol s are 30 encoded as groups of single frequency conponents each having
a predetermned frequency, the synbol val ues preferabbWovepbaoos eit her
singl e frequency conponent values or one or nore val ues based on single
frequency comppens val ues. 26 Novermber 2003 WO 00/ 72309 JRGAfs 14057 17
The function 110 nay be carried out by a digital processor, such as a
digital signal processor (DSP) whichigadvant ageously carries out some or

all of the other functions of decoder 100. However, the function 110 may

al so bﬁ carried gfgmt% i adlow chpft fidrGaletoder &p@ﬁinfgh&oﬂemﬁmta@éag cir cgi t, or by

any ot her suit e vice or conbination 5 o evi ces, and may be

i npl ement ef"ﬁ?gﬁﬁﬁh?fg?wvﬂﬁa? fmﬂq?%?ﬂtﬁdﬁé’ mranhe f\?&?ﬁll’c hseteﬂ I'eREKided he

remai ni ng fgnGbiecanplicafionsie wilRs aaencoddd andihgesl [seadeivel irsanaldglforwal ues

produced by_the fﬂp&éion 110 are accqulaied over. time in an appropriate
a =

storage deViPEEER SFREGPS Ben Biskedip By Adpicrophene;(aip FI8P by the function

116. | n pardmbedinmht) ok BeRFukelvkon 116 is advantageous for use in 10 decoding
encoded synbol s _which repeat periodically, by periodically_accunulating
synbol vai ues f diedproderatFigyee SHispetipahsrheiented fdetestingspds it a given

symbol s  $¥PeRlRth IfVhichGhIudRY 8 pMralitSTpedad@mihbLrédubidyicoRpdrkdtsnBy serve to
store a streamof synbol _values for a period of nX seconds (nil), and add

to the stor®ed Sropwengs, WiHbIngdreapsperraggsfoi00Q He (30 Hea Ais desigird seconds

durati on, ssgpaih@atuy@@@éfeowméedagé/ﬂvu.gahels'éq@ﬁ@émétﬁiea iRFRrel3C WherdifPr OVi Ng the
signal -to-noise ratio of the stored values. The function 116 may be

carri ed!®buteasisyanbed pcppies grigeaabefone dglEsregad. dn figpexemplineembpdiasit-ageous! y

carries outjt RQERNRHA tak lhe @fmbd1et@biigits JrRal BAhoR! eAREAGESI ted 00.  However,
the function 110 nmay al so be carried out using a nmenory device separate

from such aPipflebEBingg freagspenspmpenetp renef dichdpwared vithjapy aesyeokircui t, or

by any ot hegt igOsyaibbot 2P 1 wiledd £pBrepiated REPIB R duRIB lcodl® WG 8adilppsl May be
i npl enent ed g%{%ggaratus ap fromthe nmeans, which inplenents the
1¥

ar
remai ni ng ¥ letsrt diffgent sumhes ofitede symbods. didiersptmunbsts ofynbol val ues
stored by toenpbHORd uRRrehl milosdyi@Resnd Biesl aiiidhCastiNCk icOpdfist 0 det ect

t he presence of an encoded nessage and out put the "detected nessage at an
out put 126. aTpRgedin qiffara fegusneyhinde carried out by matching 25 the stored

accunul at ed val Uggrdf todepr6 2 ¥8Fo1¢ @bBpARNES thSBSP repRhitifip carf@RhupSt st ored
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



patterns, whether by correlation or by another pattern matching techni que.
However, the function 120 advantageously is carried out by exam ni ng peak
accurul ated synbol values and their relative timng, 2¢6®Nokeapasfopsct their
encoded nessage. This function may be carried out after the first stream
of synbol v@giesdaps been stored by 30 the function 116 FpgrRby@bher each
subsequent stream has been added thereto, so that the nmessage Is detected
once the signal-to-noise ratios of thm stored, accumulated streans of
synbol val ues reveal a valid nmessage pattern. 26 November 2003 WO

