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Abstract: Tempo in music is beats perceived by us in unit time. The tempo is measured as number of beats
per minute (BPM) in a music clip. This paper presents a system for automatically calculating tempo of
audio music signal. In this system, as an initial step after giving sound clip as an input, a threshold
percentage in decibels selected. In the next step, samples having values above the threshold are considered
as beats. We have used Audacity as an open source tool for the initial experiments. By using nyquist
programming in audacity which is used specially for sound, we have added a nyquist plug-in in the
Audacity open source software. This paper talks about the two newly added plugins by us which shows the
beat positions of the selected sound clip and the time instances of these beats are retrieved using nyquist
programming and thus using this equidistant beats are located, whereas the other plugin shows the actual
calculated tempo of the same sound clip. Total number of beats is calculated from selected clip and using
this beats per minute are obtained. The tempo of the sound clip is calculated based on the basic formula for
beats per minute in which the total length of the sound clip is calculated and with the help of this, number of
beats per minutes is obtained. For the sound clips which have more number of beats per minute has more
tempo and those sound clips with less number of BPM or medium BPM has less or medium tempo
respectively. This paper proposes the algorithm which gives the best results for rhythmic sound clips.

Index Terms: Beats Per Minute, threshold, audio samples,

1. INTRODUCTION

Tempo in music is beats perceived by us in unit time. The tempo is measured as number of beats
per minute (BPM) [1] in a music clip. This means that a particular note value (for example, a
quarter note) is specified as the beat, and the marking indicates that a certain number of these
beats must be played per minute. The greater the tempo, the larger the number of beats perceived
in a minute. In electronic dance music, accurate knowledge of a tune's BPM is important to DJs
for the purposes of beat matching. So the new functionality for measurement of tempo of music
clip will be implemented. Tempo estimation is needed for various purposes by music composers,
Djs and regular listeners like us as well. Manual calculation of tempo by keeping track of the
number of beats in a music clip is quite a task. Thus, automated tempo measurement can prove
helpful for reducing the efforts and time that is required in manual calculation of tempo. It is the
basic time unit of music and it determines the temporal structure of an audio signal, making beat
tracking a very important task in music information retrieval(MIR) [2].

MIR is the upcoming research field with various methodologies proposed based on content based
music IR. At present most of the systems available like YouTube etc. uses meta-data based
approach for Music Retrieval. Content based music retrieval is a novel approach and it can give
better results over the meta-data based approach which is more suitable for text documents. Our
initial work is a small contribution towards content based music search and retrieval.

The automatic extraction of BPM from musical signals is a challenging process due to many
reasons such as offbeat rhythms, absence of rhythms in few cases or very fast or complex rhythms
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etc. Beat tracking in such cases and determining BPM automatically is very difficult. We have
worked on simple rhythmic clips in our pilot experiments and have achieved acceptable results for
simple rhythmic clips. We need to improvise our algorithm for more complex musical clips and
utility for wide variety of musical genres.

2. RELATED WORK
A brief description of some of the existing approaches to beat tracking is presented in this section.

Two algorithms are referred to measure tempo of music file. First one is an online musical beat
tracking algorithm based on Kalman filtering(KF) with an enhanced probability data association
(EPDA) [3] method is proposed. In this method,the music contents is represented via Mel-scale
frequency cepstral coefficients (MFCC) [4].This beat tracking algorithm is built upon a linear
dynamic model of beat progression, to which the Kalman filtering technique can be conveniently
applied. The beat tracking performance can be seriously degraded by noisy measurements in the
Kalman filtering process. Three methods are presented for noisy measurements selection. They
are the local maximum (LM) method, the probabilistic data association (PDA) method and the
enhanced PDA (EPDA) method. Also another algorithm called Tempo Detection Using a Hybrid
Multiband Approach [5] is used for calculating beats per minute. The model tracks the
periodicities of different signal property changes that manifest within different frequency bands
by using the most appropriate onset/transient detectors [6] for each frequency band.

3. WORKING OF OUR ALGORITHM

As a base tool for implementing our algorithm, open source tool Audacity has been used. A
Nyquist plug-in [7] has been added to Audacity for the implementation. The coding has been done
using Nyquist supported Lisp language. For calculations some basic nyquist functions [8] are used
such as s-length, snd-time, snd-rate, snd-fetch, snd-follow, etc. The basic working is explained in
the following block diagram fig. 1.

As shown in fig.1, the initial step is to give sound clip as an input, then select a part or whole of
the clip. Select the option Beats per minute then the threshold window will appear. Threshold
percentage in decibels is selected. The samples having value above the threshold will get filtered.
Out of these filtered samples only the prominent ones are considered as beats. Time instances of
these beats are retrieved and thus using this equidistant beats are located. For calculating beats per
minute, total length of the clip is measured and thus the average beats per minute are calculated.

Sound clip as input ‘ Callculatmg beats per
minute

v 1
Select threshold Calculating total
percentage in db beats from the

\L selected part

*

Dhetectmgbsamplss Betnewng time Locating
that are alove the instances of the equidistant beats
threshold beats

Figl. Block diagram of the working
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Following sequential screen shots of our system will explain the process and steps we followed
for automatic BPM calculation.

