WO 2011/ 154722PCT/ GB2011/ 051042 1 SYSTEM AND METHOD FOR AUDI O MEDI A

RECOGNI TI ON Technical Field [1) The invention relates to audi o recognition
systens awmdmtisents for the Sautomatic recognition of amdir@GBredisi@oent ent .
Background [2] Various audio recognition systens and nmethods are known for
processing an 10i ncom ng audi o stream (a 'programme') and searching an

i nternal database of nmusic and sound effects ('tracks) to identify uses of
t hose tracks w thin SHe8TEWANDAVMEEHOD FOR AUDIOMEDIARECAGNITONMUSic is often
only one of the layers of audio of a programre. One of the chall enges for
audi o recognition is to recognize the identity 15 of nusic even in

Ci rcunstanch Wnerg.tlhere are other layers of audio such as sound effects,
voi ceover, a“af%'iné(f?é fe%tc. that occur simultaneously. O her distortions

i nclude equalisation (adjusting the relative overall amounts of treble and
bass in a track).,, and chan of tenpo and/or.pitch. 20[4] So audi

recogni ti o'k ech eqﬁggméﬂnegﬁﬁt%amoﬂucg? r"SECEqrg'}'O@a?R‘»?rﬂﬁ tmgmi?gﬁr%r 3@? ghbour
search én calteruhtad redodratidm of aludieamettia bgntantst andard al gorithm Were the
space being searched has a | arge nunber of dinensions, such standard
algorithns do not performvery efficiently. 25[5]An article entitled "A

H ghl y Robusackeélined Fi ngerprinting Systenmt by J. Haitsma et. al. oy Philips
Research, published in the Proceedings of the 3rd International Conference
on Music Information Retrieval, 2002, describes a nedia fingerprinting

systemt o ggnpangsidus huamdeoPRiodyStembihdanhbtnele afetwnep pidedésing an
fingerprints of a |l arge nunber of nmultinedia objects, along wi th associ ated

3 H g 1 ! 'b
met a- da¥a REPIHES éPd'ﬁeﬁﬁ‘é%‘f (aaP’iOQE%'T‘m?? #ne sgarghiny Eﬁr‘r’j‘teﬁ}aé daiggresyfi Rusc
dat abase sugiy dodadl etB&s {raQQNAL idehfyLBEY 8f RSsdtadkRAfhit BielpheyraRing: dat a.
Unidentified nultinmedia content can then be identified by conputing a

fingerprint and using this to query the database. The article describes a
t wo- phase sgpr chnajhgofdal WBridhahudis i®asted My ey oPakd QayEOGbff &ldic of a

1 . - -

fingerprint conparisagns at candi date positions pre-selected b¥ a
sub- f i nger ptrpgr@mMme. One of the challenges for audio recognition is to recognize the identity

15 of music even in circumstances where there are other layers of audio such as sound
effects, voiceover, ambience, efc. that occur simultaneously. Other distortions
include equalisation (adjusting the relative overall amounts of treble and bass in a
track), and change of tempo and/or pitch.

20 4 Some audio recognition techniques are based on directly carrying out a near-
neighbour search on calculated hash values using a standard algorithm. Where the
space being searched has a large number of dimensions, such standard algorithms

do not perform very efficiently.

25 8 An article entitled “A Highly Robust Audio Fingerprinting System” by J.
Haitsma et. al. of Philips Research, published in the Proceedings of the 3rd
international Conference on Music Information Retrieval, 2002, describes a media
fingerprinting system to compare multimedia objects. The arlicle describes that
fingerprints of a large number of multimedia objects, along with associated meta-data

30 (e.g. name of artist, title and album) are stofed in a database such that the
fingerprints serve as an index to the meta-data. Unidentified muitimedia content can
then be identified by computing a fingerprint and using this o query the database.
The article describes a two-phase search algorithm that is based on only performing

full fingerprint comparisons at candidate positions pre-seleéted by a sub-fingerprint



2 search. Candi date positions are |ocated using a hash, or |ookup, table
having 32 bit sub-fingerprints as an entry. Every entry points to a |ist

wi th poi rwersiitid42he positions in the real fingerprint PCItGB20t14058042he
respective 32-bit sub-fingerprint are | ocated. 5[6] However, there remains a
need for an apparatus, system and netho@ for nore efficient and nore
reliable identification of audio nedia content. Summary 10[ 7] Aspects of the
invention are defined in the clains. 181l n an exanpl e enbodi nent, automatic
r ecogni t i orsegfchs aGphdidate dositictmnareriocatsd psioy adedh, & lopapt tabip bawing 3 biter at ed
for successy Vel e sl | apdl | L Qr .nor vectors are
generated f é(')l}rﬁeﬁarblte|Fﬁrr¥e1 §s+|§§'z eﬁt;ry. C g?%rg legtr? ﬁgﬂn‘%satﬁhgiés? 55‘? t%f @"‘%ggﬁ heeuo é‘:’giog?
respecti ve ihithaeahiingeniring lists wineee ibelrespectier 32-bibswh-fiegesprint @re looatad pri mary
eval uation stage (primary test stage) an exact match of bits of the sanple
vector is perfornmed to entries in a hash table to identify a group of one
or nor e ¥ eflér enddowaset, othste remains @coesthfor avappativen systagear(ds ewtidiafoy t est

stage) a d e pf sin.larity. bet. e vecto nd each of the
group of re é’%eerf@(téle@eac ﬁsrbﬁéiaggd&%ﬁﬁ?%@ ﬁeoz%p@c’?'&eecﬁ? %?ri}e@ny reference
vectors that are candidates for matching the sanple nedia content, each
ref erence v§ctor representing a tinme slice of reference nedia content. The
vectors can 4 e variously described as "hashes", "hash vectors",
"signatures” or "fingerprints”. 25[9] An enbodi nent of the invention can

provi de scalabiljty and efficienc f. operation. An enbodi nent of the
i nvent :a%)n 3&ﬁ \Ncéﬁp%gﬁsquy?ae‘m’?ri}'oﬁﬁge g%fl"\eaﬂﬂ € ?"i"i’?s"a very |arge database of
reference tracks. [10] An enbodi nent of the invention can enploy hashes with
good di scri m nat,in 30 power (a |lot of 'entropy' o that a_hash generat ed
from progr dffhe am(#oex?@?g’serﬁé‘?é‘?S”trrﬁ't’tg‘?H"aﬂﬁé‘?cWBX’f’éG?ﬁ%’ﬁ?‘eﬁ%{%%go’?tﬁ'%t‘ﬁe
dat abase. AnodadndiArepéct@iraras iged@atddofor GabeeRBE Qinal slicts0sF A eignal
maasuremen':ﬁg fromthe I_sngfctr m of the at%%lfo si gnal i Egch neasur enent can be
'n the for H8 Oh MR saMBeUr<Jors i GPherRlse 1% ribne SidenBy CRIGUIRMIGFIgRIo)
robust 150 dhagmiutie® s reSRicive fre§aRy T sths Mashasca@iin Fer arnematadef ri@my t hese
3 neasurenents that decloend on restricted parts of the spectrum

primary evaluation stage rZ]:mmary test stagé% an exact match of bits of the sample

vector is performed to entries in a hash table to identify a group of one or more

reference vectors. In a secondary evaluation stage (secondary test stage) a degree

of similarity between the sample vector and each of the group of reference vectors is

20 performed to identify any reference vectors that are candidates for matching the
sample media content, each reference vector representing a time slice of reference
media content. The vectors can also be variously described as *hashes”, “hash

"o

vectors”, “signatures” or “fingerprints”,

25 191 An embodiment of the invention can provide scalability and efficiency of
operation. An embodiment of the invention can work efficiently and refiably with a
very large database of reference tracks.

[10)  An embodiment of the invention can employ hashes with good discriminating
30  power (a lot of ‘entropy’) so that a hash generated from programme audio tends not
to match against too many hashes in the database. An embodiment of the invention
can employ a large number of measurements from the spectrum of the audio signal.
Each measurement can be in the form of a 2-bit binary number, for example, that is
relativeiy robust to distortions. Sets of spectral hashes can be generated from these



NI An enbodi nent of the invention uses a nethod that conbi nes an exact

mat ch dat abase search in a primary step with refinenent steps using

addi ti onawoi2nfiorswRRi on 5 stored in a variabl e depth tre@C3tGRotwNS€42Thi s
gives an effect simlar to that of a near-nei ghbour search but achieves

i ncreases in processing speed by orders3of magnitude over a conventi onal
near nei ghbour search. Exact match searches can be conducted efficiently in
a conputer and allow faster recognition to be perforned. An enbodi nment
enabl es acougzsueements drat depend on wistsictadtpsuts of ther spenams  when usi ng very

10l arge source fingerprint databases with reduced processing requirenents
conpared to prior approaches. An enbodi nent enables a signature (or

fi nger pri ntl}iicorArespbodlinagt efdha inventimt usen atrhﬂbed that eombimas ad eixactsumibha way

that the eniiaiate Aok Bl of 1% ARALUCR, H08 AAL LIGIAR Fioaugy ! P! e

exact match 1s care rat an appr oxi mat ch
wi t hout 3sucdtoredrireé Nhr:aizbmtienﬂh tret strhetumtTm@gaves al &ifad senilpndd thebof Ahear- can

bl
Pather o erboRhSeatitbatahlokd Rbrleln OSSO REESRT Bluefiimanrilt .,
exanpl e emmrdr mnnvarahw naacnmgi’nbomrf seaheh dEkéc&mmgﬁ s&are“ragtdms befcondundted s
hash b t hat ired t
rrgtscﬁsexgct ol exa%%rnre&,ﬂpegﬁ% t%l f| rsé‘% O%mgﬁ fi {2, egf’?%ﬁ@ehgg%rﬁrgy bg
mat ched exammqulmemtmamsacbm@aeco@mmm cﬁmrteﬂ(mqnbamehte whenatsirgdvedy t s,
b
Vari ao'T adRoR Pl LRI R aBhEeer VUl R ELT PhiseShine SR BAL (Bt arr i e
out effici dat pyior Zeﬁ)prtﬁal:ﬁbs An /ax aspbedieebio dinaeles @arslgwaw? dgngf tﬁngﬁpﬂmtg atg
even, i e, audi 0 be

recognition in.n envi ron t hi

recogni sed (iogeﬁ?o'{?sé[{%/tosan@f)wegﬁp ét'meatﬁ%ﬁ%?at%@ ga Waé’sgatttﬁﬁﬁnwﬁye@qg%conds,
or | ess thaart sicths egpatise that lpageipateann eneémpecand) matih iexangiliy (ﬁﬁ‘bﬁﬁﬂddﬁent
can prOV|de ecQani tion agai nst ver ase .soyrce

