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The technique of decomposing a complex signal into multiple frequency bins may be done
by a technique known as a Fourier Transform. So in our case, PCM data shown in the figure
below is run through a Windowed Fast Fourier Transform (FFT):
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PCM Audio Signal

After running the data through the FFT, a frequency spectrogram is generated similar to the
one shown below:

PCM Audio Frequency Spectrogram

The horizontal axis of the spectrogram is time, while the vertical axis is frequency. The
energy content in the signal at a particular frequency band at a given time is denoted above
by the color of that cell — darker colors correspond to little energy, while brighter colors
indicate significant energy content. For instance, a pure note (constant frequency) played for
several seconds would generate a bright horizontal line in the spectrogram while a short
burst of white noise would create a bright pattern over a tall and thin rectangle.



From this spectrogram representation, the music identification system generates a
specialized local descriptor for each snippet of the music. This descriptor is a 32-bit
representation (trained using machine learning) that satisfies two important criteria:
distinctiveness and robustness. First, the descriptor is distinctive, in that we want a given
snippet to match itself only (and noisy versions of itself). Second, the descriptor is robust, in
that it will match itself despite noisy recording conditions and in the presence of ambient
sounds. Furthermore, these descriptors can be computed efficiently and stored compactly.
They can be visualized as shown in the figure below:
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Visualization of Music ID Descriptors over a short

This figure shows each of the 32 bits of our descriptor (shown along the vertical axis in no
particular order) as they evolve over time. Each 32-bit vector (column shown outlined in red)
captures the local information about the music at that time and is shown as a bit vector
(100100...). The dissimilarity between two samples is given by the Hamming distance
between their corresponding bit vectors (number of bits on which they differ).

The system stores all of the descriptors for its songs into a hash table. To query the
database, we compute the local descriptors for the 10-second sample, and retrieve those
descriptors that match within a Hamming distance of 2. The system then scores each
retrieval result by the degree to which it is supported by the evidence, and returns the most
likely result(s).

If a match is found in a database, the title, artist and other pertinent information may be
retrieved from the database and provided to the application. If the signature is not found,
the user may enter the data manually. The signature may also be compared in remote
databases immediately or at a later time if a deferred lookup is preferred or the remote
database is not available.

So what does all of this extra work do for the consumer? It provides a recognition capability
that is independent of encoding format and CD structure. This recognition capability can
identify audio content and its duplications, using a deferred lookup, even if the device isn’t
hooked up to the Internet. It allows the user to change encoding formats and move content
from directory to directory without the fear of having to manually retag the information
associated with the content. It also provides a way to programmatically compare differently
encoded files and find duplicates.



Winning the Game

Consumer electronics, and in particular, audio consumer electronics is going to go through
dramatic changes, forced on it by the way content is packaged, distributed, and protected.
Just like in the game “Name that Tune,” the winner will eventually be the product that
characterizes the content and identifies the content correctly and delivers it in a simple and
reliable manner.
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