Any rhythmic sound clip is given as an input as shown in fig.2.Click on the newly added plugin
named as Beats Per Minute as shown in fig. 4 and select threshold. In fig.2the selected threshold
is 65. After selecting threshold, beats are located as shown in fig.3. Then click on the newly added
second plugin named as Beats Per Minute for rhythms as shown in fig 4 (Plugin next to Beats Per
Minute). This plugin will calculate the BPM. Tempo (BPM) of rhythmic file is 130 for the
specific sound clip as shown in fig.5.

Beats Per Minute s

Threshold Percentage: |65 | e—)
Debug Cancel

Fig 2. Selecting threshold
S —
L3

PEN T E T TR O

Fig 3. Locating beats

Beats Per Minute

Fig4. Selecting the plug in

Nyquist

6 Nyquist returned the value: 130.

RCECRCFORCRORTRG

Fig5. Calculating BPM
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4. ALGORITHM

The flow of the steps that calculates the tempo of selected sound clip goes as shown in figures 2, 3
and 4 respectively.

The algorithm is explained with the help of following flow charts. Fig.6 shows basic flow for
calculating time instance. Fig.7 and 8 shows flow for BPM or tempo calculation. These flow
charts show the algorithm running behind the steps followed.

Checkval is a variable that is set as 1 when the sample value goes below threshold and set as 0
when the value remains above the threshold. This is used to remove closely located beats that are
undesirable and may cause confusion. List is actually a list where the values of samples that are
above the threshold are saved, in timeList the time instances of the selected samples are stored in
seconds.

length of timeList contains the number of elements in the timeList, varl is the variable that
contains the first element of the timeList that is popped from the list, var2 is the variable that
contains the first element of the remaining timeList after popping the first element, diff contains
the difference of varl and var2, dList is the list where all the ‘diff” values are stored.

Length of the selected sound clip (in seconds) is saved in a variable named slength, length of
dList refers to the number of elements in dList, beats is the variable where number of beats
occurring in the selected part of the sound clip is stored.

Tempo is calculated by using basic mathematical logic as,

Tempo= (60*no. of beats) / length of the sound clip
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Fig 6. Time instances in a list
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length timelist =
length timelList-1
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Fig 7. For calculating number of beats
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Fig 7. Calculating Tempo i.e. BPM

5. EXPERIMENTAL RESULTS

Table 1.

Sound clip Threshold Manual BPM Automatic BPM
Electro analogue bass.wav 65 128 128
Electro-analogue space lead 65 224 224

Clap.wav 65 60 60

Hi-hats.wav 65 16 16

Dub-step lead 55 onwards 52 53

Eight bit ataribassline.wav 35-40 120 72
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We have tested our algorithm for range of BPM as slowest as16 BPM to as fastest as 224 BPM as
shown in table 1. It has given us desired results for majority of clips. We have tested about 50
rhythmic clips in these pilot experiments. As shown by few samples in Table.1, the proposed
algorithm works for most of the rhythmic clips.

We have compared the results of automatic BPM given by our algorithm with manual perception
of BPM. Default threshold is set to 65 Db. If the difference between actual BPM and
Experimental BPM is less than 5 % then it can be ignored at this initial pilot experiment as human
perception can very a little bit as well and can have small errors in calculating BPM manually.

We have also observed few exceptions as shown in the last entry. We noticed that our algorithm
does not work for complex rhythm where two or more instruments are played (example is last clip
shown in above table.1).

We have to test our algorithm for wide variety of rhythmic clips available across different genres
of music. The initial results are encouraging for the sample musical clips.

We are working on improvisation of our algorithm which suits to complex rhythms as well and
supports different genre of music.

6. APPLICATIONS

* Creating playlists - We humans, while listening to the songs generally tend to listen to the
songs according to our mood swings. We can make a playlist by manually choosing our favourite
songs. The tempo estimation technique can help us sort the list of our songs according to the
speed. We can thus segregate the songs according to our wish with less effort.

* Disc Jockeys - Tempo measurement is of great use to the Disc Jockeys commonly known as
DJs. They need to sort out the songs according to the party mood. Merging of the two songs can
also be done only if the tempo is known.

* Regular listeners - Classify songs according to their mood, like party songs, silent songs etc. It
becomes easier to choose the songs according to their mood if the tempo is known.

» Composers and musicians - Use tempo measurement for the editing of songs and also for their
references.

» Music Information Retrieval - Music IR community can use the automatic BPM for efficient
content based music retrieval.

7. CONCLUSIONS AND FUTURE SCOPE

In the project we have developed two plugins in the open source software named Audacity. One
plugin locates the beats in the sound clip. It displays the actual position of human perceived beat
within a sound on the waveform.

The other plugin calculates the average Beats Per Minute in a sound clip. The output is given as
the measure of Beats Per Minute. When the functionality of the plugin reaches upto the mark, it
will be a great contribution to Audacity.

The tempo estimation of complex sound clips with beats having irregular time differences
between them, or the sound clips with varying tempo has not yet been successfully done. These
kinds of sound clips may probably require more powerful algorithms, which may include
frequency band separation.

As an application of this technique, a playlist of songs can be created with songs sorted according
to the increasing order of their tempo. With the use of tempo estimation, songs can also be
segregated into low tempo, medium tempo and high tempo songs. The creation of such a type of
playlist may be included in future scope.
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