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frequency changes over time, in addition to in-band amplitude changes over time. 

 

[6] However, there remains a need for an apparatus, system and method for more 

efficient and more reliable identification of audio media content.  

 5 

Summary 

 

[7] Aspects of the invention are defined in the claims. 

 

[7A] In one aspect defined in Claim 1, there is provided an automatic recognition 10 

method for the automatic recognition source media content from a source signal by 

comparison to reference media content, the method 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 15 

representative of a respective range of frequency components for the time slice of the 

source signal; generating at least one source vector for a time slice of the source 

signal by calculating 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, 

wherein generating at least one vector for a time slice includes, for at least one 20 

selected frequency bin of a time slice, calculating ratios of that bin and an adjacent or 

a near adjacent frequency bin from the column for the time slice, and dividing the 

ratios into ranges to generate at least one selected digit for each ratio; performing a 

primary evaluation by exact matching 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 25 

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 second vectors that are candidates for 

matching the source media content to the reference media content, wherein a 30 

database stores the look-up table and the second vectors, and  wherein the first 

vectors are either source vectors or reference vectors and 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.  
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[7B]  In another aspect defined in Claim 6, there is provided an automatic 

recognition method for the automatic recognition of source media content from a 

source signal by comparison to reference media content, the method 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 5 

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 of the 

source signal; generating at least one source vector for a time slice of the source 

signal by calculating 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; 10 

performing a primary evaluation by exact matching 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 table; and performing a 

secondary evaluation to determine a degree of similarity between the first vectors and 15 

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, 

wherein a database stores the look-up table and the second vectors, and wherein the 

first vectors are either source vectors or reference vectors and the second vectors are 

the other of the source vectors and the reference vectors, each reference vector 20 

representing a time slice of the reference media content; the method further 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 columns, each column being 

representative of a time slice and including a plurality of frequency bins each 25 

representative of a respective range of frequency components for the time slice of the 

first signal; applying a further Fourier transform to the respective frequency bins from 

the column for the time slice to generate a respective set of coefficients; generating 

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 N-1 of the further source vector, an nth element is 30 

formed by the square of the nth coefficient divided by the product of the (n-1)th  
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coefficient and the (n+1)th coefficient and quantising the elements of the resulting 

vector to generate at least one digit for each element. 

 

[7C] In a further aspect defined in Claim 18, there is provided an apparatus for 

providing automatic recognition of source media content from a source signal by 5 

comparison to reference media content, the apparatus including: a spectrogram 

generator operable to generate 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 10 

for the time slice of the source signal; a vector generator operable to generate at least 

one source vector for a time slice of the source signal by calculating ratios of 

magnitudes of selected frequency bins from the column for the time slice and to 

quantise the ratios to generate digits of a source vector, wherein, for generating at 

least one vector for a time slice, the vector generator is operable, for at least one 15 

selected frequency bin of a time slice, to calculate a ratio of magnitudes 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; a primary evaluator operable to perform a primary evaluation by performing an 

exact match of digits of first vectors to entries in a look-up table, wherein each entry in 20 

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; a secondary evaluator operable to perform a secondary 

evaluation to determine a degree of similarity between the first vectors and each of 

the group of second vectors to identify any second vectors that are candidates for 25 

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 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.  30 

 

[7D] For generating at least one vector for a time slice, the vector generator can be 

operable: for at least one selected frequency bin of a time slice, to calculate ratios of 

that bin and an adjacent or near adjacent frequency bin from the column for the time 

slice; and to divide the ratios into ranges to generate two binary digits for each ratio.  35 
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The ranges can differ between selected ratios to provide a substantially equal 

distribution of ratio values between ranges.  The vector generator can be operable to 

generate a said source vector using frequency bins selected from a frequency band 

from 400Hz to 1100Hz and/or using frequency bins selected from a frequency band 

from 1100Hz to 3000Hz.  For generating a further source vector for a time slice: the 5 

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 components 

for the time slice of the source signal and to apply a further Fourier transform to the 10 

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 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 15 

coefficient; and to quantise the elements of the resulting vector to generate at least 

one digit for each element. 