T hobr or 1 noaliet SRpelsre b RhaRamrsh Wit &l B SRaroner Mecert@ngt) . an
exanpl &SenhbéiIsrmatur@aﬂ’hbecainr’qﬂaemfh@mnd seaRbviint atonadh shacsl plodessor
conput er, pn a net wor ked conmputer system An exanple enbodi ment can

signifi cantq°)§ i nprove the quality of results of existing recognition
systens and i nprove the costs of |arge- scal e inplementations of such

SUSLETE. e, SRR P Brod hiBe oAb TP Rl
acconpanyi ngathpiem@sdiment takes account of the differing strengths of various hashes by
20  varying the number of bits from the hash that are required to match exactly. For
example, only the first 27 bits of a strong hash may be matched exactly, whereas a
targer number, for example the first 34 bits, may be maiched for a weaker hash. An
embodiment of the invention can use a variable depth tree structure to allow these
match operations to be carried out efficiently.
25
[13] An example embodiment can provide for accurate recognition in noisy
environments and can do this even if the audio to be recognised is of very short
duration (for example, less than three seconds, or less than two seconds or less than
one second). An example embodiment can provide recognition against a very large
30  database source of fingerprinted content (for example for in excess of one million
songs). An example embodiment can be implemented on a conventional stand alone
computer, or on a networked computer system. An example embodiment can
significantly improve the guality of results of existing recognition systems and improve
the costs of large-scale implementations of such systems.
35



[15] Figure 1 is a schematic bl ock diagram of an exanpl e appar at us.
1161Figure 2 is a flow diagramgiving an overview of a nethod of processing
audi o si gweal2e1/{5472pFi gure 3 is a schematic represent ati @eaTidB20805&42Ng an
exanpl e of setting quantisation |evels at different frequencies. [181Figure
4 is illustrates an exanple distributiom of distances between test
15vectors; [19]Figure 5 is a schematic representation of a conputer system
for inplenmenting_ an enbodi ment of the nethod of Figure 2. 20[20]Figure 6

i 'l ustr at esBeetDesmiption affthdMrawings of the conputer systemof Figure 5 in
nore detail. Detailed Description 251211An exanpl e enbodi ment of the

i nvention provid i e it t t hat pr.ocesses an i ncpm ng
audi o strea SP](a ﬁ%P%@p%ﬁ%e%é a(%gg@eegr 3%Iéei'¥aztt?ﬁirrh¥e‘?ﬁ%llOfdg)faé@%emg\“ P‘?’E} ic and
sound ef f ecteferéhaeatoksg atawnipaping dyawisgss of t hose tracks within the
progranmge. One exanpl e of an output of an exanpl e enbodi nent can be in the
formof "a cue sheet that lists the sections of tracks used and where they
occur 30i n fikie pFiggreanis®. schaRanbloekdinplaen efirdroshamei aganatuer k wWith a
dat abase of, for exanple, ten mllion seconds of music. However, other
enbodi nents are scalable to work with a nmuch | arger database, for exanple a
dat abase of[16 bifibirer? iseciowddiagfannyising anaverdaveoRd mefrell of pedcetsie@endisi ng
clips with a dlfration of the order of, for exanple, three

signals.

10
{171 Figure 3 is a schematic representation illustrating an example of seiting

quantisation levels at different frequencies.

(181 Figure 4 is illustrates an example distribution of distances between test

15  vectors;

[19]  Figure 5 is a schematic representation of a computer system for implementing
an embodiment of the method of Figure 2.

20 oy  Figure 6 illustrates a structure of database of the computer system of Figure 5

in more detail.
Detailed Description

25 211 An example embodiment of the invention provides an audio recognition
system that processes an incoming audio stream (a ‘programme’) and searches an
internal database of music and sound effects (‘tracks’) to identify uses of those tracks
within the programme. One example of an output of an example embodiment can be
in the form of a cue sheet that lists the sections of tracks used and where they occur

30 inthe programme.

[22] One example embodiment can work with a database of, for example, ten
million seconds of music. However, other embodiments are scalable to work with a
much larger database, for example a database of a billion seconds of music, and are
35 capable of recognising clips with a duration of the order of, for example, three



5 seconds or less, for exanple one second, and can operate at a rate of
around ten tinmes real tinme on a conventional server conputer when

processi ‘yoaodid4f2zzom a typical nusic radio station. 5[ 28f/MBofdlsk@adi ng are
definitions of some of the terns used in this docunent: [24]A "track” is a
clip of audio to be recognised at sone point |later. Al available tracks
are processed and conbined into a database. 10[25] A "programe" is a piece
of audio to be recognised. A programme is assumed to include sone tracks

j oi ned t ogetdrendsandlessibice ekadple oneasecond, atidstaor dpevale, ati ntate spearced tant h

i ch makecriss ot bR of e el ey 2P FEhPLPE bR nORRER s o A"

m xi ng of rigmdamusid ediotationt he track; Voice-over: the m xing of speech
with the track; Pitch: the changing of pitch while maintaining the
underlying timng; Tenpo: the changing of timng while maintaining the
pitch; 20 gpxed:Thehellm#imggiemtpfiotiobobisopid cithatemsanps in(thkrdeexaept. e, by
playing a tape faster). [27]1t is to be noted that pitch, tenpo and speed
are related and that any two can be conbined to produce the third. 25

241 A 'track’ is a clip of audio to be recognised at some point later. All available

tracks are processed and combined into a database.

10 [251 A “programme” is a piece of audio to be recognised. A programme is
assumed to include some tracks joined together and subjected to various distortions,
interspersed with other material.

[26] A “distortion” is something that happens to a track which makes up a
15 programme. Examples of distortions are:

* Noise: the mixing of random noise with the track;

* Voice-over: the mixing of speech with the track;

» Pitch: the changing of pitch while maintaining the underlying timing;

» Tempo: the changing of timing while maintaining the pitch;
20 - Speed: the changing of both pitch and tempo (for example, by playing a tape

faster).

[27]  Itis to be noted that pitch, tempo and speed are related and that any two can
be combined to produce the third.

25
[28] A *hash” is a small piece of information obtained from a specific part (time
slice) of a track or programme, which is ideally unchanged by distortion.

[29] Figure 1 is a schematic block diagram of an example of an apparatus 110
30 forming an embodiment of the present invention.

[38] A signal source 102 can be in the form of, for example, a microphone, a radio
or internet programme receiver or the like for receiving a media programme, for
example an audio programme, and providing a source signal 104,

35



[28] A "hash" is a small piece of information obtained froma specific part
(time slice) of a track or programme, which is ideally unchanged by

di storti om0 20{12&¥728i gure 1 is a schematic bl ock di agrampofi/GBroexan@ke of an
apparatus 110 30form ng an enbodi nent of the present invention. [30] A
signal source 102 can be in the formofg for exanple, a m crophone, a radio
or internet programre receiver or the like for receiving a nedia progranme,
for exanple an audi o programme, and providing a source signal 104. 6 [MA
spect r ogr anByenek apectrayiaim cgamebsoro pEd abh eet opayelblertat gereraip e spexyrograri r om

t he source S| 4 by ap | : rd et r sQur i gnal ,
t he spect rofgdrrg%%l %%"Pﬁ%?'ﬁag‘a’mﬁ M%ﬁpﬁgﬁgg%f%@@%{ﬁs&?&@a@h&gﬁ% Bﬁn%ﬁa %aﬁghg
r epr esent atspeetrogram incloding lai geraliiycbficotimugi ractac@linn dleingyrepfestntativeenicy bi ns

Cime i co e e Sufh oBuglrg BPStialS, b B8 dloy BT GG bR e b e

t 0 genersat eespediieasinge né frequerce compboents for filgy tirae tliceeofshe saurod sighd; sour ce
signal by calculating ratios of nagnitudes of respective frequency bins
fromthe colum for the tine slice and by quantising the ratios to

10gener at e [@1)1gi t5s vadftoragemeratare! Mazhdie. ofeBdilstotznatms at dbsti amelsedee weefoer ence
vectors, eg‘nh r.eferenc?] ﬁ/ector r.eErl%%enii . a timefsl i ce f rfeference medi a
content. 15P381REYHE ShiNVA thatgPe! By AUFNg pifge &?%P@‘?S%e"@%?ﬁ!ﬁ’?/ and
tertiary eviedquehoy dinglffom IR calnehnl @2, the dispeslicevaldy by quabtistagd tHeneatips to

eval uatl%r 1gle%e?aefgd%ﬁs 8Pae[=.c?t?rlceev¢tac c“perfor ma primry eval uation by

[33] A database 46 includes reference vectors, each reference vector representin.g

a time slice of reference media content.

15 [34] A content evaluator 116 can include primary, secondary and tertiary
evaluators 118, 120 and 122, respectively).

[35] A primary evaluator 118 can be operable to perform a primary evaluation by
performing an exact match of digits of source vectors to entries in a look-up table 66
20  of the database 46, wherein each entry in the look-up table is associated with a group
of reference vectors and wherein the number of digits of the source vectors used to
perform the exact match can differ between entries in the look-up table 66. The look-
up table 86 can be organised as a variable depth tree leading to leaves, wherein each
leaf forms an entry in the look-up table associated with a respective group of
25 reference vectors. The number of digits leading to each leaf can be determined fo
provide substantially equally sized groups of reference vectors for each leaf. The
number of digits leading to each leaf can form the number of digits of the source
vector used to perform the exact maich for a given leaf. Each leaf of the look-up
table 66 can identify a group of reference vectors having d identical digits, wherein d
30 corresponds to the depth of the tree to that leaf.

