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The technique of decomposing a complex signal into mult iple f requency bins may be done 

by a technique known as a Fourier Transform. So in our case, PCM data shown in the f igure 

below is run through a Windowed Fast Fourier Transform (FFT):   

 

PCM Aud io  S igna l  

 

After running the data through the FFT, a frequency spectrogram is generated simi lar to the 

one shown below: 

 

PCM Aud io  F requency  Spect rogram 

 

The horizontal axis of the spectrogram is t ime, whi le the vert ical axis is f requency. The 

energy content in the signal at a part icular f requency band at a given t ime is denoted above 

by the color of that cel l  — darker colors correspond to l i t t le energy, whi le br ighter colors 

indicate signi f icant energy content. For instance, a pure note (constant frequency) played for 

several seconds would generate a br ight horizontal l ine in the spectrogram whi le a short 

burst of white noise would create a br ight pattern over a tal l  and thin rectangle. 



From this spectrogram representat ion, the music ident i f icat ion system generates a 

special ized local descriptor for each snippet of  the music. This descriptor is a 32-bit 

representat ion (trained using machine learning) that sat isf ies two important cr i ter ia: 

dist inct iveness and robustness. F irst,  the descriptor is dist inct ive, in that we want a given 

snippet to match i tsel f  only (and noisy versions of i tsel f ) .  Second, the descriptor is robust,  in 

that i t  wi l l  match i tsel f  despite noisy recording condit ions and in the presence of ambient 

sounds. Furthermore, these descriptors can be computed eff ic ient ly and stored compactly. 

They can be visual ized as shown in the f igure below: 

V isua l i za t ion  o f  Mus ic  ID  Descr ip tors  ove r  a  shor t  

 

This f igure shows each of the 32 bi ts of our descriptor (shown along the vert ical axis in no 

part icular order) as they evolve over t ime. Each 32-bit vector (column shown outl ined in red) 

captures the local information about the music at that t ime and is shown as a bit vector 

(100100…). The dissimi lar i ty between two samples is given by the Hamming distance 

between their corresponding bi t vectors (number of bits on which they dif fer ) .  

The system stores al l  of the descriptors for i ts songs into a hash table. To query the 

database, we compute the local descriptors for the 10-second sample, and retr ieve those 

descriptors that match within a Hamming distance of 2. The system then scores each 

retr ieval result by the degree to which i t  is supported by the evidence, and returns the most 

l ikely result (s).  

I f  a match is found in a database, the t i t le, art ist and other pert inent information may be 

retr ieved from the database and provided to the appl icat ion. I f  the signature is not found, 

the user may enter the data manual ly. The signature may also be compared in remote 

databases immediately or at a later t ime i f  a deferred lookup is preferred or the remote 

database is not avai lable.   

So what does al l  of th is extra work do for the consumer? It  provides a recognit ion capabi l i ty 

that is independent of encoding format and CD structure. This recognit ion capabi l i ty can 

identi fy audio content and its dupl icat ions, using a deferred lookup, even i f  the device isn’t 

hooked up to the Internet. I t  a l lows the user to change encoding formats and move content 

from directory to directory without the fear of having to manual ly retag the information 

associated with the content. I t  a lso provides a way to programmatical ly compare di f ferent ly 

encoded f i les and f ind dupl icates. 



Winning the Game 
Consumer electronics, and in part icular, audio consumer electronics is going to go through 

dramatic changes, forced on i t  by the way content is packaged, distr ibuted, and protected. 

Just l ike in the game “Name that Tune,” the winner wi l l  eventual ly be the product that 

character izes the content and ident i f ies the content correctly and del ivers i t  in a simple and 

rel iable manner. 
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Additional Resources 
Developing for Next Generat ion Audio: Inte l®High Defin it ion Audio

Digi tal Audio Workstat ions on the Revolut ionary Edge

http://www.intel.com/cd/ids/developer/asmo-na/eng/downloads/95044.htm
http://www.intel.com/cd/ids/developer/asmo-na/eng/54182.htm
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