0(c)/ 72309 dGhdib/SigaklL4fpohetBin ietieigbsihos of tiid code frbwehcylcompanegiecoder

according tp one advant ageous nbodj jrent _of the invention inplenmented by
roans of Ja DEb EeR L A 0o gy s Forrbis SLs S COPBR b ch t ho
gncoded EUCﬁx@rnﬁi;giiﬁ|to ndiselof @R hividélsipiel afnpopent] 1AE BNR if Wpa@ﬁaﬁmlﬁmitémere it has
een picke .mcr, ne (as ipn Fiqure 6 5 enpod|ne or an RF
recei ver. %ﬁﬁ@%‘b@@e“&f@%ﬁ%& einsg?ﬂﬁﬁs W@?H’rg"?/' ”&B‘I”'ﬂgi‘&é‘%%% for
detecting cagemusywaiehtybasdlectdd. Whi ch includes a plurality of predeterm ned
frequency conponents, _e. ten conponents, within a frequency, range of
1000 Hz to 3000 15 emSNRK %g%eé‘gli‘%ﬁﬂf‘d OpEPrrdingia ok yret wiieh maghe sage havi ng

t he sequencgredeht, s lchrabigel toforr Gaibol SR WHaKd A stére@ AL LigHIEPSmbBL CUpi es an
interval of_one half-second. In_this exenplary enbodinent, it is assuned

. t . y .
that the syMoPuidatasduhietadrn sige 19adilnstyRbiphematcaininigirag tren
predet er M n@gtahBMU@ERSHs,CRRA BRREsTor 100G 9hb¥r&8mbE 20 Bthowkt h any ot her
synbol _of the synbol set. be appreciated that the Figure 8 decoder

¢ [t will
may realfl | yotbz waypeff ombininedhe VB mayibe FPNEd- nunber s of code synbol s,

di fferent nunberss igdicatea WATRREONhSsyndhof § R &T6r SYHTHALe SRALEHEBSs and synbol
durations, as well as conmponents _arranged in different frequency bands. In

order to seParhi-e FhEosgd i1 B SRRl SYROMTET asseparatisqpasEsatsyiPbehr ri es out

FFT's on augiiRr f&ieadFIsRF0 Bsrh.ah kéfibe vmada'ﬁfbdﬁé&qﬁgﬁiswnmlﬁd@s&ﬁm ned
intervals. The intervals may overlap, although this is not required. In an

exenpl ary 280k BT HEPPE! SYR RubrepsvasymaehSHERs ate combined ithdhe out during each
second ¢f dgeeRERy stRBEVAIsOR-dehei6RT BHIRa! Y, the energy of each synbol period

falls within five FFT periods. The FFT' s may be w ndowed, althaqugh this
may be omitted i Whesythesymbgl SNR buffer is filled, this 1s detected in a step 146. In certain
advantageous 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



simplify the decoder. The sanples are stored and, when a sufficient nunber
are thus available, a new FFT is perfornmed, as indicated by steps 134 and
138. 25 In this enbodi nent, the frequency conponent vabhbsember 208duced on
a relative basis. That is, each conponent value is represented as a
signal -t o-novaewr2amdi o (SNR), produced as follows. The engefisishdgyt N each
frequency bin of the FFT in which a frequency conponent of any synbol can
fall provides the numerator of each @0rresponding SNR Its denom nator is
determ ned as an average of adjacent bin 30 values. For exanple, the

aver age of Wﬁlﬂbwelgﬁélgéﬁgﬂtm é@ﬁk@drﬁhﬂnmgdlbg fhcenvighipd SN sieoproduaya be  used,
the | argest cyldiRoPbyk Bay LA nOERD erlog%?{h%qud orfi ke LB BYQ! fld e
i nfluence of a possib ar ge |n e val ue cour resuTt for
exanpl e, frPcEss lmm@mrgmwemmmmeﬁﬁmns@mmmh sybbon audi o

si gnal conmpg rg&l}ﬂ,re g . enc ent.

Al so, given ?lﬁ%t%m fgTéair%gléa erner gy v%eﬁ’gg{ﬁlg‘ gﬁg%lé%%gg?enioﬁ fﬁ’é%gg

corrponenﬁ bﬁﬁmW%ghiecbardr?FM@mdmuqe@wmpsmoorSWanWpers;ﬂgnaherca)nponent t he
SNR i's appr gpfAlS GNGE t g SNR=>6. then SNR is
limted to 6.0, @ a 1%8%10& a §p¥ l'égeéj "{Hngﬂ?r?am rru%l\?taf‘lwt}l %R‘;% aE%F ®cted. The
ten SNR s ofn E@Idh?onﬁﬁﬂﬁsamdalmmaeesmmdbtaged @nmmnﬁﬁhmhom thugieds. be
present, ar h are stared in a circular
symbol  SNR 09{? ‘?JP &Eegléﬁ e?l?l{fg% e%} ?gd ¢ recf}iefméc% YRSt P%rteé‘amgléherrati cally
in Figure 9¢1thenmooee¢rtlas thae filve SNRismay, betchmbmemtiﬁmﬂias bt esmbingi wigibusynbol are