[36] A secondary evaluator 120 can be operable to perform a secondary evaluation
to determine a degree of similarity between a source vector and each of the group of
reference vectors in the database 46 to identify any reference vectors that are
35  candidates for matching the source media content {o the reference media content.



perform ng an exact match of digits of source vectors to entries in a

| ook-up table 66 20 of the database 46, wherein each entry in the | ook-up
table i s woexotvEted with a group of reference vectors amdTidBoa/0F1G4Re
nunber of digits of the source vectors used to performthe exact match can
differ between entries in the |ook-up t@ble 66. The | ookup table 66 can be
organi sed as a variable depth tree leading to | eaves, wherein each | eaf
forms an entry in the | ook-up table associated with a respective group of
25 ref er enchevegspodary evaationfizércapfbalbpgraige lte paifogn the eecondbryadvabimtione

det er m ned ' t . I i e

vectors forl}sgqggéq?{éetgﬁes#ﬁg{cﬁ{l}ng%y%? ggﬁgiéteérﬁ%eg@gﬁgﬁgp%z;@%&{ ga E@‘E';rr%eeform
t he nunber vsttodiagd esctosf théeefersnce gesterstivtheuyedp oivefreedaervaectone exact match
for a given leaf. Each | eaf of the |ook-up table 66 can identify a group of
reference vectors having d identical digits, wherein d 30corresponds to the
dept h of t Ha7it r detartary leaplubteafi22[ @61 sperebiddp \pecforh wateoiary 20aloationbier
operabl e t (0! y eva Iy 0 r 1 gr.ee, of
o Lar 1y PRl B SR8 s BhuRe. TSRS aNEr BRdE e
vect ors i n dpecshimtalkatemihe 3 degoentdi Sipnilanty betfesrenoe ov entrer sirthératoace

35candi dat t chi e i te to the referen medi a
content . eel¥ o ha FmbGEIRREE aZRe TaCBE ERlerhBrdE S B PRI
secondary eeirerse etarsdergifiad dn shaseeordety ealdatiodetveemrsim thet fuethelegogees of

simlanity n e ur vector and ch of the referepnce vectors in
t he grolgp 0@%"@52’}’%3@%“@@8{ nggre‘?g%?, %r? 85&"’5?9 bgv%ﬁpagﬁ%(? 'rig@ecféﬁ{n 6'(1.8

oper abl e t zopeehechr and &t idemtificd vahdidate osfefemce aagtor. ef er ence vect or
identified as a candidate. The tertiary evaluator 122 can be operable to
determ ne a degree of simlarity between one or nore further source vectors
and one or [B8)r e Aruotthelr gerefrgioen2¢ cee deosperalse te gpoadis gn tontdguleeaddicelat e
ref erence vecto i

identified i.n.the secandary . .evaluation, wherein the
further soLﬁxgg'p{el?)c\'/ee%qec?k@g%'ﬁ"Q% ef’ﬁ&??@?”’%@?@?@ﬁgéﬁgg%?wr%@ dgfeleach be
separatléd in tinme fromthe source vector and the identified candi date
ref erence vector., [.38] . An .out put, _generator 124 c be er apl 0
generate ar{%gut SiRure &‘Br%f'f"ﬁ' gpgéeﬁgri}gf‘)%w%g Bl EVEREY ?‘%}8%?19{)5 W%@Ofﬂ%ea'?mt ched
nedi a cont esxampfe érhisodimenics tsé tvahtion] SThel APardtigur Bigdrel 5and fHeomeibagr am 10
Cheent on, PSS G085 oy TR S0eRd PR R GrS BRO R ro
i mpl enent ecbgmpumneprograrmrpeommup@ﬁmsg/s;hem aRtndry CoIEpPAES gmﬁngormh& er
program.products operatin n.one or, nore conputer systems. The
conput ?P prCSSWéf?ﬁrp&Bﬂ'@& (pg?‘ﬁi'?gﬁ) fa" sqeoﬁ{é’ée‘%r?“a?ﬂ)’ §H‘? ICQmEHWﬁJ?@‘ga%J%adabl e
nmedi a, for reediapior ©@mMpE eompuik disksangsas, olid tt4tk adtragbokRye,in Glafioud N
separ at e cOHBPES: SRR AL T MG s LPaPBoE T SH &F S5U0EHS. BFGEPeRD! ¢,
t he gener atdoffputdr plogF s aha/F asparaie ddagtidrkestehs! Gor ex@iplbehpgehei®d by a
conput er prQgram %5 and/ or corrgué r s stenpageg%rate fromone or nore
conput er prog%r SPRCTQRERT r 8% ARSHIPE Wéﬁ‘ﬁ BETYTAESePY Br FATHALST RjEBE ™t i on
and/ or 2gat abpare desiutdrgsynsh Ofepatite SARE tor@edie itiié Wdmpntert HepIE andBe of
nore of the arEs of the apparatus of Fi %ure,l or the fDrocess .of Figure 2
can be i rrpICQE’é’H & PYHEMT -SSR PETOPT 1588 SeRaRiNR ARY/OF gptabRsminsting paPal

pur pose i nteegrsieet ghdratitnl S Fa@Ndrv@rs eshe! 6 PLAY bithel Pts30f thRCAdpaRald by
described in nore detail in the follow ng description. [40] However, for
reasons of Fd@4e bor &k Paeeass Al DRYRE 2i%an ke dvplgmentadngsing weesalpwesss;

described inardiifef Rk leRdMpe Wekhl peiBsE NMisyrbRIRIBURS canfighhicd PHREEIRES
i nclude spectrum generation 12, vector generation 14, signal evaluation 16
(i ncl uépng functionality described in more detail in the following description.

[40] However, for reasons of ease of explanation only, it is assumed that the
processes described in the following with reference to Figure 2, which processes
include spectrum generation 12, vector generation 14, signal evaluation 16 (including
35  primary, secondary and tertiary stages 18, 20 and 22) and output generation 24 are



35primary, secondary and tertiary stages 18, 20 and 22) and out put
generation 24 are 8 perforned by an apparatus conprising a conputer server
system i mebudivig4mre or nore processors and storage andPcomB20ilst4dy one
or nore prograns. The process steps described bel ow, including the spectrum
generation 12, vector generation 14, cofitent evaluation 16 (including
primary, secondary and tertiary stages 18, 20 and 5 22) and out put
generation 24 also correspond to functions perforned by the spectrum

gener at or Iepformexd by gt appagaine camerising 4 carhuteosgreen systern droiustingl 08 or

i ncl udi j j I 8, 120
(1 ne U 0358Rl BB SEARIRE Xy B0 144 B Y 90 oA
Spect r um Gatersatessribad balaw] Ineludingsthe saagien gepenatior 18j wrrddr gametationfldr m of
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sanpl e. | n “ohe exanpl e 7'Stéreo audi o conprising a |eft channel
and a right channel is represented as sum (left plus right) and difference

(left mi,nus.rli gh}n)gcréa&n%lé in order to give greater resilience to

Voi ce-over [ rtions. The audio file is then processed to
generate a spectrogram 25 [431The paraneters applied to the spectrogram
are br oadly4ﬁase]\d on the Ihurran ear.' s ipe{cetgti og of §ound i hce thed i nd of
di st or ti ons*that ™ #ilid *FIRE 4 LU TRIPTA O AP RUSPS 91D SPRRTERT B2 eser ve
a human' s penesid napecifdyrasip &otexagpnby asdlyickea Rass Eourgs Tohnsarhu (AFS) of

i nformati on for .succelssi ve sanple intervals (tinme slices). Each 30 tine
slice correQ%BHﬁgS{gS?'for exanple, 1 to 50 nms (for exanple approximately
20ms) . 1Successi ve segnents can overlap by a substantial proportion of their
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frequency btlo rt]:asé c‘%lnr'rarp%rne:'%l‘.3 qn%?aeaexampie embodiment, the audio signal can be converied to a
plain WAV format, sampled at, for example, 12 kHz, in stereo if possible or mono if

20 not and with, for example, 16 bits per sample. In one example embodiment, stereo
audio comprising a left channel and a right channel is represented as sum (left plus
right) and difference (left minus right) channels in order to give greater resilience to
voice-over and similar distortions. The audio file is then processed to generate a
spectrogram.

25
[43] The parameters applied to the spectrogram are broadly based on the human
ear's perception of sound since the kind of distortions that the sound is likely to go
through are those which preserve a human's perception. The spectrogram includes a
series of columns of information for successive sample intervals (time slices). Each

30 -time slice corresponds to, for example, 1 to 50 ms (for example approximately 20ms).
Successive segments can overlap by a substantial proportion of their length, for
example by 90 — 99%, for example about 97%, of their length. As a resuli, the
character of the sound tends to change only slowly from segment to segment, A
column for a time slice can include a plurality of frequency bins arranged on a

35 logarithmic scale, with each bin being, for example, approximately one semitone



35l ogarithmc scale, with each bin being, for exanple, approximtely one
semtone 9 w de. [441A substantial nunber of frequency bins can be

provi ded wonomash72ei ne slice, or colum, of the spect PamiGH2or1/Ex@pl e of
the order of 40 to a hundred or nore 5frequency bins can be generated. In
one specific exanple, 92 frequency binsgare provided. Vector Ceneration 14
10[ 451A second step 14 is the generation of one or nore hash vectors, or
hashes. I n an exanpl e enbodi ment, a nunber of different types of hashes are
generated. ¥We. or nore sequences of | ow di mensional vectors formng the
hashes (or 'fingerprints', 'signatures') are designed to be robust to the
various types of distortions that may be encountered. 15 146]1n an exanple
enbodi nent , [44n omdeh&starciiaghmbereﬁ ifletjeerey i aodedpmooidse fardcs timelstice, sirgnal s,
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suf ficient fesgueapy bfnsamntﬂmagemateel adudire. sdetmfmredemptap sanfraqueacy bimsesér opy
obt ai ned, 20 tg guanti sati on can be perfornmed non-linearly such that for
any given n¥8%8P%ment the quantised values tend to be equal ly |ikely,
maki ng the distribution of hashes nore uniformas shown in Figure 3.

Quanti sati hr sholtds {: n be independently selected at each frequency to
nmeke the dig‘ﬁ&—?—m % hashes more uniform To naxinise robustness, each
measur enent can be selected to depend on only two 25points in the
spectrogram 47# gem % a basi c hash s derived froma
single colu o] Dt n 5t i tudes
e ROT UM of A ERESEERER riaqs i 89 SCaloB ManerRy DR HERh Golors. o GaRih 1 ud
of adj acentinodn amﬁpie@mmeﬁtr@qmmy DidiFferentty S o KadHek are YenBGtay. can
gener at ed bes determ ni ng
ne or more séquences of low-dimensional vectors forming the hashes (or
fingerprints’, ‘signatures’) are designed to be robust to the various types of distortions
that may be encountered.
15
[46] In an example embodiment, in order to give resilience to added noise and
similar signals, measured values can be coarsely quantised before generating a
hash. There is conflict between a desire to quantise coarsely and a need to derive
sufficient entropy from the source audio. In order to enhance the entropy obtained,
20  the quantisation can be performed non-linearly such that for any given measurement
the quantised values tend to be equally likely, making the distribution of hashes more
uniform as shown in Figure 3. Quantisation thresholds can be independently
selected at each frequency to make the distribution of hashes more uniform. To
maximise robustness, each measurement can be selected to depend on only two

25  points in the spectrogram.

