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Agenda

§ Getting Started

• Why should we get started? 

§ Music Concepts, Parallels

• Objects in Indian Art Music

• MIR tasks

§ Datasets for MIR on Indian Art Music

• Fundamental Principles

• Building datasets

• Accessing datasets

• Using datasets

§ Examples and Applications

• Time to Get Started!

§ Opportunities/Resources



Show of Hands!

§ Music Training

• Indian Music

• Western Music

• Music Production

• Sheet Music Literates ?

§ Avid Music Listeners

§ Signal processing and/or Machine Learning



Music Technology

Music Technology enhances our experience with music by 

building tools and technologies to learn, teach, compose, 

produce, perform, record, playback, consume, analyze, 

understand, appreciate, store and archive music
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Music Technology

Music Technology enhances our experience with music by 

building tools and technologies to learn, teach, compose, 

produce, perform, record, playback, consume, analyze, 

understand, appreciate, store and archive music

Computational Musicology



Computational Musicology

§ Scholarly analysis of music – multidisciplinary 

§ Facets: learning, teaching, performance, listening, 

appreciation, aesthetics

§ Perspectives: Historical, cultural, cognitive

§ Computational tools for Musicology



Data-driven computational musicology

§ Music-corpora level statistical analysis

• Melody, rhythm and harmony

§ Supplement and complement manual analyses

• Scale to large corpora

• Verify common-knowledge

• Derive additional insights



Opportunities (Challenges!?)

§ Multicultural world

• Each within its sociocultural context

§ Lots of data 

• but copyrighted, unlabeled and sub-optimally organized

§ Subjectivity

• In creation, consumption and analysis

• Music Similarity

§ Interdisciplinary

• Involve the community



Culture aware technologies

§ CompMusic: Culture aware Music Information Research

• Bring music knowledge into methods 

• Musical concepts to engineering formulations

• Involve music communities

Arab-Andalusian Beijing OperaTurkish-makamHindustani Carnatic

http://compmusic.upf.edu/

http://compmusic.upf.edu/


Indian Art Music

Vignesh Ishwar in concert at Arkay Convention Center, Chennai, India

https://musicboxnews.files.wordpress.com/2011/09/darbar-festival-20081.jpg

Carnatic Music

Hindustani Music

https://musicboxnews.files.wordpress.com/2011/09/darbar-festival-20081.jpg


Indian Art Music

§ Carnatic and Hindustani music

• Some common concepts and terminology

• Differences in practice

§ Carnatic Music

• Southern parts of the Indian sub-continent

§ Hindustani music

• Northern parts of the Indian sub-continent

§ Centuries of evolution

• Sophisticated melodic and rhythmic structures



Why Indian art music ?

§ Music

• Predominantly oral traditions

• Sophisticated and structured, scope for improvisation

• Wide variety of instruments and variations

• In practice, continues to evolve

§ Community

• A large dedicated audience

• Significant musicological literature

§ Unique challenges



Data: Organizing music collections

Play a slow kriti in mohana raga and mishra 

chapu tala

Make a playlist of drut teental bandish that 

contain improvisatory sections

Get other songs that have similar rhythmic 

passages

Artist -> Album -> Title



Editorial metadata – partially available

Play a slow kriti in mohana raga and 

mishra chapu tala

Make a playlist of drut teental bandish that 

contain improvisatory sections

Get other songs that have similar rhythmic 

passages



Content based descriptors and similarity

Play a slow kriti in mohana raga and 

mishra chapu tala

Make a playlist of drut teental bandish that 

contain improvisatory sections

Get other songs that have similar 

rhythmic passages

?

?



Enriched Interaction with Music

§ Editorial metadata and content based descriptors

§ Large collections – enriched with musically relevant 

metadata and organized using “similarity measures”

§ Indian Art Music

• Melody: Descriptors related to the rāga

• Rhythm: Descriptors related to the tāla



Similarity: in the future…

From Ninne Nammiti, December Season 2007, Gayathri Girish



From Ninne Nammiti, Paddhatti - K V 
Narayanaswamy & N Ramani, by K V 
Narayanaswamy & N Ramani, 2003

From Ninne Nammi Nanu, 
December Season 2003, O.S. 
Thyagarajan



Similarity  ? 

From Ninne Nammiti, Paddhatti - K V 
Narayanaswamy & N Ramani, by K V 
Narayanaswamy & N Ramani, 2003

From Ninne Nammi Nanu, 
December Season 2003, O.S. 
Thyagarajan

?



Music Objects and MIR Tasks



Music Objects

§ Audio

• Waveform: time sequence of amplitudes



Music Objects

§ Scores 

• Prescriptive/Descriptive



Music Objects

§ Audio

§ Scores

§ Lyrics

Küşâde taliim hem bahtım uygun,
Aman sâkî bana hiç durma mey sun.
Gamım yok, zevk u şevkim hadden efzun,
Aman sâkî bana hiç durma mey sun



Music Objects

§ Audio

§ Scores

§ Lyrics

§ Commentary/Critique

https://www.rasikas.org/forums/viewtopic.php?f=13&t=916

https://www.rasikas.org/forums/viewtopic.php?f=13&t=916


Music Objects

§ Audio

§ Scores

§ Lyrics

§ Commentary/Critique

§ Metadata and social information

https://musicbrainz.org/release/53eeba00-301e-4152-bc40-69b8c3df22e4

https://musicbrainz.org/release/53eeba00-301e-4152-bc40-69b8c3df22e4


MIR Problems



Content description

Onset/Pitch

Segmentation

Simple

Complex

Meter/Melody

Pattern analysis

Similarity



Music Representations

§ Representations help to interpret, transmit and archive music

§ Representations can vary with content, and can be lossy!

• Represent some/all elements of music

§ Symbolic representations

• Music Scores, Piano rolls, MIDI

• Prescriptive or descriptive

§ Acoustic representations

• Waveforms

• Spectrograms

• compressed audio (MP3, e.g.)