sinply ded... ot h yS of n| ng the SNR s may be
enpl oyeg.g Asq’ell ca’t{g%nt]) qTf'GOIlI}rle"e Efrhon' °§NR‘ s for each of the twelve

synbol s A, B andfté-tbg coarmen%cﬂi\ﬂdvalubsﬂxhﬁa }Eyllirﬁﬂhmﬁ,\lfheb?d&fdexr exagirgepar at e

sequences, NR for _each FFT for 50 EFT's. After e_val ues
produced i nﬂ{gﬁg%ﬁg?ﬁ%—‘ S vﬁ%’\f/:séfoﬁéglnessag? B i%%ﬁ‘@@f?ﬁﬁ?‘}%m ‘Bﬁ?f er, new
synbol SNR snd$mareloniich @mﬂhhmlfdrmaﬁ& ) bhmmed; siieyieedidaf atbmpé tol eaect as

described b SNR this is detected in
a step 146. ﬁ{%aksy\?g}%ﬁltag qbgjgclaeo“ﬁ’ %8%%‘?{{3& oyf%ge?ﬁe?ﬂ"r@&h s are
adj ust edSt osyretehl rethe fisst sagfdemsmdme(ﬂ:rresponchmg data §yntboEip tHeEs%corﬁls‘éé‘iﬁHﬂgh this

tep i t . | o_thi t , i
val e 1 obP eyt PR B uRVRA SR R rptel v Rt g s afe "' 5

detected and the same offset 1s 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



20 obtaining the average of all stored synbol SNR s in the respective row
each time the buffer is filled. Then, to conpensate for the effects of

noi se, this average or "noise" value is subtracted fpeMNoeamberdf008he stored
synbol SNR values in the corresponding row. In this manner, a "synbol"

appeari ng omnlonobixef |y, and thus not a valid detection, ipgraramaged out
over tinme. Referring also to Figure 3C, in order to avoid 25 inflating the

noi se val ue at the decoder, preferabl¥y!the encoding schenme is constrained
so that the sane synbol does not appear twice in the first half of the
message (i .moducedvireaildeddy thbed alsedyue theeirBiar Wifer. She n8B¢ adidstmendf t er t he

symhol SR 50348 ceed o b ok SUBLEASLARA d RSl aliEY Slucnt e

decoder attenpts to recover Ram ni ng ern of maxi mum
SNR 30 val agas:. iThistpnecekrié feepattd’noahmtoeﬁy mﬁﬂ arlhﬂssagelstthteuedarﬂn(lhh ments, the

maxi mum SNRa%glaH%sP_fe% oc%?sﬁﬁa aceg{edg{{ieﬁ ﬂncﬁ %t ed ﬁﬁlf‘ﬁr ocess of successively

conbi ni ng groups 8 the values in the
sequences i n propgowtli hmappaertt ifmm’zrﬁe Nme@nigem nﬁeﬁﬁthc \Mbrﬁlibh&ﬁﬁgle&ﬁ?ﬁi UsS00114057

20 sequenti gl ightin 0 10 ndthna gthewe hted SNR s
to produce %’p er\({:%rﬁ%glrﬁh%%ﬁu(c f(:te‘:h eesrsal > IS YIping 1SS dld’@ﬁﬁ’g’&“qu CPHE third SNR
i n the sequéddtetion, Eli,svithputaiepatng ﬁomarerscqﬁotﬁﬂteppafsagﬂmmonelliyrthroughout t he

fifty FFT perlosof ea xanp r roup of five SNR s
for The » At StlRisoin S Rt FPTorw BRERY o ods iy of8i%inka haded <o
produce a cmmaga son SNR for FFT period 3. Then a further conparison SNR
is produced usi s fr FET. peri o on unti l

conpar i g(gn val uggg 3%1551 Oﬁ’%ﬁg%’fﬁgalhgfé{w@gﬁfcgf lr'lgﬁﬁ'aﬂ'ét?‘fe ds 3 through 48.
However, ot mnmmnSemm:;hMt Hkewiseieg lchented Bg meafsldﬂg Hshe Thea&ads of For

le, ejth SNR th b
coni ned wi IDTCOTORETUNAR P I e g s TR e PRSVRBE | niar

fashi on. Af tesistilpofeongplrisgabol Siwea by Gair Bay eyriietswiedinethdf tiehe decoder
exanm nes the co I‘IS or a attern. First, the

SSa
mar ker code &S558 %fr?d’%@ﬁ?gprle%%mq%ﬁ%% E‘i’%pof’?‘ﬁt%‘?"r‘?ﬁ’ﬁ’ Bn is
obt ai ned5 thﬁaﬁiﬂﬁﬁ‘dﬁé—hﬂfﬁe@d&ﬁﬂhﬁ teGndeige edquedch eIt pemkiindfithd: BechdginBols y nbol s.