(471 In an example embodiment, a basic hash is derived from a single column of
the spectrogram by calculating the ratio of the magnitudes of adjacent or near-
adjacent frequency bins. In one example, a vector can generated by determining a

30  ratio of the content of adjacent frequency bins in the column and dividing the ratio into
one of four ranges.

[48]  For example, for each of bins 0-81, determine a ratio as:
- value of bin i / value of bin i+1
35 - and determine within which of four ranges 00, 01, 10, and 11 the ratio falls.



30ratio of the content of adjacent frequency bins in the colum and
dividing the ratio into one of four ranges. [48] For exanple, for each of
bi ns 0- 9Iwodetierswizne a ratio as: - value of bin i / val meTaiB2biwnsiosr 35-
and determ ne within which of four ranges 00, 01, 10, and 11 the ratio
falls. 10 11491In sinplistic ternms, condider that range 00 corresponds to
rati os between 0 and 0.5, range 01 corresponds to ratios between 0.5 and 1,
range 10 corresponds to ratios between 1 and 5 and range 11 corresponds to
rati os between 5 and infinity. It 5 can therefore be seen that, for each
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enbodi nent, two hashes are then generated. One hash is generated using a
frequency band from about 400 Hz to about 1100 Hz (a 'type 0 hash') and the
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audio, and dividing the resulting distribution into four equal parts.

15 {511 In an example embodiment, two hashes are then generated. One hash is
generated using a frequency band from about 400 Hz to about 1100 Hz (a ‘type 0
hash’) and the other using a frequency band from about 1100 Hz to about 3000 Hz (a
‘type 1 hash’). These relatively high frequency bands are more robust fo the
distortion caused by the addition of a voice-over to a track.

20
[521 In an example embodiment a further hash type (‘type 2 hash’) is generated
that is designed to be robust to pitch variation (such as happens when a sequence of
audio samples is played back faster or slower than the nominal sample rate). A
similar set of log frequency spectrogram bins to the basic hash is generated. The

25 amplitude of each spectrogram bin is taken and a second Fourier transform is
applied. This approach generates a set of coefficients akin to a ‘log frequency
cepstrum’. A pitch shift in the original audio will correspond to a translation in the log
frequency spectrogram column, and hence (ignoring edge effects) to a phase shift in
the resulting coefficients. The resulting coefficients are then processed to form a new

30  vector whose nth element is obtained by taking the square of the nth coefficient
divided by the product of the (n-1)}th and (n+1)th coefficients. This quantity is
invariant to phase shift in the coefficients, and hence also to pitch shift in the original

signal. It is also invariant under change of volume in the original signal.

35 [53] As successive segments overlap by a substantial proportion of their length,



audi o sanples is played back faster or slower than the nom nal sanple
rate). A simlar set of |og frequency spectrogrambins to the basic hash is
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‘ 20
[s6] Further, the fact that each hash depends on only on a very short section of

audio gives the potential fo recognise very short sections of a track.
(377 Resilience to a transposition in pitch (with or without accompanying tempo
25 change) can be achieved by generating hashes based on a modified cepstrum

calculation.

Testing Stages (Content Evaluation) 16

30 [58] In an example embodiment, the programme audio is then recognised by
comparing the hashes against pre-calculated hashes of the tracks in a database.
The aim of the look-up process is to perform an approximate look-up or ‘nearest
neighbour’ search over the entire database of music, for examplé using the vector
obtained from one column of the specirogram. This is a high-dimensional search
35  with a large number of possible target objects derived from the music database.



30[ 58] I n an exanpl e enbodi nent, the programme audio is then recogni sed by
conpari ng the hashes agai nst pre-cal cul ated hashes of the tracks in a

dat abase.woOhet1aism120f t he | ook-up process is to perform OTAROXISHEDR e

| ook-up or 'nearest neighbour' search over the entire database of nusic,
for exanple using the vector obtained frn®dm one colum of the spectrogram
This is a high-dinensional search 35with a | arge nunber of possible target
obj ects derived fromthe nusic database. 12 [59)In an exanpl e enbodi nent,
this is done as a multi-stage testing process 16. Primary Test Stage

(Pri mary Evahuatiop)o,doh cAflinai AR Y abfihe AR se LRI LIREERH usi ng an

exact - mat ch 1"ook- up n-an exarrp I ment, . h the
hashes as a sinple binary vector with a small nunber of bits to performa

| ook up in f figusing a small nunber of bits, each
| ook-up ty Sy Teb ¢ (Plimfly Eahighofs of hits in the 10dat abase. For

reasons St hat wi Il becone clear later on, the set of hits in the database
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respect to a nmusi c) |
bit for sormnaill alarsie@' mffb:tsecataotn lock-gpy Gapicatly trétamstét&érgémunﬂiehejf $its in the
10  database. For reasons that will become clear later on, the set of hits in the database

retrieved in response to the primary look-up for a given key is termed a ‘leaf’.

[61]  In practice, the bits that are exiracted from the spectrogram to construct the
key are not independent and are not equally likely to be ‘0’ or ‘1", In other words, the

15 entropy per bit of the vector (with respect to a given sample of music) is less than
one.

[62] The entropy per bit for some classes of vector is greater than that for others.
Another way of saying this is that some keys are'much more common than others. If
20  therefore, a key of fixed size is used to access the database, a large number of hits
will sometimes be found and sometimes a smalf number of hits will be found. If a key
is chosen at random, the probability of it falling in a given leaf is proportional to the
number of entries in that leaf and the amount of further work involved in checking
each of those entries to determine if it really is a good match is also proportional to
25  the number of entries in that leaf. As a result, the expected total amount of work to
be done for that key is then proportional to the average of the squares of the leaf
sizes. In view of this, in an embodiment, this value is minimised (i.e., system
performance is maximised) by making the leaf sizes as equal as possible.

30 {63} In an embodiment, therefore, a database structure is chosen that is aimed at
equalising the sizes of the leaves.

[64]  Bits of a hash can be derived from continuous functions of the spectrogram if
desired: for example, a continuous quantity can be quantised into one of eight
35  different values and the result encoded in the hash as three bits. In such cases, it is
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at depth d. . The leaf contains informti on about those tracks in the
dat abase t F@NHGRL ?f@femafché em@%%& significant bits match those of

t he key hash. 20[67] The | eaves are at various depths, the depths being

chosen so that the | eaves
2% [67] The leaves are at various depths, the depths being chosen so that the leaves

of the tree each contain the same order of number of entries, for example
approximately the same number of entries. It should be noted that in other examples
the tree could be based- on another number base than a binary tree (for example a
tertiary tree).
25
[68] In the primary test stage, therefore, an exact match is looked for between the
selected bits of the hash from the programme audio against stored hashes for
reference tracks. The number of digits that are matched depend on the size of the
database and of how common that hash is among tracks in general so that fewer bits
30 are matched for rarer hashes. The number of bits that are matched can vary
between, for example, 10 to about 30 bits in the case of a binary tree, depending on
the size of the track database.

{697 Further, as consecutive hashes of the same type typically change in only one

35  or two bits, exact matches can generally also be obtained for the matched bits even if



of the tree each contain the sanme order of nunber of entries, for exanple
approxi mately the sane nunber of entries. It should be noted that in other
exanpl es wbeotrweer2eoul d be based on anot her nunber basePChaB2a1lisnERY tree
(for exanple a tertiary tree). 25 [68] In the primary test stage,

t herefore, an exact match is | ooked for 1Between the selected bits of the
hash fromthe programme audi o agai nst stored hashes for reference tracks.
The nunber of digits that are natched depend on the size of the database
and of how tberiinen peinte inhtehprograames @t whicdk bashes geaqreakraied areanof exastlybi t s
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tree, depertdaquiattﬂbashe size of the track database. [69] Further, as
consecuti ve hashes of the sanme type typically change in only one 35o0r two
bits, exact matches can generally also be obtained for the matched bits
even if 5 14SadoadaiynespSiane $Seqontiby Epmbgtiomrd® at whi ch hashes are generat ed
are not exactly synchronised with the tine points for which hashes were
generated for the reference track database. 5Secondary Test Stage
(Secondary [E@al uat BongmBEdimeF0 14 nsanneaxrbotﬁstrmage &20s énohdar pokiegt ustage 20
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t hose part g7gf tﬁwh&ﬁéﬁé%agﬁr&m lﬁabcdmplamateﬂy isﬂc@”{o%&,t ieagsnfdﬂmamﬁd Ohanadly hash;
type 2 hash erived

copot r um st gt AR BRE < Torion Ve PauBe FREFRGAT A SPH NS RehbI | ng
the | odati drasbés are staogipmaiedtkfya@brmgéd esqudiagiang iffermatibastratdsé partp@si ti on

in that tratﬁg “spectrogram not involved in creating the original hash; type 2 hashes are

accompanied by further bits derived from the cepstrum-style coefficients. The entries
also include information enabling the location of an original track corresponding to a
hash and the position in that track.
20
[721  The purpose of the secondary test is to get a more statistically powerful idea
of whether the programme samples and a database entry match, taking advantage of
the fact that this stage of the process is no longer constrained to exact-match
searching. In an example embodiment, a Manhattan distance metric or some other
25  distance metric can be used to determine a degree of similarity between two vectors

of secondary test information.

[73] In an example embodiment, each secondary test that passes entails a further
random file access to the database to obtain information for a tertiary test as

30 described below. Bearing this in mind, in an example embodiment, a threshold for
passing the secondary test is arranged such that on average about one of the
database entries in a leaf passes the secondary test. In other words, the probability of
passing a secondary test should be roughly the reciprocal of the leaf size.

35 [74] Figure 4 illustrates an example distribution of distances between two



20 1721The purpose of the secondary test is to get a nore statistically
powerful idea of whether the programre sanples and a database entry match,
t aki ng adwenvuages4nt the fact that this stage of the proeessHE2811M51040Nnger
constrained to exact-match searching. In an exanple enbodi nent, a Manhattan
di stance netric or some other 25di stanceasnetric can be used to determne a
degree of simlarity between two vectors of secondary test information.
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mat ch Int. 10 Tertiary Test Stage (Tertiary Eval uation) 22 [ 76] As

i ndi cat ed dbmitsEy TebieStaoé (Taridry Gvalkibidre@2i n t he | eaf enabl es the | ocation of
an original track corresponding to the hash and the position in that track.
When a

[76] As indicated above, the information stored in the leaf enables the location of
an original track corresponding to the hash and the position in that track. When a

15  secondary test is passed, tertiary test data corresponding to a short section of track
around the maich point is fetched. The tertiary test information includes a series of
hashes of the original track. The programme hashes are then compared to the
tertiary test data. This process is not constrained to exact-match searching, so that a
distance metric, for example a Manhattan distance metric, can be used to determine

20 how similar the programme hashes are to the tertiary test data. In an example
embodiment, the metric involves a full probabilistic calculation based on empirically-
determined probability tables to determine a degree of similarity between the
programme hashes and the tertiary test data.