• Features from audio – descriptors



Characteristics of Indian Art Music



Example: Melody Extraction



Example: Melody Extraction



Melodic motifs/phrases

§ Short segments of melody

• Sequence of notes

• Pitch contours

§ Characteristic melodic phrases

• Repeated within and across music pieces

• Characteristic of a raga



Pattern extraction and analysis



Melodic motif discovery

https://dunya.compmusic.upf.edu/pattern_network/

https://dunya.compmusic.upf.edu/pattern_network/


Onsets and Tempo

§ Onset: Note event

• Basic events in time

• Grouped to form beats, bar . . .

§ Tempo

• Median Inter-onset interval: good estimate of tempo

• Possibly time-varying: local averages



Onsets



Onsets

Figure taken from [Meinard Müller, Fundamentals of Music Processing, Figure 6.1, Springer 2015]



Onset detection

§ Temporal and spectral features

§ Band-wise spectral flux

• Spectral magnitude change

J. Bello et al., A Tutorial on Onset Detection in Music Signals, 
IEEE Transactions on Speech and Audio Processing, 13(5), 2005



Onset features

§ Spectral flux

J. Bello et al., “A tutorial on onset detection in music signals.” IEEE Transactions on Speech and Audio 
Processing, 13(5),  2005: 1035-1047.
F. Krebs, S. Bock, and G. Widmer , “Rhythmic pattern modeling for Beat and Downbeat Tracking in 
Musical Audio,” Proc. of the 14th International Society for Music Information Retrieval Conference 
(ISMIR), Curitiba, Brazil, 2013.



Onset Detection Function



Onset Interval Histogram: Tempo

Figure modified from [Meinard Müller, Fundamentals of Music Processing, Figure 6.1, Springer 2015]
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Figure 2: A histogram of the inter-sama interval τs in the CMRf dataset for each tāḷa. The ordinate is the fraction
of the total count corresponding to the τs value shown in abscissa. The median τs for each tāḷa is shown as a
red dotted line.

0.4 0.6 0.8

0

0.05

0.1

0.15

(a) Ādi
0.4 0.6 0.8 1

0

0.05

0.1

0.15

(b) Rūpaka
0.2 0.4 0.6

0

0.05

0.1

0.15

0.2

(c) Miśra chāpu
0.2 0.4 0.6

0

0.05

0.1

0.15

0.2

(d) Khaṇḍa chāpu

Figure 3: A histogram of the inter-beat interval τb in the CMRf dataset for each tāḷa. The ordinate is the fraction
of the total count corresponding to the τb value shown in abscissa. The median τb for each tāḷa is shown as a
red dotted line.

natic musician. Each annotation has a time-stamp and an associated numeric label that indicates the position of
the beat marker in the tāḷa cycle. In addition, for each excerpt, the tāḷa of the piece is recorded. The possibly
time varying tempo of a piece can be obtained using the beat and sama annotations.

The annotations in the CMRf dataset are released under Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0). The audio in the dataset is copyrighted material sourced
from commercially available music releases uniquely identifiable through the MBID and hence is accessible.

3 Tempo distribution in the CMRf dataset

Table 2 shows a basic statistical analysis of the tāḷa cycle length indicators in the dataset, which is useful to
understand the tempo characteristics and the range of the metrical cycle lengths in the dataset. Ādi tāḷa is the
longest tāḷa in the dataset and hence has the highest τs among all the tāḷas. Despite no notated tempo, we can
see from the values of the median inter-akṣara interval, τo and its standard deviation that the tempo in Carnatic
music does not vary much across the tāḷas. The range of τs values show that a wide range of cycle durations
that are present in Carnatic music pieces. The shortest cycle in the dataset is less than second long, while the
longest cycle is over 7 seconds long.

The tempo values are not notated in Carnatic music, and the pieces are not played to a metronome. Hence,
in addition to the median values tabulated in Table 2 we present further analysis of the inter-sama interval (τs)
and inter-beat interval (τb) for each tāḷa over the whole CMRf dataset. A histogram of τs and τb for each tāḷa is
shown in Figure 2 and Figure 3 respectively. This shows the distribution of cycle lengths in the dataset over the
whole range of τs for each tāḷa, around the median value. Despite the large range of τs values, the distribution
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Tempo: Onsets/Beats Per Minute

BPM = 60/Inter-Beat-Interval

Tempo doubling or halving: “Time 
Unison/Octave”

Time



Tempogram: Basics

§ Fourier Analysis of the Onset Detection Function

Figure taken from [Meinard Müller, Fundamentals of Music Processing, Figure 6.20, Springer 2015]
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Tempogram

§ Tracking time-varying tempo



Tāla in Carnatic music

§ Time cycles 

• Broad structure for rendition and repetition of melodic and 

rhythmic phrases, motifs, and improvisations

• Akṣara, “beats”, sama (downbeat), aṅga (section)



Tāl in Hindustani music

§ Metrical time cycles 

• Broad structure for rendition and repetition of 

melodic and rhythmic phrases, motifs, and 

improvisations

• mātrā (beat), sam (downbeat), vibhāg (section)

§ Tempo classes (lay)

• Wide range of tempi

• Slow (vilaṁbit): 10-60 mātrā per minute (MPM)

• Medium (madhya): 60-150 MPM

• Fast (drut): >150 MPM



§ Tempo estimation

§ Beat Tracking

§ Meter Inference

§ Meter Tracking

Musical parallels in Rhythm and Meter



Tāla tracking – Carnatic music

http://musicbrainz.org/recording/fe63aa10-bfa0-4dc6-9845-e57811c2feaa

Artist:  Bombay Jayasree (vocal)
Release:  Classical Vocal 
Composition: Śaṅkari nīvē
Composer: Subbaraya Sastry
Rāga:  Bēgaḍa
Tāla:  Rūpaka (Cycle of 12 akṣara)

http://musicbrainz.org/recording/fe63aa10-bfa0-4dc6-9845-e57811c2feaa


Tāl tracking – Hindustani music

https://musicbrainz.org/recording/def59da7-8d7b-4047-b16c-eeee65482e87

Artist:  Rashid Khan (vocal)
Release:  The Genius Of Ustad 
Rashid Khan
Composition: Rasiya Maara Ama Laara
Rāga:  Ahir Bhairav
Tāla:  Ektāl (Cycle of 12 mātrās)

https://musicbrainz.org/recording/def59da7-8d7b-4047-b16c-eeee65482e87


Structural segmentation: Concert

A part of a 
concert

Kriti

Percussion solo



Datasets for MIR in Indian Art Music



Building datasets

§ Building research corpora and test datasets

• Essential for data-driven MIR

• A research problem in itself !