The use of a redet ned. of set bet ween each .data 1 mbol in the first
eqment. and CHECERES BE KB RO HRFS Y RBOTTR Aot et LESBRT ERARUNES provi des a
check on t heveha différtiyt spihbdiha, Hah@0bed inessedeof Flgvad 30.SHowdveh@tich markers are
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



detected and the sane offset is observed between each data synbol in the
first segnent and its corresponding data synbol in the second segnent, it
is highly likely that a valid nessage has been recei g6Nova@bda003r ef er ence
both to Figures 3C and 9, assumi ng that the beginning of the buffer

cor responds wa dol2dolie begi nning of the nessage (which usuag({.r Yoshoi4pdt the
case), a peak P of the conparison SNR s for the "A" synbol shou appear
inthe third FFT period, as indicatezk Then the decoder will expect the
next peak to appear in the position corresponding to the first data synbol
0-9 in the ﬁfegﬂatohbﬁ%nmramdle likn, thd'$SR 2R, Eeourgh Fe 5 dré cdnamaea nednd hat the
first data s%r S "13" the. |l ast data % %@é %the val ue of
Sis 2, the* 8@388%1Pgmﬁ’7s°ﬁ}}‘?d'ep§a “SHeet Re éyrﬁ&om cd SNRp@iEesar j od 48,
as i ndi cat esiNRjnFi guzseanonbﬁsthe nessage is thus detected (i.e., narkers
detected w th data synbol s appearing V\/ngre expected and with the sane
of f set taroughout), as indicat ging egs 162 and 166, the nessage is

| ogged or output and the SNR bu i's 3D cleared. However, if the nmessage
is not thus found, rth r fifty overla pi FFT's. are carrled out on
the fol | owi ng pdtEPEims eﬁf ebHéS‘ ERRTisBowWd R mélﬂﬁgwsrfé asighpjdntersply anls o 26
Novenber 2083 MR feksit? ilerlASIhald05ch 165L, A8 adusesiAcBraddadc.d 0 those

al ready in ttjée circular_buffer. The noise ad ustnent process is carried

out as bef offeheseabineg SQEcYriRes a’i&t‘?@%ﬁ? ke ‘El‘éffﬁ‘é%'&t thisi¥entessage pattern

again. This proangs tHe%oﬁﬁEz@@Bﬁﬂ VaRBS hate Beks! détehinkd, 1R (BRRAGReckShaet ect ed.
In the alternative, the process nmay be carried out a limted nunber of

times. 5 ItPagitop opthe §Bﬁ'$ff Smbal’ ISB?ﬁktaﬁ@‘dfcéieéﬁﬁﬁﬁg%’@‘%&NﬁWﬂ“ﬁ%ﬂ@perat| on of
t he decoder derfePBedits Smid! bdiBerth brked b fhe afarﬁekr@ pPBEGAGR thel sk JdilsNY, LS
signal path, the node of its detection, etc., wthout departing fromthe
scope of th%f B‘f@é‘éﬁ?nbf’ﬁventl on. For exarrpl e, |n pl ace of storing SNR s,

FFT results may diReteQhdbholinkaifilid Boeh Qﬁm@@tagﬁlmcagdﬁlstéﬁésgﬁaﬁnsé%ﬁ gure 10
is a flowchart for another decoder according to a further “advantageous

embodi néht PFRRSH IS osssn 1Nl theembediprentoffigmre Sths bufferdeieet of Fi gure