25 1 The sequence of programme hashes and the sequence of tertiary test hashes
are both accompanied by time stamp information. Normally these should align: in
other words, the programme hash time stamps should have a constant offset from
the matching tertiary test time stamps. However, if the programme has been time-
stretched (a tempo distortion’) this offset will gradually drift. The greater the tempo

30  distortion, the faster the drift. To detect this drift the tertiary test can be performed at
a number of different trial tempos and the best result can be selected as the tempo
estimate for the maich. Since tempo distortions are relatively rare, in an example
embodiment, this selection process is biased towards believing that no tempo
distortion has occurred.

35



15 secondary test is passed, tertiary test data corresponding to a short
section of track around the match point is fetched. The tertiary test

i nf or mat iwo 20niclsumes a series of hashes of the origi nal PCTAGHN11TIF€042
programme hashes are then conpared to the tertiary test data. This process
is not constrained to exact-match searchéng, so that a distance netric, for
exanpl e a Manhattan di stance netric, can be used to determ ne 20 how
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post poned uyigtik. the tertiary test stage and at that stage there are only a

few candi dates to 20exam ne and so an exhaustive search over possible tenpo
of fsets is conputationally viable.

[81]  Accordingly, in the tertiary testing phase a second database is used that can
contain a highly compressed version of the spectrograms of the original tracks. In an
25 example embodiment the database is based on similar hashes to the primary
database, with the addition of some extra side information. These data are arranged
to be quickly accessible by track and by position within that track. The system can be
'arranged such that indexes fit within a computer's RAM. During the tertiary testing
the programme audio on either side of a candidate match that has passed the
30 secondary test is compared against the database using a full probabilistic calculation.
This test is capable of rejecting false positives that have passed the secondary test,
and simultaneously finds the start- and end-points within the programme where the

track material is used.

35 [82] In summary, each hash that passes the secondary test undergoes the tertiary
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10exanpl e enbodi ment, this forns one candi date entry on an out put cue

sheet. Qut RYL: ats’;tgge g% [83] As nmentioned earlier, one application of the

audi o reco ess is the 15 generation of a cue sheet. The result
of the tertiary testing is a series of candi date natches of the progranme

mat eri al agaj,nst, t s i,n_the oriaginal, database., Each match i ncludes the
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qual i téoi S h'i, e 35d ot hrgr i se the candidate will be discarded. [85]Wen
all theépr J&r%ﬂﬂ’é RALREE HIRPE been processed, a conpleted cue sheet can be
output. 30 [86]j As indicated earlier, the process that has been described is
performed [84] When a new candidate cue sheet entry is found, it is compared against the
entries already in the cue sheet. If there is not a significant overlap in programme
time with an existing entry, it is added to the cue sheet. If there is a significant
25  overlap with another entry then the entry is displaced if its match quality is higher, and

otherwise the candidate will be discarded.

[85] When all the programme hashes have been processed, a completed cue
sheet can be output.
30
[86] As indicated earlier, the process that has been described is performed
automatically by one or more computer programs operating on one or more computer
systems, and can be integrated into a single process that is performed in real time, or
can be separated into one or more separate processes performed at different times
35 by one or more computer programs operating on one or more different computer



automatically by one or nore conputer prograns operating on one or nore
conputer systens, and can be integrated into a single process that is

per f or mredwOnrotie@h722i ne, or can be separated i nto one or POD/GB2HPELGEDR e
processes perforned at different tinmes 35by one or nore conputer prograns
operating on one or nore different conpuBer 18 systens. Further details of
system operation are described in the follow ng passages. [87]In the
present exanple, the systemas shown in Figure 5 is assuned to be a 5
conput er sesygtEemssystleurir@d ddizits pbogstens opsration | arpudesaribeidn dher folipwingre 32
and out put Spés&#’ees sheet 34. The conputer systemincludes one or nore
processors , 1andom access nenory (RAM 44 for prograns and data and a
dat abase 46, as well as other conventional features of a conputer system
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for random access memory (RAM) 44 for programs and data and a database 46, as well

as other conventional features of a computer system, including input/output
interfaces, power supplies, etc. which are not shown in Figure 5.

10
The Reference Database 46
[88] The database 46 is built from a collection of source music files in a number of
stages.

15
[89] In an example embodiment, the database is generated by the following
processes:
1. Each source music file is converted to a plain WAV format, sampled at, for

20  example, 12 kHz, in stereo if possible, or mono if not, with, for example, 16 bits per
sample. Stereo audio comprising a left channel and a right channel is converted to
sum (left plus right} and difference (left minus right) channels.

2. A file (e.g., called srclist) is made containing a numbered list of the source file
25 npames. Each line of the file can contain a unigue identifying number (a “rack ID" or
‘segment 1D7), followed by a space, foliowed by the file name.

3. Hashes are generated from the source music tracks to create a file (e.g.,
called rawseginfo) containing the hashes of the source tracks. An auxiliary file (e.g.,

30 called rawseginfo.aux) is generated that contains the track name information from
srclist.

4, The hashes are sorted into track |D and time order.

35 5. The tertiary test data is generated and indexes are made into it to form a



20 exanple, 12 kHz, in stereo if possible, or nmono if not, with, for
exanple, 16 bits per sanple. Stereo audio conprising a |left channel and a
ri ght chawoebi/savwonverted to sum (left plus right) andPdirfdBoamseosg!| ef t

m nus right) channels. 2. Afile (e.g., called srclist) is nade containing
a nunbered list of the source file 25narmmes. Each line of the file can
contain a unique identifying nunber (a '"track ID or 'segnent ID),

foll owed by a space, followed by the file name. 3. Hashes are generated
from the somepredizsiseginiodiks to create a file (e.g., called rawseginfo)
contai ning the hashes of the source tracks. An auxiliary file (e.qg.,

30cal | ed rawsegi nfo.aux) is generated that contains the track nane

i nf or mat i onB.f r onThe weppad rawdegiflodildissioded &y ascenditg drdenbbhashaclue D and ti ne
order. 19 mapped rawseginfo file. 6. The mapped rawseginfo file is sorted
in ascendi ng order of hash value. 57. A first cluster index (see format
descri pti on/.bel ohfirst slugtenipdex ésde f8rrwt dasoriptiombglodpisaehetated e. g., cal | ed
auxdata) is generated, the auxiliary data file being used for displaying
file names in cue sheet output. 109. The various files are then assenbl ed
into the databasén aidiaradatexidens.g., eallsadiuxeatz) &f gdrieeatsy, She sudisy gagdfile 0 wor k

w th a dat NN seconds of audi various system paraneters
to bedi sc il MM ind R ARG gL indsSlibur

10 49 The various files are then assembled into the database.

For an example embodiment of the system designed to work with a database of ten
million seconds of audio, various system parameters to be discussed below are set
as follows.
15
- Maximum leaf size = 400
- First cluster depth = 20

20 90] It should be noted, however, that these are examples of the system
parameters only, and that different embodiments will employ different parameters.
For example, for larger databases the first cluster depth could be increased to, for
example, about 23 or 24 bits for one hundred million seconds of audio and about 26
or 27 bits for one billion seconds of audio. In the example described in more detail
25  below, a first cluster depth of 24 bits is assumed.

[911  In an example embodiment, in order fo keep file sizes manageable, various
data structures used are packed into bytes and bits for storage as part of the
database.

30
Raw Hash

[92]  In an example embodiment, a raw hash is stored as six bytes, or 48 bits. The
most significant bits are those used for the primary database look-up.
35



- Maxi mum | eaf size = 400 - First cluster depth = 20 20[90]1t should be
not ed, however, that these are exanples of the system paraneters only, and
t hat di f fwoenti/esatzodi nents will enploy different paranePersB2rarosendanpl e,
for | arger databases the first cluster depth could be increased to, for
exanpl e, about 23 or 24 bits for one hudred mllion seconds of audio and
about 26 or 27 bits for one billion seconds of audio. In the exanple
described in nore detail 25below, a first cluster depth of 24 bits is
assuned. [Dalpbase laavexanpReweedioidi nent, in order to keep file sizes
manageabl e, various data structures used are packed into bytes and bits for
storage as part of the database. 30 Raw Hash [92] In an exanple

enbodi ment , [93 r dvadhalehl ?ns’thstdat@@saszoeﬁaMSm/Bwenoe ofl 8avgseginfo Bhrectomest A
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a sequerfce lfforedomlegpadre dsneu*otﬂ'\arthmbaseprogramre to be analysed is al so
converted to a sequence of rawsegi nfo structures 5before | ook-ups are done
in the database. [94] Each rawseginfo structure holds a raw hash al ong
wi t h i nf or niadli orEaxbotawswahiefce siroctanbolis enryw thash radmig With anm’drmét'mnpeiximi on

secondary. + BB BRI T e hRRR ek, et BboRes on

I nf or mat i oneack) smd a t16-hytedietchbiesdcheddry hast offortriaéiodash rel ative to the start

of the tyack, measured in units of approximately 20 mlliseconds. During

t he dat'abase build procedure this value is replaced by a direct offset into
t he terti ariyspt estvhemindtiz{ly lgenénateplp edsitisraingegiatidro)s. sel bo indicate the time of the

hash relative to the start of the track, measured in units of approximately 20
milliseconds. During the database build procedure this value is replaced by a direct
offset into the tertiary test data (the ‘mapped’ rawseginfo).

15
961 The rawseginfo data structures are stored sequentially in order of hash in a
flat file structure called the BFF (‘big flat file'). Each leaf is a contiguous subsection of
the BFF consisting of precisely those rawseginfo data structures whose hashes have
their first d (‘depth’) bits equal, where d is in each case chosen such that the number

20 of rawseginfo data structures within the leaf is no greater than the applicable
‘maximum leaf size’ system parameter. The selection of the depth value can be
performed by first dividing the BFF into leaves each with depth value set to the value
of the ‘first cluster depth’ system parameter. Then any leaf with depth value d whose
size exceeds the ‘maximum leaf size' system parameter can be divided into two

25  leaves, each with a depth value of d plus one; this division procedure being repeated
until no leaves remain whose size exceeds the ‘maximum leaf size’ system
parameter.