• Involve communities

• Musicians, music students, musicologists, listeners

• Engineers, scientists and technologists

• Music producers, record labels

• Address subjectivity



Test 
Datasets

Corpora for data driven research

Research Corpus

Test
Datasets

“Real World”



Approach

§ Systematic approach to building MIR corpora

• Purpose

• Coverage

• Completeness

• Quality

• Reusability 

§ Based on reliable references



FAIR principles

§ Machine-actionability

§ Findable

• Metadata allows for easy discovery

§ Accessible

• Data accessible through easily searchable metadata

§ Interoperable

• Accessed data easily integrated into other systems

§ Reusable

• Optimize reusability of data

https://www.go-fair.org/fair-principles/

https://www.go-fair.org/fair-principles/


Additionally . . . 

§ Code – Open source

§ Data – Easily accessible



Availability of corpus and datasets

§ Dunya Browser                  Dunya API

§ Audio

• Commercial audio: easily available

• Open audio collection

§ Extracted features and software: Open licenses

§ Editorial metadata: MusicBrainz

§ Annotations: publicly available

§ Archived on Zenodo



Data

§ Music Audio

§ Music Scores

§ Lyrics

§ Metadata

§ Music Community



Datasets for MIR

§ https://www.audiocontentanalysis.org/data-sets/

§ Million Song Dataset

https://labrosa.ee.columbia.edu/millionsong/

https://www.audiocontentanalysis.org/data-sets/
https://labrosa.ee.columbia.edu/millionsong/


MusicBrainz and AcousticBrainz

https://acousticbrainz.org

https://musicbrainz.org

https://acousticbrainz.org/
https://musicbrainz.org/


Creative Commons Sounds

https://freesound.org

https://freesound.org/


CompMusic Carnatic corpus

Recording: audio, 
annotated and 
derived features

Metadata: artists, raga, 
tala, composer, …

Lyrics and scoresCommunity: Forums 
and discussion
(rasikas.org)

Ontology of the music 
concepts

Contextual Information



CompMusic Hindustani corpus

Recording: audio, annotated 
and derived features Metadata: artists, rāga, 

tāla, composer, …

Lyrics and scores http://en.wikipedia.org/wiki/
Category:Hindustani_music

Contextual Information

http://en.wikipedia.org/wiki/Category:Hindustani_music
http://en.wikipedia.org/wiki/Category:Hindustani_music


CompMusic datasets

https://compmusic.upf.edu/datasets

https://compmusic.upf.edu/datasets






Carnatic Music Rhythm Dataset

§ Time-aligned beat and downbeats along with tāla related 

metadata

§ Largest rhythm annotated Carnatic music corpus

§ Spans four popular tālas

Table 1: CMRf dataset showing the tāḷa structure, total duration and number of annotations. #Sama shows the
number of sama annotations and #Ann. shows the number of beat annotations (including samas). Tf indicates
the median piece length in the dataset (m and s indicate minutes and seconds, respectively)

Tāḷa #beats #Akṣara #Pieces Total Duration Tf #Ann. #Sama
per cycle hours (min)

Ādi 8 32 50 4.21 (252.78) 4m51s 22793 2882
Rūpaka 3 12 50 4.45 (267.45) 4m37s 22668 7582
Miśra chāpu 7 14 48 5.70 (342.13) 6m35s 54309 7795
Khaṇḍa chāpu 5 10 28 2.24 (134.62) 4m25s 21382 4387

Total 176 16.61 (996.98) 5m4s 121602 22646

Table 2: Tāḷa cycle length indicators for CMRf dataset. τs and σs indicate the mean and standard deviation of the
median inter-sama interval of the pieces, respectively. τo and σo indicate the mean and standard deviation of the
median inter-akṣara interval of the pieces, respectively. [τs,min , τs,max] indicate the minimum and maximum
value of τs and hence the range of τs in the dataset. All values in the table are in seconds.

Tāḷa τs ± σs τo ± σo [τs,min , τs,max]

Ādi 5.34 ± 0.723 0.167 ± 0.023 [2.88, 7.07]
Rūpaka 2.13 ± 0.239 0.178 ± 0.020 [1.21, 3.10]
Miśra chāpu 2.67 ± 0.358 0.191 ± 0.026 [1.63, 3.65]
Khaṇḍa chāpu 1.85 ± 0.284 0.185 ± 0.028 [0.91, 2.87]

played and improvised. In this paper, we aim to study these rhythmic patterns and their relationship to the metri-
cal framework of tāḷa. To study those patterns, we built a beat-level annotated corpus of audio music recordings
of Carnatic music, that is described in the next section.

2 Carnatic music rhythm dataset

The Carnatic Music Rhythm (CMRf) dataset (?iiT,ff+QKTKmbB+XmT7X2/mf+�`M�iB+@`?vi?K@/�i�b2i) is
a rhythm annotated test corpus for many automatic rhythm analysis tasks in Carnatic Music [11]. The dataset
consists of audio excerpts from the Carnatic research corpus, manually annotated time-aligned markers indicat-
ing the progression through the tāḷa cycle, and the associated tāḷa related metadata.

CMRf dataset is described in Table 1, showing the four tāḷas and the number of pieces for each tāḷa. The
dataset has pieces in four popular tāḷas that encompass a majority of current day Carnatic music performance.
The pieces include a mix of vocal and instrumental recordings, recent and old recordings, and span a wide
variety of forms. All pieces have a percussion accompaniment, predominantly mridangam. There are also
several different pieces by the same artist (or release group), and multiple instances of the same composition
rendered by different artists. Each piece is uniquely identified using the MusicBrainz IDentifier (MBID) of
the recording. The pieces are mp3 stereo recordings, and sampled at 44.1 kHz. The audio is also available as
downmixed mono WAV files for experiments. The audio files are full length pieces or clips extracted from full
length pieces. Of the 176 audio files, 120 contain full length pieces. The total duration of audio in the dataset
is over 16.6 hours, with 121062 time-aligned beat annotations. The median length of a piece is about 5 minutes
in the dataset.

