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ABSTRACT 

The goal of this lab is to implement a simple chord and 
key recognition system based on chroma features. The 
chroma features will be extracted using a Matlab 
implementation by Dan Ellis. To estimate chords/tonality 
the system utilizes a set of templates that are cross-
correlated with the chroma vectors extracted from the 
audio. Depending on the templates and the time scope it is 
possible to estimate a chord or the tonality of a piece.  

1. INTRODUCTION 

The main idea behind the chroma feature representation is 
that we can collapse the spectrum of a musical sound into 
12 pitch classes. This is done by mapping each frequency 
bin of the magnitude spectrum to each of the 12 semitones 
(sometimes more resolution is desired). This type of 
representation loses all the octave information but it is still 
musically meaningful and it allows us to make 
computations in an effective manner. The Matlab 
implementation by Dan Ellis is an effective way for 
calculating the chroma features. The function 
chromagram_IF.m is the heart of the sytem, a brief 
description of this system is given next. The first step is to 
calculate the IF-gram of the sound. The IF-gram is 
basically the pitch tracks based on the Instantaneous 
frequencies, it is calculated from the STFT. From this 
representation a histogram is obtained that can allow us to 
make a chroma quantization and then to map each IF pitch 
to a chroma bin. To Summarize, the input to the function 
is the audio vector, the sampling rate, the fft length (the 
hop size is equal to fftlenght/4 by default) and the number 
of chroma bins desired (12 is default) and the output is the 
chroma respresentation stored in a matrix. Several 
examples are shown in figures 3-6. 
 

2. CHORD ESTIMATION 

2.1 Isolated Chords 

The use of chroma features for chord estimation has been 
proposed by several authors. Some of the approaches 
focus on monophonic music and some on polyphonic 
music. In this lab we will stick to the monophonic case as 
it greatly reduces complexity. We will explore how 

chroma features can be used to estimate chords by means 
of cross-correlating an averaged chroma vector for a given 
sound (or in a frame-wise manner, depending on the 
application) with a set of chord templates. The chord 
templates are built to resemble a triad (either major or 
minor) as these are the fundamental pitches in most 
chords. The templates are shown below. 

 

 

Figure 1 - Chord templates 

 
The template shown above is made to correspond to an A 
chord (either major or minor). By circularly shifting these 
templates to the right we can construct templates for each 
of the 12 possible pitch classes. Then, these templates are 
cross-correlated with the chroma respresentation of a 
sound and the one that yields the highest correlation is 
chosen as the chord. The three values that are set to one are 
meant to correspond to the root of the chord, the 
major/minor third and the perfect fifth. As it will be 
discussed in the improvements section of the paper, it is 
also possible to extend the profiles to include a seventh, a 
ninth, or any kind of chord embellishment that is used in 
music, but it is first recommended to test the method with 
these simpler profiles as they contain the pitches that can 
be thought of as the building blocks of chords. Below we 
can visualize the results of the cross-correlation of an A 
minor chord with the 24 templates. In this case the 
algorithm made the right estimation.  
 



  
 

 
Figure 2 – A minor correlations 

As we can observe above, the correlation value at A minor 
is the greatest, followed by the value at C major. This 
happens because every scale has a relative scale, which 
contains basically the same pitches but with a different 
tonality. This simple chord estimation system was tested 
with 10 different guitar chord sounds. The results are 
around 53% accuracy. It is important to note that the 
algorithm was also tested with MIDI synthesized chords. 
With these chords the algorithm performed significantly 
better with accuracy around 80 %. This might happen 
because the MIDI chords were triads just like the templates 
and were recorded under controlled conditions (no 
dynamics, no inversions, zero expressiveness).  
 