[971 Figure 6 is a schematic diagram giving an overview of the structure of the
30 database 46 and the look-ups associated with each hash derived from the
programme audio.

[98]  There are two levels of index into the leaves of the daiabase.

35 1991 As discussed above, the database 46 takes the form of a binary tree of non-



[96] The rawsegi nfo data structures are stored sequentially in order of
hash in a flat file structure called the BFF ('big flat file). Each leaf is
a conti gwwoosusseet i on of the BFF consisting of preciseCy/Guosds1@asegi nf o
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i ndex %scrli bfe{%(hhelshape of the binary tree in a cluster and the sizes of
the | edVes Gt Hi WG An entry consists of the following. 25(i)An of f set
into the BFF 74 where the data for this cluster start. (ii) An encodi ng of
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t he node is

25 (i) An offset into the BFF 74 where the data for this cluster start.

(if) An encoding of the shape of the binary tree in the cluster. This is a bit stream
with one bit for each node (interior and leaf) of the tree, considered in the order
encountered in a depth-first traversal of the tree. The bit is a zero if the node is

30 interior, and 1 if it is a leaf. The bit stream is padded with 0 bits to the end of the last
byte if necessary.

(i)  The size of each leaf 72 in the cluster, in the order encountered in a depth-first
traversal of the tree, encoded in a compressed form such that most sizes are
35  expressed in a single byte.



30interior, and 1 if it is a leaf. The bit streamis padded with O bits to
the end of the last byte if necessary. (ii1) The size of each leaf 72 in
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one’or two, pass.

20 [106] To further increase the value extracted from the single random database disk
access the secondary test information can be compressed using an appropriate
compression algorithm.

[107] The tertiary test information consists of a sequence of tertiary test data 76

25 stfructures in order of track ID and time offset within that frack. Each of these
contains a time offset (in units of approximately 20 milliseconds) from the previous
entry, stored as a single byte, and a raw hash.

(108} The database 46 includes an index 78 into the tertiary test data 76 giving the

30 start point of each track. This index is designed to be small enough to fit into RAM
and therefore allow any desired item of tertiary test data to be fetched with a single
random access to the database file. Data 80 defining an entry into the tertiary test
data index 76 is provided with the secondary test data 82 in the BFF 74.

35 (1091 In order to reduce database access times, the database is advantageously



23 held on solid state disks rather than a traditional hard disks, as the
random access (or 'seek') tinmes for a solid stage disk are typically of the
order of wohlondisem2ti mes faster that a traditional hardrdird®oiisi@2t he

dat abase size allows, all the information can be stored in a conputer's
RAM Further, as indicated, with a vari &3l e-depth tree 5structure as many
bits of a hash can be taken as are required to reduce the nunber of
secondary tests performed below a set threshold, for exanple, a few
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However, in other exanples, the nunber of children of a node could be a

nunber ot he hag,.t ibndeed, it could vary ovey the tree., This
appr oach coif% b@thl?ggﬁ s%ﬂ?ud?rt FEFTP llgcﬁm%f)gwngﬁdﬁv?sf’%ed’ tdr?écrgqe?eégfi‘fe’t he
| eaves. As mndifitationsahd edditiars ara eRbisagtdi ihiother embodieeensd. r uct ure may be used
wher e Ohash can be stored for each of the children of a node, for exanple
for both the left and the right children of a node in a binary tree (known
as a 'spil | Hastelunctiohdenti fication of Duplicate Tracks 30 [1131 Optionally,
one could search the track database for duplicated sections of nusic. The
uni que sections (which we will call 'segnents') would then be stored in the
dat abase an1i)defdri dxamgleashediessbr fubetibnakar e Hiaiddste GriendedVLLRAS Sef@est age
will convert, t etl i stfof recloqni ﬁed Segne ts Lnt o.a List of tracks. Such an
appr oach mca‘lra ustness, for examplelo choose order of bits within the hash to maximise its
15 robustness with respect to the exact-match database look-up. Other pitch shift
invariant sources of entropy could be used with the full-scale database in addition to

the cepstral-type hash coefficients.

Database Tree
20 |
[112] In the above example, the database tree structure 70 is organised on a binary
basis. However, in other examples, the number of children of a node could be a
number other than two, and indeed, it could vary over the tree. This approach could
be used to further facilitate equalising the sizes of the leaves. As an alternative, or in
25  addition, a tree structure may be used where a hash can be stored for each of the
children of a node, for example for both the left and the right children of a node in a
binary free (known as a ‘spill tree’).

identification of Duplicate Tracks
30
[113] Optionally, one could search the track database for dupiicated sections of
music. The unique sections (which we will call ‘'segments’) would then be stored in
the database and identified as described above; a subsequent processing stage will
convert the list of recognised segments into a list of tracks. Such an approach would
35 involve further pre-processing, but would reduce the storage requirements of the



35i nvol ve further pre-processing, but would reduce the storage requirenents
of the 24 database and could accelerate real-tinme processing. Absolute

Ti me | nfovoabilons4®Bp114] In the above descri bed enbodi mreRrCI/GBroabsoi4at e time
for a tertiary test data entry is determ ned by scanning forward to it from
the start of that segnent, accunul ating2#éi ne deltas. Optionally, absolute
time markers could be included in a sequence of tertiary test data entries.
10Dat abase Thinning [115] In order to reduce the size of the secondary

t est dat abadatabatetandaoeldidtcaniatgreshtimberamesing.Thi s i nvol ves conputing a
"hash of a hash' to discard a fixed fraction of hashes in a determnistic
fashion. For exanple, to thin the database by a factor of 15 three, the

fol | owi ng nbklolite dtmeidorowtiome enpl oyed. For each hash generated those bits
which will need to be matched exactly in the database are considered as an
integer. If this integer is not exactly divisible_ by three, the hash is
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per f ormed. éA detern‘; ni,.Sti,c cc{agteri.on that is a function of the bits

i nvol ved inﬁqﬁgn%ex%é?ﬂiﬁgttgﬁ a%@%‘fit or reject hashes is used rather than
sinmply accepting or rejecting at randomw th a fixed probability, as the

Iattere]g}opr[?akcp v(\aotp‘idihave a nmuch greater adverse effect on the hash hit
rate, pec E\a ?fs a 'a?'égater thinning ratios. 25 Alternative Enbodi nents

[116] The enbodi ments descri bed above are by way of exanple only.
Al ternative di nent.s can envi ed within the iri nd scope of the
Sl 50 HET 7Tt e the 26 ok M Sabh At BielReS dndiee 16GNR o
respect to ddm&)d:\hsfydr efhis ihlaevesr dmtmng\aahamdfcxhdshdommrd;@mkm fﬂ’étlﬂl@n@m exact
match of digits of a source vector to entries in the -up taple, erein
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simlarity hetween the source vector and each of the 25 gro of reference
vectors to '?'t&e‘f\{i\ﬁ'fzti’ 9"”325'99‘?3? g’?eﬂ@@h%@f‘ﬁ‘%g ‘thg_f’ J%t%’aéﬁr?d? P%*gg‘iegr?%? chi ng
t heI source Eﬁﬁdéﬁ_ wmls Rifdget & ﬁd%%xé@fyeﬂ\ﬁﬁﬁ!@.=mﬁie@% m@_rﬁagilats qig&ae%éc@rtﬁataer 14
eval uati on en i nvol ve etermnin degree of simlarity between one or
more furt he$°e§cﬂ?i get ‘U%'H?‘?ff@ tﬁﬁ(ﬁ'ag\?@g%gu’ﬁg'%@ rOHE® tFQé"I?‘éP%tﬁE@ VEEHEes, the
further soufg®@ash that fails this criterion is encountered when processing programme material,
20 i is known immediately that it will not be in the database and therefore no look up

would be performed. A deterministic criterion that is a function of the bits involved in

the exact match to accept or reject hashes is used rather than simply accepting or

rejecting at random with a fixed probability, as the latter approach would have a much

greater adverse effect on the hash hit rate, especially at greater thinning ratios.

25
Alternative Embodiments
116} The embodiments described above are by way of example only. Alternative
embodiments can be envisaged within the spirit and scope of the claims.

30

[117] For example, in the example embodiments described with respect to the
Figures, the primary evaluation includes performing an exact maich of digits of a
source vector to entries in the look-up table, wherein each entry in the look-up table is
associated with a group of reference vectors. The secondary evaluation then
35  includes determining a degree of similarity between the source vector and each of the



5 vectors and the further reference vectors each being separated in tine
fromthe source vector and the candi date reference vector, respectively.
The secomwlarygtiasgr2eertiary eval uations invol ve random aecCegiBee11is1d4he
storage hol di ng the database of reference vectors. It is to be noted that

t he dat abase of reference vectors can bé5of a substantial size, for exanple
of the order or larger than 10 terabytes. 10 [1181 Where the processing is
performed using an apparatus that is forned by a stand-al one or networked
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t he database and so sequential accesses can be used”to storage to reduce
access tinmes. In an alternative enbodi nent the database of reference
vectors is stored in order of increasing hash value for the purposes of
perform ng secondary tests, and the set of candidates for tertiary

eval uati on woul d be collected and sorted by track nunber to allow
sequenti al



30accesses to be used to storage for the purposes of performng tertiary
tests. 27 Clains 1. Apparatus for providing autonmatic recognition of
sour ce mewiDaotiaisseAat from a source signal by conpari sonPCo/GRbEVESNER nedi a
content, the apparatus including: 5 a spectrogram generator operable to
generate a spectrogramfromthe source g6gnal by applying a Fourier
transformto the source signal, the spectrogramincluding a plurality of
colums, each colum being representative of a tine slice and including a
plurality dfestrimguendye Bfasneaciedizzgatebast aft iefarende veatespédiigwe & afige of
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conpri si ng vebrd. oomwpetcﬁhbaj avgludtion S@ﬂ(ﬁ)ﬁﬂewaﬁﬁmesdetermmmg a deghey @fn t he
first vectors,are,ejther, source %ctors or refgren ctors anfd 25t he

second vectYPLArty LepyRen JhRHUTEPt [§18rebet Vestel a8 ?H%Olf%qf B Boeee
vectors, eaegbtoreteidently Mgcidiicd e@cn@setnaﬂ ae @arfdidmssior meatafmg ke s@fres ence
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15  then involve determining a degree of similarity between one or more further source
vectors and one or more further reference vectors, the further source vectors and the
further reference vectors each being separated in time from the source vector and
the candidate reference vector, respectively. The secondary evaiuations would
involve random accesses o the storage holding the database of source vectors, but
20 as this is relatively small, it can be held in random access memory. The tertiary
evaluations would involve accesses to the storage holding the database of source
vectors and the database of reference vectors. In one embodiment the database of
reference vectors is stored in natural order, that is, frack by track and with the vectors
stored in time order within each track. In this embodiment the lookups involved in the
25  tertiary evaiuations will relate to adjacent entries in the database and so sequential
accesses can be used to storage o reduce access times. In an alternative
embodiment the database of reference vectors is stored in order of increasing hash
value for the purposes of performing secondary tests, and the set of candidates for
tertiary evaluation would be collected and sorted by track number to allow sequential
30  accesses to be used to storage for the purposes of performing tertiary tests.