There are several annotations that accompany each excerpt in the dataset. The primary annotations are au-
dio synchronized time-stamps indicating the different metrical positions in the tāḷa cycle - the sama (downbeat)
and other beats shown with numerals in Figure 1. The annotations were created using Sonic Visualizer [12] by
tapping to music and manually correcting the taps. The annotations have been verified by a professional Car-
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Tempo distribution in the dataset

§ Mean cycle and akṣara duration in the dataset

• Computed over the median for each music piece

• Typical tempi used in concerts

§ Range of cycle duration

• Depends on the length of the tala

Table 1: CMRf dataset showing the tāḷa structure, total duration and number of annotations. #Sama shows the
number of sama annotations and #Ann. shows the number of beat annotations (including samas). Tf indicates
the median piece length in the dataset (m and s indicate minutes and seconds, respectively)

Tāḷa #beats #Akṣara #Pieces Total Duration Tf #Ann. #Sama
per cycle hours (min)

Ādi 8 32 50 4.21 (252.78) 4m51s 22793 2882
Rūpaka 3 12 50 4.45 (267.45) 4m37s 22668 7582
Miśra chāpu 7 14 48 5.70 (342.13) 6m35s 54309 7795
Khaṇḍa chāpu 5 10 28 2.24 (134.62) 4m25s 21382 4387

Total 176 16.61 (996.98) 5m4s 121602 22646

Table 2: Tāḷa cycle length indicators for CMRf dataset. τs and σs indicate the mean and standard deviation of the
median inter-sama interval of the pieces, respectively. τo and σo indicate the mean and standard deviation of the
median inter-akṣara interval of the pieces, respectively. [τs,min , τs,max] indicate the minimum and maximum
value of τs and hence the range of τs in the dataset. All values in the table are in seconds.

Tāḷa τs ± σs τo ± σo [τs,min , τs,max]

Ādi 5.34 ± 0.723 0.167 ± 0.023 [2.88, 7.07]
Rūpaka 2.13 ± 0.239 0.178 ± 0.020 [1.21, 3.10]
Miśra chāpu 2.67 ± 0.358 0.191 ± 0.026 [1.63, 3.65]
Khaṇḍa chāpu 1.85 ± 0.284 0.185 ± 0.028 [0.91, 2.87]

played and improvised. In this paper, we aim to study these rhythmic patterns and their relationship to the metri-
cal framework of tāḷa. To study those patterns, we built a beat-level annotated corpus of audio music recordings
of Carnatic music, that is described in the next section.

2 Carnatic music rhythm dataset

The Carnatic Music Rhythm (CMRf) dataset (?iiT,ff+QKTKmbB+XmT7X2/mf+�`M�iB+@`?vi?K@/�i�b2i) is
a rhythm annotated test corpus for many automatic rhythm analysis tasks in Carnatic Music [11]. The dataset
consists of audio excerpts from the Carnatic research corpus, manually annotated time-aligned markers indicat-
ing the progression through the tāḷa cycle, and the associated tāḷa related metadata.

CMRf dataset is described in Table 1, showing the four tāḷas and the number of pieces for each tāḷa. The
dataset has pieces in four popular tāḷas that encompass a majority of current day Carnatic music performance.
The pieces include a mix of vocal and instrumental recordings, recent and old recordings, and span a wide
variety of forms. All pieces have a percussion accompaniment, predominantly mridangam. There are also
several different pieces by the same artist (or release group), and multiple instances of the same composition
rendered by different artists. Each piece is uniquely identified using the MusicBrainz IDentifier (MBID) of
the recording. The pieces are mp3 stereo recordings, and sampled at 44.1 kHz. The audio is also available as
downmixed mono WAV files for experiments. The audio files are full length pieces or clips extracted from full
length pieces. Of the 176 audio files, 120 contain full length pieces. The total duration of audio in the dataset
is over 16.6 hours, with 121062 time-aligned beat annotations. The median length of a piece is about 5 minutes
in the dataset.

There are several annotations that accompany each excerpt in the dataset. The primary annotations are au-
dio synchronized time-stamps indicating the different metrical positions in the tāḷa cycle - the sama (downbeat)
and other beats shown with numerals in Figure 1. The annotations were created using Sonic Visualizer [12] by
tapping to music and manually correcting the taps. The annotations have been verified by a professional Car-
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Tempo distribution in the dataset

§ Basic akṣara pulse does not show much variance across 

different talas in the dataset

§ Range and cycle durations depend on the length of the 

cycle

Table 1: CMRf dataset showing the tāḷa structure, total duration and number of annotations. #Sama shows the
number of sama annotations and #Ann. shows the number of beat annotations (including samas). Tf indicates
the median piece length in the dataset (m and s indicate minutes and seconds, respectively)

Tāḷa #beats #Akṣara #Pieces Total Duration Tf #Ann. #Sama
per cycle hours (min)

Ādi 8 32 50 4.21 (252.78) 4m51s 22793 2882
Rūpaka 3 12 50 4.45 (267.45) 4m37s 22668 7582
Miśra chāpu 7 14 48 5.70 (342.13) 6m35s 54309 7795
Khaṇḍa chāpu 5 10 28 2.24 (134.62) 4m25s 21382 4387

Total 176 16.61 (996.98) 5m4s 121602 22646

Table 2: Tāḷa cycle length indicators for CMRf dataset. τs and σs indicate the mean and standard deviation of the
median inter-sama interval of the pieces, respectively. τo and σo indicate the mean and standard deviation of the
median inter-akṣara interval of the pieces, respectively. [τs,min , τs,max] indicate the minimum and maximum
value of τs and hence the range of τs in the dataset. All values in the table are in seconds.

Tāḷa τs ± σs τo ± σo [τs,min , τs,max]

Ādi 5.34 ± 0.723 0.167 ± 0.023 [2.88, 7.07]
Rūpaka 2.13 ± 0.239 0.178 ± 0.020 [1.21, 3.10]
Miśra chāpu 2.67 ± 0.358 0.191 ± 0.026 [1.63, 3.65]
Khaṇḍa chāpu 1.85 ± 0.284 0.185 ± 0.028 [0.91, 2.87]

played and improvised. In this paper, we aim to study these rhythmic patterns and their relationship to the metri-
cal framework of tāḷa. To study those patterns, we built a beat-level annotated corpus of audio music recordings
of Carnatic music, that is described in the next section.