 
Test Database Accuracy 
Real guitar chords 53 % 
MIDI synthesized chords 77 % 
  
 

 
Figure 3 - Piano playing a chromatic scale 

 

 
Figure 4 - Guitar playing an A minor chord 

 

 
Figure 5 - Synthesized pad sound 

 
2.2 Chord Progressions 
 
The estimation of chord progressions can be performed in 
a similar manner, the only difference is that we now have 
to perform the process in a frame-wise manner. The idea is 
that each frame contains chroma representation for one 
chord. This can leave room for error because there is no 
guarantee that one frame will contain a homogeneous part 
of the progression (the same chord all throughout the 
frame). To fight this there are several options. If 
sufficiently small frame lengths and hop sizes are used 
then it is probable that most frames will contain only one 
chord (even though there will be some error in the 
boundaries between chords) the recommended range is 
0.5-1 s for frame length with 25-50% overlap. Another 
option is to bring information about the segment into play. 
If we make the frame length and hop size dependent on the 
tempo of the song then this might be beneficial, also, if we 
perform note segmentation to have a rough idea where 



  
 

each chord begins then this might also help to determine 
the regions of homogeneous segments. Given that 
introducing these improvements significantly increases the 
complexity of the algorithm, it was chosen to perform the 
chord progression estimation in a traditional frame-wise 
manner with the parameter values discussed above. The 
test database for this portion of the lab consisted in only 
MIDI synthesized progressions as they returned the best 
results in the previous section. Again, 10 synthesized 
progressions were recorded with no expressiveness and no 
rhythm complexities, the average duration of each chord 
was 2 seconds and there was a short silence between one 
chord and the next. As expected the results are very close 
to the ones obtained in the previous section, only that the 
boundaries of chords give random estimations. After all, it 
might be worth it to include note onset information to 
avoid this problem. 
 

3. KEY ESTIMATION 

A similar approach can be followed for the case of Key 
estimation. In this case the method is the same but the 
templates utilized are designed to match the distribution of 
chords for both minor and major tonality cases. These 
profiles are taken from a study performed by Krumhansl 
and Kessler and are depicted in figure 6. Another 
difference with the chord estimation case is the temporal 
scope of the analysis. For the chord estimation case we are 
trying to analyze homogeneous chord segments so that 
each different chord can be recognized, but in the key 
estimation case we are not interested in analyzing 
homogeneous sections because all we are after is an 
average chroma vector that describes the pitch class 
distribution for the entire audio file so that it can then be 
correlated with the profiles. 
 

 
Figure 6 - Major/Minor Key profiles 

 

These profiles are also shifted to represent the 24 different 
tonality cases and again the highest correlation value is 
chosen as the estimated key of the audio segment. It was 
found that the key estimation performs significantly worse 
than the chord estimation algorithm, this result agrees with 
intuition as the key estimation algorithm relies on the 
chord estimation in the first place, so any errors will be 
passed on. The key estimation algorithm was tested with 
the MIREX 05 database that consists of MIDI recorded 
files labeled with their ground truth. The average accuracy 
was around 30% for this case, when relative scale 
estimations are both considered correct.   
 

4. IMPROVEMENTS 

From the results obtained, it is clear that there are several 
improvements that can be done in order to improve the 
results of both the Harmonic and Tonal analysis. The most 
obvious improvement concerns the Chroma Feature 
extraction algorithm. It was found that the implementation 
used produces some error due to the harmonics of pitches. 
Various methods have been implemented to deal with this 
problem. Another improvement concerns the templates, it 
has been proposed that the templates should take 
advantage of these problematic harmonics and include 
them to improve correlation results. These improvements 
have proven to be successful and they can the subject of 
an entire master thesis. I have chosen not to linger in this 
domain as it can become very absorbing and time 
consuming. Instead I chose to make a simple extension to 
the chord estimation algorithm to include 7th chords. This 
is done by simply adding a new template that includes the 
seventh degree for both major and minor chords. The 
results of these extensions are shown in the table below. 

 

Test Database Accuracy 

Real guitar chords 47 % 

MIDI synthesized chords 75 % 

 

5. CONCLUSION 

It can be concluded that the chroma representation of 
sounds can give us a meaningful estimate of the chords 
and sometimes the tonality of a monophonic audio file. 
Furthermore, when the input file is a real performance 
music recording it will often have chord inversions, 
dynamics and other expressive nuances that make the 
estimation process harder and this is reflected in the 
results. It is obvious that this topic deserves more attention 
and that there is room for improvement to the current 
methods. Further work should definitively concentrate on 
real audio recordings within the context of a real musical 



  
 

performance instead of MIDI synthesized files. This 
includes dealing with chord inversion, dynamics and 
expressive aspects. Maybe the use of profiles for specific 
styles of playing and instruments should be explored first 
and then a more general approach can be derived. 
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