time slice, the vector generator is operable: 30for at |east one sel ected
frequency bin of atinme slice, to calculate ratios of that bin and an

adj acent WO 21wmsar22adj acent frequency bin fromthe col urTiGB2011MS1042 e
slice; and to divide the ratios into ranges to generate at |east one
selected digit for each 28 3. The apparatus of claim2, wherein for
generating at |east one vector for atine slice, the vector generator is
oper abl e: for at |east one selected frequency bin of a tinme slice,
to cal cul at@aimasi os of that bin and an adjacent or near adjacent frequency
bin fromthe colum for the tine slice; and to divide the ratios into
ranges to generate two binary digits for each ratio. 4. The apparatus of
claim2 or %l ai My@arathefosipmvidity hetomatig escoghitibe of batroesrdnatoatinéfforas i os to

: . : : SO : | b _
B he appatulba i b SoBfiRen G FerbieBth Mol B HPealERs S G ener ot or
i s operabl e: 15ta)srymtregratregma?ét050pemb[e¢@gammraosmctrg%rfanﬂeiqmmg%sd§1r3?Ce

d f f 4 10 an sec
vector usi P 2 oEALGE B eelne vl A b s e S608N L BeRue penaidtie o
3000Hz. 6.2 fhaliypyachius, e&cmmrummeei]tcng rbm?@ﬁeﬁm?bfragimé aiidﬁmndvuwhemcﬂngl, for

/ or.a.ti slice:

dpect r ogr arf BERUN:ROREBRE, B cREh PepriSituee T Rapenke repascet befusnrsy
appl yi ng a deoyonentstforeths timensiteoftthe ssmge signal, gnal , the further spectrogram
I ncl udil_rag a plurali tt :J ' representative. of

: : dr. o e??l {Dap Ie?Ch é:o'tu bewg ur cior ij a
tinme sii’ce and ihEFUHiFGeLY WELAAIE P 9F q‘r?&rﬁgé?ﬁ,sy 7 ASHEAYRC PRI Bt at i ve
of a respedticeef tengmurcd sihhalgenayulating ratios of magnitudes of selected frequency
bins from the column for the time slice and to quantise the ratios fo generate digits of
a source vecto:l";
a primary evaluator operable to perform a primary evaluation by performing an
15 exact match of digits of first vectors to entries in a look-up table, wherein each entry
in the look-up table is associated with a group of second vectors and wherein the
number of digits of the first vectors used to perform the exact match differs between
entries in the look-up tabie;
a secondary evaluator operable to perform a secondary evaluation to
20 determine a degree of simitarity between the first vectors and each of the group of
second vectors to identify any second vectors that are candidates for matching the
source media content to the reference media content; and
a database comprising the look-up table and the second vectors,
wherein the first vectors are either source vectors or reference vectors and
25 the second vectors are the other of the source vectors and the reference vectors,
each reference vector representing a time slice of the reference media content.

2. The apparatus of claim 1, wherein, for generating at least one vector for a
time slice, the vector generator is operable:

30 for at least one selected frequency bin of a time slice, to calculate ratios of
that bin and an adjacent or a near adjacent frequency bin from the column for the
time slice; and

to divide the ratios into ranges to generate at least one selected digit for each
ratio.



25 conponents for the time slice of the source signal and to apply a
further Fourier transformto the respective frequency bins fromthe colum
for the twoeosliseR2t 0 generate a respective set of coef PCTiGEWH0581d

the vector generator is operable to generate the further source vector such
that, for a set of N coefficients in a @glum for a tine slice, for each of
elements 2 to 30 N1 of the further source vector, an nth elenent is forned
by the square of the nth coefficient divided by the product of the (n-1)th
coefficient and the (n+l)th coefficient; and to quantise the el enments of

the resul ti % or..t n e,at, | one diqgit, for each elenment. 29
is an audi og'gi gﬁgrfe éfr?&?%tﬁgoﬁ% u%’n\%??eégﬁcs#r quQgrangg@E Lega{%r}% ‘fﬁch% f%[raeﬁme

al | ocat ed aglicertie ngetbogeneratgaisiophrabte: scal e. 8. The apparatus of any one of
t he preceding clagj ein: Sthe | ook-up table is organis as. a

var i gbl e deptg h t’?’égls leégﬁlg'ﬁuegS%’S“F%Q(?&é’?”‘iyh%ﬁt"iﬁ m%éﬁ?‘f’g t?r?ﬁl?)?%ge Eﬁjmﬁ ¥ rst
vector; 5 that biramoH dnemfackot omnean adjacent fraguehey bio Glormuihetaahlnen &8 sieciiras ed
with a respe %j ve, group of second vectors; t he nunber of digits
| eading to s@% H%af is determined to provi de substantially 10equally sized
groups of secondowdddeoths rétws itachndesad gelerafthaoaipray aigis fofeach At 8,

wher ei n: the nunber of digits leading to each | eaf fornms the nunber
of digits of the first vector used to performthe exact match for a given

| eaf. 15 14. THEhecgmparansst adimcd ai ¢ixith Hrwhekeihm 9, wherein each | eaf of the

i g1 £ o %ier oi n 6 Capys BRRE CopePeSHERT ol herariien o, SHeEtaT e oag e
2011. The apfistrindities ddfratnalesdedtedrangescedi ng cl ai ns, wherein the

secondary evaluator is operable to performthe secondary evaluation using a
di stance netric to determne the degree of simlarity between the first

vector and ®ach THe sfirguowp adf oheCIINIiIvE @ 8, wherein the vector generator is
operable;
15 to generate a first source vector using frequency bins selected from a
frequency band from 400Hz to 1100Hz and a second source vector using frequency
bins selected from a frequency band from 1100Hz to 3000Hz.

8. The apparatus of any one of the preceding claims, wherein, for generating a
20 further source vector for a time slice:
the spectrogram generator is operable to generate a further spectrogram by
applying a Fourier transform to the source signal, the further spectrogram including a
plurality of columns, each column being representative of a time slice and including a
plurality of frequency bins each representative of a respective range of frequency
25  components for the time slice of the source signal and to apply a further Fourier
transform to the respective frequency bins from the column for the time slice to
generate a respective set of coefficients; and
the vector generator is operable to generate the further source vector such
that, for a set of N coefficients in a column for a time slice, for each of elements 2 to
30 N-1 of the further source vector, an nth element is formed by the square of the nth
coefficient divided by the product of the (n-1)th coefficient and the (n+1)th coefficient;
and to quantise the elements of the resulting vector to generate at least one digit for
each element.

35 7. The apparatus of any one of the preceding claims, wherein the source sig'naf



2512. The apparatus of any one of the preceding clains, further including a
tertiary evaluator, the tertiary evaluator for performng a tertiary

eval uat i omof2or1/@mpe2second vector identified as a candi daCe/GE2hBE/AS5ewRi ary
eval uator being operable to determne a degree of simlarity between one or
nore further first vectors and one or maee further second vectors
corresponding to the candi date second vector identified in the 30secondary
eval uation. 13.The apparatus of claim 12, where the further first vectors
and t he furishar asdiosgnekeeandribeafrequeepas atfethel spedtogrd dring heee fallosstesdect or

and the cang‘%?g%rgg t%eaCEBQQritHr%ﬁ:ts%le respectively. 30 14. The apparatus of
the g clai )

any one of preecedi ns, wherein the source signal is a received
programme signal. 15. The apparatus of claim 14, including a record

gener at or era E&CO . .t ched medi a cont ent of
t he progr aﬁré)fe sibgﬁea%p%a%@s%%n& 02‘%6’5%%@‘%‘”@F’gﬁ"ﬁﬁ?fﬁ‘%m udi ng a cue sheet
gener at ér oper abhe igak-etableais orgardsesl aheetrialle nepthytretgletlieg tateives| thedi a
cont ent . 1q&g]bm%gqﬁ@%egtgg%&@gt\)%gke one of the preceding clains, wherein the

second vectors ar rTs and the apparatus is configured to
gener at e t he datesishdeaff foons tdneestouircthevieok-apstable ds8ocidied wiipar @bpesctiof  any

one of the precedi L, the apparatus including at 15| east one
processor agﬂ'as%ﬁg‘%r%g%&g%%m&mputer sof tware operable to inplenment the

spect r ogr am genehahompet dfedigisbadieg toosachdeafriatiolermindd thproeidalsubdtantsally  19.
A0 U1 P L REOGNN BB IELGK LSl SUhgmR! e recount 1 on source med) 2
met hod 20i ncl udi ng:

9 The apparatus of claim 8, wherein;

the number of digits leading to each leaf forms the number of digits of the first
vector used to perform the exact match for a given leaf.
15
10.  The apparatus of claim 8 or claim 9, wherein each leaf of the look-up table
identifies a group of second vectors having d matching digits, wherein d corresponds

{o the depth of the tree to that leaf.

20 11, The apparatus of any one of the preceding claims, wherein the secondary
evaluator is operable to perform the secondary evaluation using a distance metric fo
determine the degree of similarity between the first vector and each of the group of
second vectors.

25 12, The apparatus of any one of the preceding claims, further including a tertiary
evaluator, the tertiary evaluator for performing a tertiary evaluation for any second
vector identified as a candidate, the tertiary evaluator being operable to determine a
degree of similarity between one or more further first vectors and one or more further
second vectors corresponding to the candidate second vector identified in the

30  secondary evaluation.

13.  The apparatus of claim 12, where the further first vectors and the further
second vectors are separated in time from the first vector and the candidate second
vector, respectively.