10 HLS I especkiadréd/ 1a6aHa! 86 atRdgabRs h fiftHeLRES SNI@’s SLRUSNES RA cdtiMifesCOde
synbol s

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



consisting of a marker synbol followed by four data synbols wherein each of
the code synbols includes a plurality of predeterm ned frequency
conponents and has a 15 duration of one-half second i p6NoeemibaA08
sequence. It is assumed that each synbol s represented by ten unique
frequency cogeaegs s and that the synbol set includes twehygR |5Eerent
synbols A, B and 0-9, as in the code of Figure 3C. However, t%e igure 9
enbodi ment may readily be nodified toietect any nunber of synbols, each
represented by one or nore frequency conponents. 20 Steps enployed in the
decodi ng prihieé sofar inkdribsd 4nd b @ehiribreidhit hirealsl Bepdihie dete@idng BEPOGCIWE O t hose of
Figure 8 are | ndi tﬁg&@% th sag$ reference neral s, and these steps
consequent |57 EP@ e ISed opistyot aghanne &-10 enbodi nent uses a
cihr culba][f buf 1;] er Aéllhb@é‘l\fliliﬁstrhﬁ\@éﬂﬂm&ﬂﬂ&ngbiitﬁﬁlp%erbmvﬁﬁﬂmﬁﬁa_ nﬁeﬁﬂi&‘as' Ongh OWCﬁ
t he uf fer has_been fi W, ch replace what are than the
ol dest 25 ShsEHR aS‘T\tF?eQQTSﬁ'é'%Bd I ﬁef@? ]}‘/eé?f" 16 f %Wg?rétf’o% y1his yeptiqn een second

wi ndow &f Sy ABdimite3NRh¥lprRise eMbodimehts aldafodificabb@Pankifiat ot@E€ the circul ar
buffer is full,,. its contents are examned in a step 178 to detect the

presence of™pdilicatipasand sanationsinpy becgiieatef fherein pme SKilFd @rthe et £ Ul |

cont i nuousl depariflg frb@tthd a6peall ERKTIRAINGNIOH asdeBRedlABhETpecRRdcar ried 30 out
after every FFT. Since each five synbol nessage repeats every 2% seconds,
each synbo“ﬂmF%peats at intervals of 2% seconds or every 25 FFT's. In
order to conpensate for the 26 Novenber 2003 WO 00/ 72309 PCT/ USOQ 14057 22
effects of burst errors and the like, the SNR's Rl through R150 are

conbi ned by adding correspondi ng val ues of the repeating nessages 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 nmessage intervals will have been

| ost, and the essential characteristics



of the conbined SNR values are likely to be unaffected by this event. 10
Once the conbi ned SNR val ues have been deterni ned, thattevwter20§dt ects the
position of the marker synbol's peak as indicated by the combi ned SNR
val ues and derives the data synbol sequence based on the marker's position
and the peak values of the data synbols. Once the nessage has thus been
fornmed, as indicated in steps 182 and2483, the 15 nessage i s |ogged.
However, unlike the enbodi nent of F|EE§E§38 the buffer is not cleared.
| nstead, the decoder |oads a furth f SNRs in the buffer and
continues to search fOf@mTESRaLe AfedeRnhilel HESALRImRY ofh PifaByS, 1t will
be apparent fromthe foregoing to nodify the decoder of Figure 10 for
di f f erent nessagezesymbds emesidediess agho digmd, sgaprisgiggnal 20 pat hs, detection
nodes, etc., without departing fromthe scope of the present |nvention.
For exanple, the npsARS far reeRivingan qﬁfl’ﬁﬁf%ali’é)“’éﬁgéﬂl“ﬁ%lﬂtOfrﬁﬁsaﬁ%sﬁ@ﬁlsaced by any
other suita LCe. j . QH%] .varied; the
si ze of the%%l\ll%[ﬁ\ga u %rgt\%&'%]o g%ﬂénlg?§ egvggrollste ‘?man g{r;lhﬁ}e{e%@lrﬁ)ol repetition
time may varsignal iNepoduded siditay tief plaralitg of Bkdsi)@ sabblShedisl dagtamegRBhin®NR S t O
represent the respective 25 synbol values, a nmeasure of each synbol's val ue
rel ative t o Predeteripeskmessngs pod luralityohends symbnls, heprgsbierminedragsidghg of each
possi bl e synbo{)(;l%e in. certa@ Q.advant ageous

u

. it w18 1 nst d
enbodi ment 5.3 %%Iﬁa’ %ge\%)?' :f%s[t :"“gnse\g/\?a{‘lgccu 6?5@3%16318?13?’]33? Ut