2 Carnatic music rhythm dataset

The Carnatic Music Rhythm (CMRf) dataset (?iiT,ff+QKTKmbB+XmT7X2/mf+�`M�iB+@`?vi?K@/�i�b2i) is
a rhythm annotated test corpus for many automatic rhythm analysis tasks in Carnatic Music [11]. The dataset
consists of audio excerpts from the Carnatic research corpus, manually annotated time-aligned markers indicat-
ing the progression through the tāḷa cycle, and the associated tāḷa related metadata.

CMRf dataset is described in Table 1, showing the four tāḷas and the number of pieces for each tāḷa. The
dataset has pieces in four popular tāḷas that encompass a majority of current day Carnatic music performance.
The pieces include a mix of vocal and instrumental recordings, recent and old recordings, and span a wide
variety of forms. All pieces have a percussion accompaniment, predominantly mridangam. There are also
several different pieces by the same artist (or release group), and multiple instances of the same composition
rendered by different artists. Each piece is uniquely identified using the MusicBrainz IDentifier (MBID) of
the recording. The pieces are mp3 stereo recordings, and sampled at 44.1 kHz. The audio is also available as
downmixed mono WAV files for experiments. The audio files are full length pieces or clips extracted from full
length pieces. Of the 176 audio files, 120 contain full length pieces. The total duration of audio in the dataset
is over 16.6 hours, with 121062 time-aligned beat annotations. The median length of a piece is about 5 minutes
in the dataset.

There are several annotations that accompany each excerpt in the dataset. The primary annotations are au-
dio synchronized time-stamps indicating the different metrical positions in the tāḷa cycle - the sama (downbeat)
and other beats shown with numerals in Figure 1. The annotations were created using Sonic Visualizer [12] by
tapping to music and manually correcting the taps. The annotations have been verified by a professional Car-
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Time varying tempo: Inter-beat interval (IBI)

§ Beat duration is time-varying across music pieces

• ~20% maximum deviation in median beat duration
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Figure 2: A histogram of the inter-sama interval τs in the CMRf dataset for each tāḷa. The ordinate is the fraction
of the total count corresponding to the τs value shown in abscissa. The median τs for each tāḷa is shown as a
red dotted line.
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Figure 3: A histogram of the inter-beat interval τb in the CMRf dataset for each tāḷa. The ordinate is the fraction
of the total count corresponding to the τb value shown in abscissa. The median τb for each tāḷa is shown as a
red dotted line.

natic musician. Each annotation has a time-stamp and an associated numeric label that indicates the position of
the beat marker in the tāḷa cycle. In addition, for each excerpt, the tāḷa of the piece is recorded. The possibly
time varying tempo of a piece can be obtained using the beat and sama annotations.

The annotations in the CMRf dataset are released under Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0). The audio in the dataset is copyrighted material sourced
from commercially available music releases uniquely identifiable through the MBID and hence is accessible.

3 Tempo distribution in the CMRf dataset

Table 2 shows a basic statistical analysis of the tāḷa cycle length indicators in the dataset, which is useful to
understand the tempo characteristics and the range of the metrical cycle lengths in the dataset. Ādi tāḷa is the
longest tāḷa in the dataset and hence has the highest τs among all the tāḷas. Despite no notated tempo, we can
see from the values of the median inter-akṣara interval, τo and its standard deviation that the tempo in Carnatic
music does not vary much across the tāḷas. The range of τs values show that a wide range of cycle durations
that are present in Carnatic music pieces. The shortest cycle in the dataset is less than second long, while the
longest cycle is over 7 seconds long.

The tempo values are not notated in Carnatic music, and the pieces are not played to a metronome. Hence,
in addition to the median values tabulated in Table 2 we present further analysis of the inter-sama interval (τs)
and inter-beat interval (τb) for each tāḷa over the whole CMRf dataset. A histogram of τs and τb for each tāḷa is
shown in Figure 2 and Figure 3 respectively. This shows the distribution of cycle lengths in the dataset over the
whole range of τs for each tāḷa, around the median value. Despite the large range of τs values, the distribution
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Figure 4: A histogram of the median normalized inter-sama interval τs in the CMRf dataset for each tāḷa. The
ordinate is the fraction of the total count corresponding to the normalized τs value shown in abscissa.
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Figure 5: A histogram of the median normalized inter-beat interval τb in the CMRf dataset for each tāḷa. The
ordinate is the fraction of the total count corresponding to the normalized τb value shown in abscissa.

in Figure 2 and Figure 3 show that the tempo often is limited to a small range of values. Though the musicians
are free to choose any tempo, we empirically observe that they tend to choose a narrow range of tempo.

To illustrate and measure the time varying tempo of music pieces in Carnatic music, we normalize all
the τs and τb values in a piece by the median value of the piece to obtain median normalized τs and τb values,
a histogram of which is shown for CMRf dataset in Figure 4 and Figure 5, respectively. These histograms are
centered around 1 since they are normalized by the median, and the spread of these histograms around the value
of 1 is a measure of deviation of tempo from the median value. From the figures, it is clear that the tempo is
time varying but with less than about 20% maximum deviation from the median tempo of the piece for all tāḷas.
This is an indicator of tempo variations in a music piece and of expressive timing that is often a part of Carnatic
music performances. The tempo deviations are seen to be similar across all tāḷas.

4 Cycle level rhythm analysis of the CMRf dataset

The āvartana (tāḷa cycle) is the most relevant metrical level in the tāḷa, and the level around which the whole
Carnatic music performance is organized, and hence an analysis of rhythm at cycle-level is relevant. Cycle-level
rhythm patterns aim to depict typical stress patterns that occur in the various parts of the tāḷa cycle and can be
analyzed in relation with the underlying tāḷa progression. These rhythm patterns are computed automatically and
are strongly related to the strokes of the percussion instrument. We average the spectral flux features organized
into cycle length sequences to compute a canonical cycle length rhythm pattern for each tāḷa. The process is
explained in detail in the next section.
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Canonical cycle-length rhythm patterns

§ Average patterns 

• Use beat and sama annotations

• Split spectral flux sequence into cycle length sequences

• Average over the complete dataset

• Top pane: >250 Hz; Bottom Pane: <250 Hz
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Figure 7: Cycle length rhythmic patterns learned from CMRf dataset for ādi tāḷa. In each of the following
Figures 7-10, the patterns are computed from spectral flux feature and averaged over all the pieces in the dataset.
The bottom/top pane corresponds to the low/high frequency bands, respectively. The abscissa is the beat number
within the cycle (dotted lines), with 1 indicating the sama (marked with a red line). The start of each aṅga is
indicated with beat numbers at the top of each pane (sama shown as ×). The plot shows the cycle extended by
a beat at the beginning and end to illustrate the cyclic nature of the tāḷa.
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Figure 8: Cycle length rhythmic patterns learned from CMRf dataset for rūpaka tāḷa.