 

[7E] In yet a further aspect defined in Claim 19, there is provided an apparatus for 

providing automatic recognition of source media content from a source signal by 20 

comparison to reference media content, the apparatus including: a spectrogram 

generator operable to generate 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 25 

for the time slice of the source signal; a vector generator operable to generate at least 

one source vector for a time slice of the source signal by calculating ratios of 

magnitudes of selected frequency bins from the column for the time slice and to 

quantise the ratios to generate digits of a source vector; a primary evaluator operable 

to perform a primary evaluation by performing an exact match of digits of first vectors 30 

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 table; a secondary 

evaluator operable to perform a secondary evaluation to determine a degree of 

similarity between the first vectors and each of the group of second vectors to identify 35 
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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 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 5 

content; wherein, for generating a 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 components 10 

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 N-1 of the further source vector, an nth element is formed by the square 15 

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. 

 

[7F] The source signal can be an audio signal and the frequencies of the 20 

spectrogram bins can be allocated according to a logarithmic scale.  The look-up table 

can be organised as a variable depth tree leading to leaves, the table being indexed 

by a first vector, each leaf forming an entry in the look-up table associated with a 

respective group of second vectors, the number of digits leading to each leaf being 

determined to provide substantially equally sized groups of second vectors for each 25 

leaf.  The number of digits leading to each leaf can form the number of digits of the 

first vector used to perform the exact match for a given leaf.  Each leaf of the look-up 

table can identify a group of second vectors having d matching digits, wherein d 

corresponds to the depth of the tree to that leaf.  The secondary evaluator can be 

operable to perform the secondary evaluation using a distance metric to determine 30 

the degree of similarity between the first vector and each of the group of second 

vectors.  A tertiary evaluator can be provided 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 35 
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in the secondary evaluation.  The further first vectors and the further second vectors 

can be separated in time from the first vector and the candidate second vector, 

respectively.  The source signal can be a received programme signal.   A record 

generator can be operable to generate a record of the matched media content of the 

programme signal.  A cue sheet generator can be operable to generate a cue sheet 5 

identifying the matched media content.  The second vectors can be the source 

vectors and the apparatus can be configured to generate the database from the 

source vectors.  The apparatus can including at least one processor and storage and 

computer software operable to implement the spectrogram generator, the hash vector 

generator and the evaluators.  10 

 

[8] In an example embodiment, automatic recognition of sample media content is 

provided.  A spectrogram is generated for successive time slices of audio signal.  One 

or more sample vectors are generated for a time slice by calculating ratios of 

magnitudes of respective frequency bins from a column for the time slice.  In a 15 

primary evaluation stage (primary test stage) 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 

performed to identify any reference vectors that are candidates for matching the 20 

sample media content, each reference vector representing a time slice of reference 

media content.  The vectors can also be variously described as “hashes”, “hash 

vectors”, “signatures” or “fingerprints”. 

 

[9] An embodiment of the invention can provide scalability and efficiency of 25 

operation.  An embodiment of the invention can work efficiently and reliably with a 

very large database of reference tracks.   

 

[10] An embodiment of the invention can employ hashes with good discriminating 

power (a lot of ‘entropy’) so that a hash generated from programme audio tends not to 30 

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 

relatively robust to distortions.  Sets of spectral hashes can be generated from these  

  35 
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Claims 

 

1. An automatic recognition method for the automatic recognition of source media 

content from a source signal by comparison to reference media content, the method 

including: 5 

 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 of 

the source signal; 10 

 generating at least one source vector for a time slice of the source signal by 

calculating 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, 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 a near adjacent frequency 15 

bin from the column for the time slice, and dividing the ratios into ranges to generate at 

least one selected digit for each ratio;  

 performing a primary evaluation by exact matching 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 20 

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 second vectors 

that are candidates for matching the source media content to the reference media 

content,  25 

 wherein a database stores the look-up table and the second vectors, and  

 wherein the first vectors are either source vectors or reference vectors and 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. 

 30 

2. The method of claim 1, 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 35 

 dividing the ratios into ranges to generate two binary digits for each ratio. 
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3. The method of claim 1 or claim 2, wherein: 

 the ranges differ between selected ratio bins to equalise distribution of ratio 

values between ranges. 

 

4. The method of any one of claims 1 to 3, including:  5 

 generating a said source vector using frequency bins selected from at least one 

of a frequency band from 400Hz to 1100Hz and a frequency band from 1100Hz to 

3000Hz. 

 

5. The method of any one of claims 1 to 4, including generating a further source 10 

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 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 15 

slice of the first signal; 

 applying a further Fourier transform to the respective frequency bins from the 

column for the time slice to generate a respective set of coefficients;  

 generating 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 N-1 of the further source vector, an 20 

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 quantising the elements of the 

resulting vector to generate at least one digit for each element. 