L in audi ence

neasur enent JispRIN it ik QNGe allid SRl WiviehtYeak@ne oddUPRES! rQfesBRBgage i nterval s
are separately stored to 30 permt a retrospective analysis of their

cont ent s t o diférant oneeof teammssige ssmaholpebeing mcarpotabedrin the pisbielsigmehend nul ti pl e
buffers are enpl oyed, each acc |ating data for, a different nunber of
interval s fé’P%@’&XWH?%@“ﬁeé’E&ﬁ%aﬂ%ieﬁ 08%355?"&8]% S. For exanple, one
buf fer coul d stong.a §} RSLEIIRISFEE s él%l‘débftyélﬁﬁf&ﬁés jaccunul ated
intervals, a 26 Novenber 2003 00/ 72309 PCT/ C7/S00/ 14057 23 third four

i nt erval s angraedtogthepraieghtinedrmesapalsgmbdbepbe #tenddizhachhensthbased on t he
contents of each buffer are then used to detect a channel change. Although

i |1 ustrativeORbEUE FERYS represerias pratdperminianisrash sarieledii fi cati ons
thereof have been, AeSGf L AGthildthd&b Al €REE M sbdonk Sieha? vifes PGPt 00d that

this invention
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



5is not limted to these preci se enbodi nrents and nodi fications, and that
ot her nodifications and variations nmay be effected thesNoventyr 202 skill ed
in the art without departing fromthe scope and spirit of the invention as
defined by the appended clains. 26 Novenber 2003 24 CLAIMS: | . A system
for decoding a predeterm ned nessage synbol of a plurality of nessage
synbol s enbedded in an audi o signal, 2fnprising: nmeans for receiving an
audio signal in which a plurality of message synbols have been

i ncor por at edtebcamponent prustead pgdicinghvicsondsigntlyalug bsedonhe secemseudi o
signal isr ibly, the plurality of nessage synbol s being

cont ai ned mﬁ?ﬁ%ﬂ%gggﬁﬁézéternined nessage as a plurality of code synbol s,
the predeterm ned. mes Sﬂ@%}steﬁﬁd’fbﬁim beimeein P rRseRE aRaddYs ddefasive ®@Nd second
code synbols incorporated in and displaced in tinme in the audi o signal
with at | eastceiynplutabents of Windhend seeqnd eedarnignalg, cach ¢t feprspeniing ameregifvet he message
synbol s bein rag;g%ed in the audi o signal and Eositioned intinme

inc .
bet ween theog‘??satp?'ﬁ BEHEC OO ISYIBBTSS © MESiES e 3 QLR g a first
si gnal val u@cc{ﬁfancre%hfdh{g% lefPH5 AHRB A mbdI R £38XMonBGard BgntRl, afdet er mi ned
message synbol and a second signal value of the second code synbol
representing the predeterm ned nessage synbol; and neans for exam ning the
accurul ated first and second signal values to detect the predeterm ned
nmessage synbol represented by the first and second code synbols. 2. The
systemof claim1l, wherein the accunulating nmeans is operative to produce a
third signal value derived fromthe first and second signal values and the
exam ning neans is operative to detect the conmon nessage synbol based on
the third synbol value. 3. The system of claim2, wherein the accunul ating
means is operative to produce the third signal value by linearly conbining
the first and second signal values. 4. The systemof claim2, wherein the
accurul ating nmeans is operative to produce the third signal value as a
non-linear function of the first and second signal values. 5. The system
of claim2, wherein the first and second code synbols each



conprise a predeterm ned nunber of frequency conponents and further
conprising means for producing first and second set s2@Nowabpoi®ht val ues,
each set corresponding to a respective one of the first and second code
synbol s and each conponent value of each set representing a characteristic
of a respective frequency conponent of the corresponding synbol, and neans
for producing the first S|gnal val ue Based on the first 26 hbvenber 2003

24a set of ent val ues r odu ond value based on
t he second sag u%? 1 mean(%ﬁseorli’ ray ﬁ OQC mgfé{e'ls%s DPFTS aélgns%z ncsf1 a?vai *wher ei n t he

receiving rr%acnﬁs@na vaRe E@Ebﬂ&p&xﬁmg&@&félspé@tlx}%| dné af thé Qo Pst fuhd s%&onan d second
code signals, each set representing a respective one of a plurality of

message Sy ntwodif&ﬂalals andjodudisg aﬁlﬁ'esg’ab'GﬂWatwrcﬁgntalgph@detcedfmlmtbf trequence
including at | east one rker s%gbol t | east. one daaﬁﬂfynbol the 26
Novenber 200%PE Ve eqoe sigil 8¢ P2 i Va EFRISSTLnE e secopdhendssigdet s of