The rhythm patterns are indicative of the energies of mridangam strokes played in the cycle. In the
figures, the bottom pane that shows the low frequency band has content from the left bass drum while the top
pane has content predominantly from the right pitched drum (and additionally from the lead melody). Hence,
for the purpose of this discussion, we use the terms left and right accents to refer to the accents in rhythm
patterns shown on the bottom and top pane, respectively. The left and right accents provide interesting insights
into the patterns played within a tāḷa cycle. Finally, it is important to note that the patterns illustrated here are
average patterns that occur and hence do not tell us much about the various individual patterns that might occur
in specific points in particular recordings.

We list down and discuss some salient qualitative observations from figures Figures 7-10. Overall, we
see stronger accents on the akṣaras, with sama having the strongest accent in most cases. We can clearly see the
accents organized in three different strengths, reflecting the metrical levels of the aṅga, the beat and the akṣara.
The two akṣara long beats in miśra chāpu and khaṇḍa chāpu tāḷas, and the four akṣara long beats in ādi and
rūpaka tāḷas can be additionally seen. The patterns played in Carnatic music are quite diverse, and no obvious
representative tāḷa pattern can be inferred, apart from the varied accents at three metrical levels. The tāḷas are
metrical structures that allow many different patterns to be played, and not a specific rhythm. It is further seen
that the first akṣara after sama has softer accents. Fewer strokes are played after the sama, to emphasize that
the sama has just passed and a new cycle has begun. It might also perhaps indicate some form of recovery time
after the intense stroke-playing towards the end of the cycle.

We now discuss some tāḷa specific observations. Figure 7 shows the rhythm patterns for ādi tāḷa. We see
that a three level hierarchy of aṅga, beats and akṣaras is well demarcated. The akṣara at half cycle (beat 5) has an
accent as strong as the sama. The odd beats (marked 1, 3, 5, 7) have stronger right accents. The left accents are
distributed through the cycle, with strong accents at half cycle. Figure 8 shows the rhythm patterns for rūpaka
tāḷa. Apart from the three level hierarchy of accents that is quite apparent, the half beat accent between the beats
2 and 3 are strong - indicating the often played 6+6 akṣara grouping structure of rūpaka, with a ternary meter.
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§ Three levels: akṣara, beats and sama

§ Less stress in after sama (recovery ?)

§ Common-knowledge: verified by a professional musician

§ Many different patterns can be played: these are averaged patterns

Carnatic Music: Cycle-length patterns
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Figure 7: Cycle length rhythmic patterns learned from CMRf dataset for ādi tāḷa. In each of the following
Figures 7-10, the patterns are computed from spectral flux feature and averaged over all the pieces in the dataset.
The bottom/top pane corresponds to the low/high frequency bands, respectively. The abscissa is the beat number
within the cycle (dotted lines), with 1 indicating the sama (marked with a red line). The start of each aṅga is
indicated with beat numbers at the top of each pane (sama shown as ×). The plot shows the cycle extended by
a beat at the beginning and end to illustrate the cyclic nature of the tāḷa.
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Figure 8: Cycle length rhythmic patterns learned from CMRf dataset for rūpaka tāḷa.

The rhythm patterns are indicative of the energies of mridangam strokes played in the cycle. In the
figures, the bottom pane that shows the low frequency band has content from the left bass drum while the top
pane has content predominantly from the right pitched drum (and additionally from the lead melody). Hence,
for the purpose of this discussion, we use the terms left and right accents to refer to the accents in rhythm
patterns shown on the bottom and top pane, respectively. The left and right accents provide interesting insights
into the patterns played within a tāḷa cycle. Finally, it is important to note that the patterns illustrated here are
average patterns that occur and hence do not tell us much about the various individual patterns that might occur
in specific points in particular recordings.

We list down and discuss some salient qualitative observations from figures Figures 7-10. Overall, we
see stronger accents on the akṣaras, with sama having the strongest accent in most cases. We can clearly see the
accents organized in three different strengths, reflecting the metrical levels of the aṅga, the beat and the akṣara.
The two akṣara long beats in miśra chāpu and khaṇḍa chāpu tāḷas, and the four akṣara long beats in ādi and
rūpaka tāḷas can be additionally seen. The patterns played in Carnatic music are quite diverse, and no obvious
representative tāḷa pattern can be inferred, apart from the varied accents at three metrical levels. The tāḷas are
metrical structures that allow many different patterns to be played, and not a specific rhythm. It is further seen
that the first akṣara after sama has softer accents. Fewer strokes are played after the sama, to emphasize that
the sama has just passed and a new cycle has begun. It might also perhaps indicate some form of recovery time
after the intense stroke-playing towards the end of the cycle.

We now discuss some tāḷa specific observations. Figure 7 shows the rhythm patterns for ādi tāḷa. We see
that a three level hierarchy of aṅga, beats and akṣaras is well demarcated. The akṣara at half cycle (beat 5) has an
accent as strong as the sama. The odd beats (marked 1, 3, 5, 7) have stronger right accents. The left accents are
distributed through the cycle, with strong accents at half cycle. Figure 8 shows the rhythm patterns for rūpaka
tāḷa. Apart from the three level hierarchy of accents that is quite apparent, the half beat accent between the beats
2 and 3 are strong - indicating the often played 6+6 akṣara grouping structure of rūpaka, with a ternary meter.
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within the cycle (dotted lines), with 1 indicating the sama (marked with a red line). The start of each aṅga is
indicated with beat numbers at the top of each pane (sama shown as ×). The plot shows the cycle extended by
a beat at the beginning and end to illustrate the cyclic nature of the tāḷa.
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Figure 8: Cycle length rhythmic patterns learned from CMRf dataset for rūpaka tāḷa.