 

6. An automatic recognition method for the automatic recognition of source media 25 

content from a source signal by comparison to reference media content, the method 

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 30 

each representative of a respective range of frequency components for the time slice of 

the source signal; 

 generating at least one source vector for a time slice of the source signal by 

calculating 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;  35 

  



 
 

  

29  

 performing a primary evaluation by exact matching 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 table; and 

 performing a secondary evaluation to determine a degree of similarity between 5 

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,  

 wherein a database stores the look-up table and the second vectors, and 

 wherein the first vectors are either source vectors or reference vectors and the 10 

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; 

 the method further including generating a further source vector for a time slice 

by: 

generating a further spectrogram from the first signal by applying a 15 

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 components for the time slice of the first signal; 

applying a further Fourier transform to the respective frequency bins 20 

from the column for the time slice to generate a respective set of coefficients;  

generating 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 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 quantising 25 

the elements of the resulting vector to generate at least one digit for each 

element. 

 

7. The method of any one of claims 1 to 6, wherein the source signal is an audio 

signal and the frequencies of the spectrogram bins are allocated according to a 30 

logarithmic scale. 
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8. The method of any one of claims 1 to 7, 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; 5 

 the number of digits leading to each leaf is determined to equalise the size of 

groups of second vectors for each leaf. 

 

9. The method of claim 8, wherein: 

 the number of digits leading to each leaf forms the number of digits of the first 10 

vector used to perform the exact match for a given leaf. 

 

10. The method 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 to 

the depth of the tree to that leaf. 15 

 

11. The method of any one of claims 1 to 10, 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.  

 20 

12. The method of any one of claims 1 to 11, including performing a tertiary 

evaluation for any second vector identified as a candidate, the tertiary evaluation 

including determining 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 secondary evaluation. 25 

 

13. The method of claim 12, wherein the further first vectors and the further second 

vectors are separated in time from the first vector and the candidate second vector, 

respectively.  

 30 

14. The method of any one of claims 1 to 13, wherein the source signal is a 

received programme signal.  

 

15. The method of claim 14, including generating a record of the matched media 

content of the programme signal. 35 
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16. The method of claim 15, including generating a cue sheet identifying the 

matched media content. 

 

17. The method of any one of claims 1 to 16, wherein the second vectors are the 

source vectors and the apparatus is configured to generate the database from the 5 

source vectors.  

 

18. A computer program product including program instructions operable to carry 

out the method of any one of claims 1 to 17. 

 10 

19. Apparatus for carrying out the method of Claim 1 or any Claim dependent 

thereon, the apparatus including: 

 a spectrogram generator operable to generate 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 15 

plurality of frequency bins each representative of a respective range of frequency 

components for the time slice of the source signal; 

 a vector generator operable to generate at least one source vector for a time 

slice of the source signal by calculating ratios of magnitudes of selected frequency bins 

from the column for the time slice and to quantise the ratios to generate digits of a 20 

source vector, wherein, for generating at least one vector for a time slice, the vector 

generator is operable, for at least one selected frequency bin of a time slice, to 

calculate a ratio of magnitudes 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 

 a primary evaluator operable to perform a primary evaluation by performing an 

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 table;  30 

 a secondary evaluator operable to perform a secondary evaluation to determine 

a degree of similarity 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,  35 

 wherein the first vectors are either source vectors or reference vectors and the 
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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. 

 

20. Apparatus for carrying out the method of Claim 6 or any Claim dependent 

thereon, the apparatus including: 5 

 a spectrogram generator operable to generate 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 of the source signal; 10 

 a vector generator operable to generate at least one source vector for a time 

slice of the source signal by calculating ratios of magnitudes of selected frequency bins 

from the column for the time slice and to quantise the ratios to generate digits of a 

source vector; 

 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 table;  

 a secondary evaluator operable to perform a secondary evaluation to determine 20 

a degree of similarity 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 the 25 

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; 

 wherein, for generating a 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 30 

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 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  35 

the vector generator is operable to generate the further source vector 
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such that, for a set of N coefficients in a column for a time slice, for each of 

elements 2 to 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. 5 

 

21. The apparatus of Claim 19 or Claim 20, 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 10 

corresponding to the candidate second vector identified in the secondary evaluation. 

 

22. The apparatus of any one of Claims 19 to 21, the apparatus including at least 

one processor and storage and computer software operable to implement the 

spectrogram generator, the hash vector generator and the evaluators.  15 
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