first and Sft‘EéP&‘i'an?dtH@éJanMﬂgUrﬁéns 1s%?é}§hv%'t(9@é?éct %@hﬁ?sa@@éy &E%Etlr Wp3poONding to a

respective one of the sets of first and second code signals and including
a first si gmpadsencabftae me:;kemymhmlblagdtohas fipiied valcodearditgdadet atfledstme r especti ve

code signal set and_a second signal val ue representln t he second code
si gnal theﬂé@ﬁy%?iﬂbﬁsﬁéo%ﬁaﬁ?t?ﬁt‘%@f‘ﬁé‘&ﬁ§ fthe mapker wrabgkard shedet ect t he nessage

by detecti nge{rgg?ndﬂ{g%?egﬁ%lugget%ﬁ E@E%p%%gﬂg%@zased on its signal val ue

set and to ast one y on the detected presence

of the marker synbol amdsjste ofeRih €SPRAGH hE ascuBiRling/AbeisDetrafe tb he at
| east one data synbol. 7. The systemof claim1, wherein the accumul ating

means is opetozt thg Erst and seqond egnchealyes rand tf@rﬁ?ﬂa@e@ema@igmaﬁvatm@t and t he

exam ni ng ns is o eratlv o detect age s

oxan ni ng. boRFBRERAE PR Pl SEuGR bolbg ik HPRLECS EHSHEPR: e of
claim7, whereingthe aggsathalflcREn TRARSeik ﬁe@&%ﬁﬁiatn‘{gem&a(ﬁs 1szP&Q&k%Qot he first
and second si gnal val ues based on nultiple other signal values. 9. The

syst em of clpaidere@he fitseandiserondhggdal vadies bmdd sewoitiglestignsifnal sdlupes are produced

fromrespective sets qf tine ced signal val ues h of the tine
di spl aced si gnal “val ue<® g éﬁﬂnf‘ gvher T%ﬁg“%?ndée?oégﬁ’%qv%léesc?ﬁee of the

first and seconth RAARRUNRALS oAU NGIREQERE SRR L AT i TEnper | 0d ther eof .

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.



10. The systemof claim8, wherein the first and second code synbols each
conprise a predeterm ned nunber of frequency conponenf&Noeambef 2008her
conprising neans for producing first and second sets of conponent val ues,
each set corresponding to a respective one of the first and second code
synbol s and each conponent value of each set representing a characteristic
of a respective frequency conponent off6the correspondi ng synbol, and neans

for producing tth.fi rf[%le @sgﬂlaclfgﬁﬁill ?Fg%\%gﬁomg)ggﬁéggagué{ﬁlsgtf%rt eest stgz]; conmponent

val ues and produci ng e ‘second si gn u e second set of

conponent  Vvaliapesi.to BdcarrddddnsheieRth 6f anGhditibe InembBGE infRaksTr tr@AGRKIHgNY MEans
conprises an acoustic transducer for transducing an acoustic audi o signal

to an el ect thestdredsdatgfar use inmoduging gudi¢nse etittiatss-si gnal having a plurality of
code synbol s represent,ing,a plurality o nmessage synbol s _coppri sing source
data for the ac_od ti cAa’B%}‘%d @f‘gﬁ‘i&‘%‘?g %Wﬁéelt‘ﬁ?‘{“ﬁ‘ifngss diohg ParaliBhory foor
storing lndlo@éﬁads@@ﬁsyﬁﬁol@%&?&r@t‘éd[ﬁ%%ﬁ&@si%ﬂﬂ%h@ﬂsiﬁg@ Novermber 2003 26 12.
The system of claim 11, further conprising a housinhg for the system adapted
to be carried onr¢cheingensalio fnahin vetuch sephaelitpeftesagrdmbmanse badh

transmttin the stored data for use in producing audi ence estimtes. 13.
A et hod f o QReRLRYIE that the BgsspasSRohelsarieadible "shihspudie signabisyr al ity  of

audi o a1 gual GG B Bl el Sk RRhe G PRI oo Y M
i ncor por at e@redeterntigdd niddeagemsa@elits yhiak Syniols, the predétbinenddheRsabbe audi o
signal is reproduced audibly, the plurality of message symbols being
cont ai ned wisY'Rkah being ypieseratcd birifire andrsecyd gedegymbolpingeradrpted irgid code  synbol s,