The rhythm patterns are indicative of the energies of mridangam strokes played in the cycle. In the
figures, the bottom pane that shows the low frequency band has content from the left bass drum while the top
pane has content predominantly from the right pitched drum (and additionally from the lead melody). Hence,
for the purpose of this discussion, we use the terms left and right accents to refer to the accents in rhythm
patterns shown on the bottom and top pane, respectively. The left and right accents provide interesting insights
into the patterns played within a tāḷa cycle. Finally, it is important to note that the patterns illustrated here are
average patterns that occur and hence do not tell us much about the various individual patterns that might occur
in specific points in particular recordings.

We list down and discuss some salient qualitative observations from figures Figures 7-10. Overall, we
see stronger accents on the akṣaras, with sama having the strongest accent in most cases. We can clearly see the
accents organized in three different strengths, reflecting the metrical levels of the aṅga, the beat and the akṣara.
The two akṣara long beats in miśra chāpu and khaṇḍa chāpu tāḷas, and the four akṣara long beats in ādi and
rūpaka tāḷas can be additionally seen. The patterns played in Carnatic music are quite diverse, and no obvious
representative tāḷa pattern can be inferred, apart from the varied accents at three metrical levels. The tāḷas are
metrical structures that allow many different patterns to be played, and not a specific rhythm. It is further seen
that the first akṣara after sama has softer accents. Fewer strokes are played after the sama, to emphasize that
the sama has just passed and a new cycle has begun. It might also perhaps indicate some form of recovery time
after the intense stroke-playing towards the end of the cycle.

We now discuss some tāḷa specific observations. Figure 7 shows the rhythm patterns for ādi tāḷa. We see
that a three level hierarchy of aṅga, beats and akṣaras is well demarcated. The akṣara at half cycle (beat 5) has an
accent as strong as the sama. The odd beats (marked 1, 3, 5, 7) have stronger right accents. The left accents are
distributed through the cycle, with strong accents at half cycle. Figure 8 shows the rhythm patterns for rūpaka
tāḷa. Apart from the three level hierarchy of accents that is quite apparent, the half beat accent between the beats
2 and 3 are strong - indicating the often played 6+6 akṣara grouping structure of rūpaka, with a ternary meter.
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Figure 9: Cycle length rhythmic patterns learned from CMRf dataset for miśra chāpu tāḷa.
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Figure 10: Cycle length rhythmic patterns learned from CMRf dataset for khaṇḍa chāpu tāḷa.

Figure 9 shows the rhythm patterns for miśra chāpu tāḷa. We see that the aṅga boundaries have strong
left and right accents showing their use as anchor points to indicate the progression through the cycle. Though
defined with a 3+2+2 akṣara grouping structure, a 1+2+2+2 structure is often seen in miśra chāpu tāḷa, which
can be observed here, based on the strong left accent on beat 2. An additional strong left accent on beat 6 shows
that it is also used as an anchor. The rhythm patterns of khaṇḍa chāpu tāḷa shown in Figure 10 have a strong
left accent on beat 4, which is used as an anchor within the cycle. A stronger right accent on beat 3 shows the
progression through the unequal aṅgas. The 2+1+2 akṣara grouping structure of khaṇḍa chāpu is often played
out as 3+2 or 2+3, showing strong accents on beats 3 and 4.

The overall and tāḷa specific observations presented above from rhythm patterns have interesting musi-
cological significance. Most of these observations are common knowledge among musicians and musicologists
and the data-driven analysis presented here corroborates it. A professional Carnatic musician has validated
these observations, but there are many more insights that might be derived from these patterns with a further
in-depth analysis of cycle length rhythm patterns, leading to valid musicological conclusions.

5 Conclusions

We presented a corpus-level statistical analysis of tempo and rhythmic elaboration in Carnatic music. Starting
with a beat-level annotated dataset of audio music recordings of Carnatic music spanning over four common
tāḷas, we studied the inter-sama and inter-beat intervals to analyze the global distribution and local variations of
tempo in music pieces. We observed that the median tempo used by musicians is similar across different tāḷa,
while upto around 20% variation in inter-sama and inter-beat interval is seen in the dataset from the correspond-
ing median values. We used the spectral flux features in two freuqncy bands to computed the canonical cycle
length rhythm patterns. These rhythm patterns provided insights into stress and accents at different parts of a
tāḷa cycle, in relation to the underlying metrical structure of the tāḷa. These observations corroborate common
knowledge among musicians and musicologists about some aspects of rhythmic elaboration in Carnatic music,
showing the utility of the large corpus of data and analyses tools described in the paper to derive musicological
insights. While the paper only presented some insights, the methodology allows for deeper analysis to derive
further musically meaningful insights on the complex aspects of rhythm in Carnatic music.
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Figure 9 shows the rhythm patterns for miśra chāpu tāḷa. We see that the aṅga boundaries have strong
left and right accents showing their use as anchor points to indicate the progression through the cycle. Though
defined with a 3+2+2 akṣara grouping structure, a 1+2+2+2 structure is often seen in miśra chāpu tāḷa, which
can be observed here, based on the strong left accent on beat 2. An additional strong left accent on beat 6 shows
that it is also used as an anchor. The rhythm patterns of khaṇḍa chāpu tāḷa shown in Figure 10 have a strong
left accent on beat 4, which is used as an anchor within the cycle. A stronger right accent on beat 3 shows the
progression through the unequal aṅgas. The 2+1+2 akṣara grouping structure of khaṇḍa chāpu is often played
out as 3+2 or 2+3, showing strong accents on beats 3 and 4.

The overall and tāḷa specific observations presented above from rhythm patterns have interesting musi-
cological significance. Most of these observations are common knowledge among musicians and musicologists
and the data-driven analysis presented here corroborates it. A professional Carnatic musician has validated
these observations, but there are many more insights that might be derived from these patterns with a further
in-depth analysis of cycle length rhythm patterns, leading to valid musicological conclusions.

