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ABSTRACT

This paper describes a fast and efficient template-based
chord recognition method. We introduce three chord mod-
els taking into account one or more harmonics for the notes
of the chord. After extracting a chromagram from the sig-
nal, the detected chord over a frame is the one minimizing
a measure of fit between the chromagram frame and the
chord templates. Several popular measures in the prob-
ability and signal processing field are considered for our
task. In order to take into account the time persistence,
we perform a post-processing filtering over the recognition
criteria.

1. GENERAL IDEA

Given NN successive chroma vectors {c, },,, K chord tem-
plates {py }, and a measure of fit D, we define :

dk,n =D (hk,n Cn; Pk) . (1)

hi.n is a scale parameter whose role is to fit the chroma
vector c,, with the chord template pj, according to the mea-
sure of fit used. In practice, hy ,, is calculated such as :

hin = argmin D (hc,; pg) - 2)
h

The detected chord I%n for frame n is then the one min-
imizing the set {dy }, :

k, = argmin {d,}. 3)
k

In our system, the chroma vectors are calculated from
the music signal with the same method as Bello & Pickens
[1]. The frame length is set to 753 ms and the hop size is
set to 93 ms. We use the code kindly provided by these
authors.

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page.

(© 2009 International Society for Music Information Retrieval.

C major with 1 harmonic C minor with 1 harmonic

0.4 0.4

0.2 0.2

0
CC#DD#E FF#GG#AA#B
C minor with 4 harmonics

0
CC#DD#E FF#GG#AA#B

C major with 4 harmonics
0.4 0.4

0.2 0.2

0
CC#DD#E FF#GG#AA#B
C minor with 6 harmonics

0
CC#DD#E FF#GG#AA#B

C major with 6 harmonics
0.4 0.4

0.2 0.2

0 0
CC#DD#E FF#GG#AA#B CC#DD#E F F#GG#AA#B

Figure 1. Chord templates for C major / C minor with 1, 4
or 6 harmonics.

2. CHORD MODELS

The intuitive chord model is a simple binary mask consti-
tuted of 1’s for the chromas present in the chord and 0’s for
the other chromas [2], [3].

Yet, the information contained in a chromagram cap-
tures not only the intensity of every note but a blend of in-
tensities for the harmonics of every note. Like Gomez [4]
and Papadopoulos [5], we assume an exponentially de-
creasing spectral profile for the amplitudes of the partials.
An amplitude of 0.6°~! is added for the i*" harmonic of
every note in the chord.

In our system three chord models are defined, corre-
sponding to 1, 4 or 6 harmonics. Examples for C major
and C minor chords are displayed on Figure 1.

From these three chord models we can build chord tem-
plates for all types of chords (major, minor, dominant sev-
enth, diminished, augmented,...). By convention in our
system, the chord templates are normalized so that the sum
of the amplitudes is 1.

3. MEASURES OF FIT

We consider for our recognition task several measures of
fit, popular in the field of signal processing.
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In every case, the detected chord En on frame n is the

one that minimizes the set of values {d}m} :
k

]Aﬂn = arginin {Jkn} (7)

5. MIREX SUBMISSION

Our system can work with many parameter sets [6] and
types of chord considered [7]. Our MIREX submission
detects the major and minor chords, with the Kullback-
Leibler divergence KL2, the single harmonic chord model
and the median filtering with L = 15.