the predeternned.nessa nbol . bei represented.by first and second
code synbol & lﬁ(g%ruﬁ)cl)lpaf ege ?u?‘i%asﬁ%wl ‘ﬁlﬁ]sag?eﬁ%té) elcorﬁlef’(rﬁ%ol f%rcfﬂ’ém%ﬁdi o si gnal
with at | eagiffepmeorelitiesiRiags sy@BlsBSRR idchPordted S the BikNdigRNMmdOf the message
synbol s being incorporated In the audio signal and positioned in tine

bet ween t he pfditiaped arfneshstyened thedide andsebaidsodesywbotsl ating a first signal
value of the first co S ol. r esenting the redet erm ned nessage
symbol and a ;ecS?Fnggg%%/%hﬁ‘%’éF%ﬁ“etoﬁ egléfgfi?f}(}s r"é"?‘rf'B‘B’Ingrtlf‘zepre.senti ng
the predet epfiiggthifRSHaa: e%ﬁ@p&ﬂﬁa%%m@mloal{a@ofttﬁl@se@&ﬁlwa&s%s&l first and

second signal values to detect the
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



predet er mi ned nessage synbol. 14. The nethod of claim 13, wherein the step
of receiving first and second code synbols conpri ses2d NavesthercdOg an
acoustic audio signal to an electrical signal, the acoustic audio signal
having a plurality of nessage synbols conprising source data for the
acoustic audio signal, and further conprising storing data representing
indications of detected nessage synb’Mas 15. The nmethod of claim 14,

further conp trans t he st ta for pr oduci ng

b ence. oyt Bdnt HERSRa py i e iad et onGoS o Bt ET M iRE rescage
synbol of ad&bHE&lllhE%euﬂBemm@%@m%aﬁoh@%%@ﬁﬁlﬁﬁ%rés&nﬁ@aaUd'0 signal ,
conprising: an input device for an audio signal 1Tn which a plurality of
nmessage syrrtdnﬂ"esenthmxﬁtlbemssagmgmfbphrb%gmcmq)oﬂmatnmhmdumgag@dsynbol S are

i naudi bl e when .t he audi o i s reproduced audibly, the plurality of
nmessage syni?B?l%O‘ﬁ@f“rfﬁn%lt?HYe&Pﬁ”@d-‘rWdrﬁcFPnéCo‘iﬁséﬂlé? l&refined nessage as a
plurality of cod 2003 26a
synbol bei ng rep?gled§ nt ela&%SOF'E%OBﬁ%%{%é?&@%l{cr@ggagc%r%%%cgpﬁtﬁg%%orat ed in
and di spl aciegefiom, tHeByitalprédessotbiiligprodr@nded tdlatdumalatd Lasisiganieamede synbol
representing a different one of the message synbols being incorporated in
t he audi o sw@wpntbza@efgwpdqsmb@anﬁhaﬁqcemim repieserfting $he segpdd second code
symbol s; and cessor i Wi th t e i nput device to

receive the 3%?'% %&ﬂé‘t%’rﬁceﬁsﬁrbeﬁ‘ﬁ%ﬂmprﬁg%%gls B BEPREpr ogr anmed t o

accumul at e @cdunfufiltedFirdAAd se¥sHdWRnalVERESS QB G driiRicbhih&d m&esle synmbol and a
second signal value representing the second code synbol, the digital

processor bejymeplf urt her progranmed to exam ne the accurml ated first and

second signal val det ect redet ermi ned nessa nbol. 17. The
system of cl ai m 16 \/\h(ter?%?)ﬁtef“rfg faﬁbﬁgwa%rv?éf& TS & E%i?g‘t‘ﬁtlﬁ

transducer ftﬁﬁsdﬁéﬁ?%%dﬁﬁngaﬂ,a@&ﬁﬁéi dfo, Sl t8 b9 Aal Lign a? s Slfshé' cal

signal, the acoustic audio signal having a p urality o de synbol s

r epr esent i ngudio pilue] dhvingya ifrakitg sfage sRboavgedenting20daldy of mywdpel s conpri si ng

source data for the acoustic audio signal, the digital processor having a



menory for storing data representing indications of detected nessage

synbol s. 18. The systemof claim 17, further conpri sing doRays&i20g for the
system adapted to be carried on the person of an audi ence nenber and neans
for transmtting the stored data for use in producing audi ence esti nates.

27
symbols comprising source data for the acoustic audio signal, the digital processor having a
memory for storing data representing indications of detected message symbols.
18. The system of claim 17, further comprising a housing for the system adapted

to be carried on the person of an audience member and means for transmitting the stored data

for use in producing aundience estimates.