35



generating a spectrogramfromthe source signal by applying a Fourier
transformto the source signal, the spectrogramincluding a plurality of

col umms, wachiwshan being representative of a tinme sli eeTartimsiudi ng a
plurality of frequency bins each representative of a respective range of
frequency conponents for the tinme slice3@50f the source signal;

generating at |east one source vector for a tine slice of the source signal
by cal culating ratios of nmagnitudes of selected frequency bins fromthe

col um for the tTheeamiaraios ahdnyaasof tergretdting daimss wheraje ther stuecedsignals of a

source vectgr,; r ) Loary eval uation by exact matching of digits
of first vetgt OrF§§¥%@6r§g{égnnrﬁ$ ?’éé&?n a | ook-up table, wherein each entry in
the | ook-up table is associated with a group of second vectors and wherein

t he nunber digi t f ' V. t orm.the, exact .match
differs bethH;éen %‘net %p%sratlhg {%ié{"fté%'lg-ﬁﬁ%@'b ggﬁg&ﬂgﬁ% nQ.%EJr Opgt)aebllef %)ré?nﬁﬁatg
secondary e sdcoat ¢fdhe tratahetienedia eordertatheeprogragime bignalt y bet ween the first
vectors and each of the group of second vectors to identify any 35second
vectors that are candidates for matching the source nedia content to the

31 referenct.nedite epparatus, ofnhiainei 15, andadind as eus taheets geheratop ddpergibié abl e and
t he second ei.a.the first vect.ors are either source vectors
or referenc%e(%\%é%%%rcgg%lﬂggﬁﬂ%ﬂt@ér&%ﬁg r('/%tgl?%d\r/ € '?&"P‘%Egot her of the source

vectors and the reference vectors, 5each reference vector representing a
time sljce t reference dia ntent . ..20. The t hod,,of clajm19
wher ei nlogengﬂ;‘ ati %ﬁp%f%%ﬂss?f %}FS(GOT\%OE&% PIEGEAINg Claims. %F@éﬂ fhr(?c,sleﬁ‘i’fﬁs\.’?&oré .
for at | easdreche seetcectantbr raaguibncapparatuois eorfigiredsiol generstal theldatdbager at i 0s
of that 10bfi n_and_ an adé(? cent or a near adjacent frequency bins fromthe
col um for THE "SRG Y S and di vi di ng the ratios into ranges to generate
at | east one selected digit for each
18.  The apparatus of any one of the preceding claims, the apparatus including at
15  least one processor and storage and computer software operable to implement the

spectrogram generator, the hash vector generator and the evaluators.

19.  An automatic recognition method for the automatic recognition source media
content from a source signal by comparison to reference media content, the method
20 including:
generating a spectrogram from the source signal by applying a Fourier
transform to the source signal, the spectrogram including a plurality of columns, each
column being representative of a time slice and including a plurality of frequency bins
each representative of a respective range of frequency components for the time slice
25  of the source signal;
generating at least one source vector for a time slice of the source signal by
calcuiating ratios of magnitudes of selected frequency bins from the column for the
time slice and quantising the ratios to generate digits of a source vector;
performing a primary evaluation by exact matching of digits of first vectors to
30  entries in a look-up table, wherein each entry in the look-up table is associated with a
group of second vectors and wherein the number of digits of the first vectors used to
perform the exact match differs between entries in the look-up table; and
performing a secondary evaluation to determine a degree of similarity
between the first vectors and each of the group of second vectors to identify any
35 second vectors that are candidates for matching the source media content to the



ratio. 1521. The nethod of claim 20, wherein generating at |east one vector
for a tine slice includes: for at | east one selected frequency bin
of a tinmewel2ote@ls4al cul ating ratios of that bin and an &djragBenti/msno4aear

adj acent frequency bin fromthe columm for the tine slice; and 20di vi di ng
the ratios into ranges to generate two Biinary digits for each ratio. 22.The
nmet hod of claim 20 or claim 21, wherein: the ranges differ between
selected ratio bins to provide a substantially equal distribution of ratio
val ues bet wetsrencgrgedia coent23. The met hod of any one of clains 20 to 22,

I ncl udi ng: rakl f r e ' y bins
sel ected froma Wﬁeggﬁgn‘%é aﬁgm{ %%%EA%W{%}%%&E gg‘#\d(;%a\;eé@g%%ﬁ?sour ce
vect or usi ng fr evhessioythdifired veetbescareceithen soercé vegomsneryrefaranice ventorg 180dHz t o

3000Hz. 30 thgé&%‘? | vé@&tjgoge%e Y er%??@%oﬂc%@?o@ gﬁtg }@63 refjer%%équagrs

generating a er source vector genérating
a furthér spebtefepramvectomephaseniinga tiveglicd ofdhe sgfptepcaediakmmiardr transform
to the source signal, the further spectrogramincluding a plurality of

35col ums, each colum being representative of a tinme slice and including a
plurality of0. 32THer mgthedcyf didims 1% asiereiopgarseattngt atvieasifore vestpefot iaviime ange

of frequenc icgﬁh%%ggnts for the tinme slice of the first signal;

applying a ourier transformto the respective frequency bins from

the col umm for tfbeaitlesxs oskiselected figgnenathen af a dspeatdite, walcskting fatoeef tHati ent s;

59ene_r alt()' ng%:li gﬁd %Hréo?aec%nF 8|”:5 ?\Saiy g&;}agernt ?r%&ﬂergc@abtins Frgrgw tﬁe chlrljm%f forN the time
coefficients i
slice; and
dividing the ratios into ranges to generate at least one selected digit for each

ratio.

15 21. The method of claim 20, wherein generating at least one vector for a time
slice includes;
for at least one selected frequency bin of a time slice, calculating ratios of that
bin and an adjacent or near adjacent frequency bin from the column for the time slice;
and

20 dividing the ratios into ranges to generate two binary digits for each ratio.

22.  The method of claim 20 or claim 21, wherein:
the ranges differ between selected ratio bins to provide a substantially equal
distribution of ratio values between ranges.
25
23.  The method of any one of claims 20 to 22, including:
generating a first source vector using frequency bins selected from a
frequency band from 400Hz to 1100Hz and a second source vector using frequency
bins selected from a freguency band from 1100Hz to 3000Hz.
30
24, The method of any one of claims 19 to 23, including generating a further
source vector for a time slice by:
generating a further spectrogram from the first signal by applying a Fourier
transform to the source signal, the further spectrogram including a plurality of

35 columns, each column being representative of a time slice and including a plurality of



colum for a tine slice, for each of elenments 2 to N1 of the further
source vector, an nth elenent is fornmed by the square of the nth

coeffici ewD2diwvis¢ed by the product of the (n-1)th coeffipCraR20andidse
(n+l)th coefficient and quantising the elenments of the resulting vector to
generate at |east one digit for each el 8&ent. 10 25. The net hod of any one
clains 19 to 24, wherein the source signal is an audio signal and the
frequenci es of the spectrogrambins are allocated according to a

| ogari t hm cfreaugney bing ZEgciTriepraseniativecs’ argspeciveoings af frequedicy corponeiter ei n:

the | ook- upsel Al iftnd Qic@{y@ﬁ@f?ﬁ%i@#'a vari able depth tree leading to | eaves,

the tabl e being I ndexe 'st vector; each leaf fornms an
entry in the | ockeplyna alfirthenEouidrdtangfonnttn the rasppeiveifregugnayipnofromdbend

" _ e8! : | k ofros
vectors édnﬁnmmﬁéufﬂéagﬁqgt@né@gﬁdgP@sp%&w%as%boiéoaeg‘.cﬁé\t Jetermned to

provi de substantially e Sl ze roups of second vectors for each | eaf.
27. The Smet hod odenefalingntis furlesedrne vector such that, farleesetwnfidecoadficietitgirt s

[eding L0 SRS 1SALuhoLE, KISABNIRERneleth OKS, Alud DRiElKafoo Rl g used
clai m 27, wibreldmensas Formedfbydhe shigarecaikhe it edrfiiciénd aividdd lesthe godug obf -
Speond vect i SohaH AR aRPYEI G oo 8ol 0BG SP B, 051

i ncl udi ng pesfilngvedornthgeseetenideast evabigdforarachelenterd di st ance netric to
determ ne the degree of simlarity between the first vector and each of the
group of second vectors. 33 evaluation for any second vector identified as
a candi dat €25.t heTheemeihad pf amabuatirioms 19 24 iwhgrale ther sdundengjgraal tegr eediof

Furt hor  sectuir v BParerBeR o fPesridiah Mt 9 2uBHled Afedicbor

i denti fi ed Ibgaritheicsealendary eval uati on.

15 26.  The method of any one of claims 19 to 25, wherein:
the look-up table is organised as a variable depth tree leading to leaves, the
table being indexed by the first vector;
each leaf forms an entry in the look-up table associated with a respective
group of second vectors;
20 the number of digits leading to each leaf is determined to provide substantially
equally sized groups of second vectors for each leaf.

27.  The method of claim 26, wherein:
the number of digits leading to each leaf forms the number of digits of the first
25  vector used to perform the exact match for a given leaf.

28.  The method of claim 26 or claim 27, wherein each leaf of the look-up table
identifies a group of second vectors having d matching digits, wherein d corresponds
to the depth of the tree to that leaf.

30
29.  The method of any one of claims 19 to 28, including performing the secondary
evaluation using a distance metric to determine the degree of similarity between the

first vector and each of the group of second vectors.

35 30. The method of any one of claims 19 to 29, including performing a tertiary



5 31The nethod of claim 30, wherein the further first vectors and the
further second vectors are separated in time fromthe first vector and the
candi dat eweeound4xeect or, respectively. 1032. The net hod eCTaBRoOMS1@E Cl ai N
19 to 31, wherein the source signal is a received programre signal. 33.The
met hod of claim 32, including generating3a record of the matched nedia
content of the programrme signal. 15 34. The nethod of claim 33, including
generating a cue sheet identifying the matched nedia content. 35. The

met hod- of awgluatien & arlyasermnd Yvector 3dentifibe rasi @ cehdidatec thed tartiary ceveluatien t he
20sour ce vaeh o, B0 AR AR BE P <R Ml ol 8 EASLANG hliS.dptabase
fromthe soufce Vectors "o conput er “program product” 1ncludi ng program

i nstructi ormdopes ablneoredfudber yeaut! veutorsaolredpardirgnto Uree cafdiddtaisesod to
35.

vector identified in the secondary evaluation.

31 The method of claim 30, wherein the further first vectors and the further
second vectors are separated in time from the first vector and the candidate second

vector, respectively.

10 32,  The method of any one of claims 19 to 31, wherein the source signal is a
received programme signal.

33.  The method of claim 32, including generating a record of the maiched media
content of the programme signal.

15
34. The method of claim 33, including generating a cue sheet identifying the

matched media content.

35.  The methodof any one of claims 19 to 34, wherein the second vectors are the
20 source vectors and the apparatus is configured to generate the database from the
source vectors

36. A computer program product including program instructions operable to carry
out the method of any one of claims 19 to 35.