5 Conclusions

We presented a corpus-level statistical analysis of tempo and rhythmic elaboration in Carnatic music. Starting
with a beat-level annotated dataset of audio music recordings of Carnatic music spanning over four common
tāḷas, we studied the inter-sama and inter-beat intervals to analyze the global distribution and local variations of
tempo in music pieces. We observed that the median tempo used by musicians is similar across different tāḷa,
while upto around 20% variation in inter-sama and inter-beat interval is seen in the dataset from the correspond-
ing median values. We used the spectral flux features in two freuqncy bands to computed the canonical cycle
length rhythm patterns. These rhythm patterns provided insights into stress and accents at different parts of a
tāḷa cycle, in relation to the underlying metrical structure of the tāḷa. These observations corroborate common
knowledge among musicians and musicologists about some aspects of rhythmic elaboration in Carnatic music,
showing the utility of the large corpus of data and analyses tools described in the paper to derive musicological
insights. While the paper only presented some insights, the methodology allows for deeper analysis to derive
further musically meaningful insights on the complex aspects of rhythm in Carnatic music.
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Saraga - Open access Indian music corpora

§ Largest annotated open data collections for IAM

• Shared under Creative Commons Licenses

§ Audio and editorial metadata

• Uniquely identified with a MBID

§ Manual and automatic annotations

• Melody, Rhythm, Structure

A. Srinivasamurthy, S. Gulati, R. Caro, X. Serra, "Saraga: Open Datasets for 
Research on Indian Art Music", Empirical Musicology Review, vol. 16, no. 1, 
pp. 85-98, 2021. 

https://mtg.github.io/saraga/

https://mtg.github.io/saraga/


Saraga: Basic stats
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Saraga: Content

§ Recordings from concerts

§ Audio (under creative commons licenses)

• Part of Carnatic collection in multitrack

§ Editorial Metadata (Publicly available)

• Name, compositions, composer, artists + role, raga, tala and 

form



Saraga: Content

§ Annotations (Publicly available)

• Manual Annotations: Sections, Sama, Tempo, Characteristic 

melodic phrases

• Automatic Annotations: Predominant melody, tonic



Saraga: Organization

§ Tenets

• Easy access for human and machine consumption

• Open data and code

• Reproducibility

• Easy adoption by research and listener communities

• Enable community contribution

§ Grouped by music culture

• A music recording and all associated metadata



Saraga: Access

§ Open source API (PyCompMusic) to access content

§ Fetch metadata, source and derived files

§ Version-control through a publicly available repository

• Snapshots of dataset for different tasks

• Checksum for audio files

• Community contribution – help it grow and sustain!



Saraga: MIR Applications

§ MIR tasks

• Melody extraction, source separation, automatic rhythm 

annotation, structural segmentation, 

§ Musical Bridges

• Music Understanding and Appreciation

• Interactive visualizations synchronized with recordings

§ The Saraga app

• Enriched listening with the Saraga collections

• Visualize metadata



Saraga: App



Dunya: Enriched music listening

http://dunya.compmusic.upf.edu

http://dunya.compmusic.upf.edu/


Current Opportunity

§ Application for enhanced discovery and listening of Indian 

art music

• Curated Collections

• Listening à Enriched listening à Guided listening à

Discovery à Interactives

§ Combine audio, text and symbolic representations 

§ Get in touch if you are interested! 



Opportunities in India





Industry



Community

§ ISMIR mailing list
• https://groups.google.com/a/ismir.net/forum/#!forum/community

§ CompMusic mailing list
• https://groups.google.com/a/llista.upf.edu/forum/#!forum/compmusic-friends

§ SMC Network
• http://www.smcnetwork.org/

• Roadmap: http://www.smcnetwork.org/index.html#roadmap

§ Music Tech Community India

• https://musictechcommunityindia.wordpress.com

https://groups.google.com/a/ismir.net/forum/
https://groups.google.com/a/llista.upf.edu/forum/
http://www.smcnetwork.org/
http://www.smcnetwork.org/index.html
https://musictechcommunityindia.wordpress.com/


Learn

§ Audio Signal Processing for Music Applications on Coursera

https://www.coursera.org/learn/audio-signal-processing

https://www.coursera.org/learn/audio-signal-processing


Learn

§ ISMIR proceedings and tutorials

• https://dblp.uni-trier.de/db/conf/ismir/index.html

§ Audio signal processing books

• https://ccrma.stanford.edu/~jos/pasp/Book_Series_Overview.html

§ Meinard Müller, Fundamentals of Music Processing, Springer 2015

• http://www.music-processing.de/

§ Resources on Indian Art Music

• https://compmusic.upf.edu/

• SPARC Monograph - Indian Art Music: A Computational Perspective

• https://play.google.com/store/books/details?id=g-2rEAAAQBAJ&pli=1

https://dblp.uni-trier.de/db/conf/ismir/index.html
https://ccrma.stanford.edu/~jos/pasp/Book_Series_Overview.html
http://www.music-processing.de/
https://compmusic.upf.edu/
https://play.google.com/store/books/details?id=g-2rEAAAQBAJ&pli=1


Build and Contribute

https://github.com/MTG

https://acousticbrainz.org

https://musicbrainz.org

http://essentia.upf.edu

https://freesound.org

Music hackdays and hackathons
https://www.musichackday.org

HAMR@ISMIR (Hacking audio music research)
https://labrosa.ee.columbia.edu/hamr

https://github.com/MTG
https://acousticbrainz.org/
https://musicbrainz.org/
http://essentia.upf.edu/
https://freesound.org/
http://www.musichackday.org/
https://labrosa.ee.columbia.edu/hamr


MIREX: MIR Evaluation eXchange

https://www.music-ir.org/mirex/wiki/MIREX_HOME

https://www.music-ir.org/mirex/wiki/MIREX_HOME


Meet

§ ISMIR conferences

• https://www.ismir.net/conferences/

• 2022: Bengaluru, India

• 2023: Milan, Italy

• 2024: San Francisco, USA

§ Music Tech Community India

• https://musictechcommunity.org/

https://www.ismir.net/conferences/
https://musictechcommunity.org/


Upcoming Events

Audio Developer Conference

§ ADCx 2024 + Music Hack Day

• https://audio.dev/adcx-india-24/

• Jan 5-7, Bengaluru, India

https://audio.dev/adcx-india-24/
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