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ABSTRACT

This paper presents an attempt to study the aesthetics of
North Indian Khayal music with reference to the flexibility
exercised by artists in performing popular compositions.
We study expressive timing and pitch variations of the
given lyrical content within and across performances and
propose computational representations that can discrimi-
nate between different performances of the same song in
terms of expression. We present the necessary audio pro-
cessing and annotation procedures, and discuss our obser-
vations and insights from the analysis of a dataset of two
songs in two ragas each rendered by ten prominent artists.

1. INTRODUCTION

A Khayal performance consists of a composition (the cho-
sen bandish or song with lyrics) that also forms the base
for improvisation [1]. That is, while the first occurrence of
a bandish line is typically rendered in its canonical form
from memory, the accomplished artist renders successive
repetitions of the line with pitch and timing variations in
specific ways to create an aesthetic experience appreciated
by listeners trained in the genre. A motivation for this work
is that suitable computational representations can help ob-
tain insights or verify hypotheses regarding this perfor-
mance practice. They can also inform tools to generate
realistic audio for artistic and educational contexts [2].

Performance expression, according to Juslin [3], con-
cerns "the small and large variations in timing, dynamics,
timbre, and pitch that form the microstructure of a perfor-
mance and differentiate it from another performance of the
same music". While the structure of the songs themselves
carries specific emotion – this certainly holds for bandish
given the raga that underlies the melody, and the seman-
tics of the lyrics, - expressive variations contribute to the
emotional impact of the performance. We present a review
of some of the work of musicologists who have studied
Khayal music from the viewpoint of composition and im-
provisation.
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In a scholarly work based on several vocal perfor-
mances of a single bandish by different artists, Morris [4]
used his transcriptions of the recorded music (well aware
of the ambiguities inherent in the manual process that in-
volves discrete symbols) to compare an artist’s rendition
with their self-declared notation for the composition. He
noted that some portions of bandish were reproduced iden-
tically, others were more flexibly produced, and proceeded
to investigate the extent and nature of the differences. An-
other example of such work is the analysis of a single live
performance by van der Meer [5], focusing on raga-related
vocal pitch inflections in the raga improvisation section
(alap) that triggered emotion as detected from the audi-
ence’s spontaneous audible reactions. He relates these ex-
pressive moments to the occurrence/execution of specific
ornaments. Finally, a close parallel of our problem is that
of tracking sangatis, which are lineage-dependent varia-
tions of the same lyric lines in Carnatic compositions [6].

More recently, the similar questions using slightly
larger, curated data sets have been facilitated by the avail-
ability of computational methods. Previous computational
studies have examined the variability of raga phrases in
the course of Khayal improvisation with respect to un-
derlying tempo and metrical location [7]. The context of
singing bandish lines, on the other hand, entails additional
constraints given the special importance accorded to the
lyrics in the context of bandish. Recently, a small compar-
ative study of two performances of the same bandish, with
reference to temporal deviations of note events from the
canonical metrical positions [8], served as a preliminary
validation for methodology using automatically detected
onsets for the audio-level and text-level alignment of man-
ual and reference syllable-level transcription. Their visual
representation of the distribution, across each performance
audio, of the timing offset corresponding to a specific met-
rical position showed the musicologically anticipated be-
haviour, viz. reduced deviation closer to the sam or down-
beat of the rhythm cycle. It also helped visualise the dif-
ference between the two performances in terms of the use
of timing expressiveness. In contrast, the present work (i)
uses a significantly larger dataset for a timing expressive-
ness study while also adding new attributes; (ii) includes
a new study of pitch-based expressiveness; (iii) proposes
computational measures for artist-level expression on each
of the studied dimensions and validates their potential for
discriminating performances based on expressiveness.

In the next section we provide some of the music back-
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ground needed to appreciate the specific questions we set
up for our work and our overall approach. Following this,
we present our dataset, audio and text processing methods
and the devised computational measures. Finally, we dis-
cuss our observations and attempts to draw insights.

2. BACKGROUND

Bandish are lyrical compositions that have been handed
down across generations by oral transmission and serve as
a sort of dictionary for the associated raga in terms of the
overall pitch movement and characteristic phrases [9]. The
two verses of the bandish, termed sthayi and antara, typ-
ically sung early on in any concert, are defined by their
lyrics and tune. In the early 20th century, music scholar Pt.
V.N. Bhatkhande launched on a mission to collect and no-
tate traditional compositions from across the country. He
devised his own ways of notating the melodies that so far
lay within the framework of oral transmission and largely
within hereditary musician families. The notation, consid-
ered a "schematic" form, requires an understanding of the
intricacies of the raga and tala system in order to interpret
in performance. Now widely respected, his monumental
work helped preserve the traditional compositions for pos-
terity [10]. Although commonly featured in learning con-
texts, it is held that the notation corresponding to a given
performed bandish is dependent to an extent on the lineage
(gharana) of the artist. Text differences exist as well, but
these are mainly due to spelling and dialects or verb forms,
while maintaining the recognizability of the lyrics.

Bhatkhande’s book [10] typically provides a single no-
tation sequence for every unique line of the song with a
raga swar (note), or a short sequence of swar, assigned to
every syllable of the lyrics. Figure 1 shows the canonical
notation of a bandish, as available

Figure 1. The composition Ja Ja Re from Bhatkhande [10]
as a machine-readable CSV file for the two verses of 2 lines
each.

in the book and the created machine-readable format,
retaining the note label (both pitch and lyric syllable) and
timing information as indicated by the labels of the 16-beat
tala cycle. In this study, all bandish are set in teentaal (16-
beat cycle), with salient matra (beats) like the sam (down-
beat, ’x’) and khali (9th beat, ’o’, coinciding with the start
of the second half cycle) explicitly marked. The top row
indicates beat number, the row below it indicates vibhag
symbols, marking the start of each quarter cycle. Each line

of lyrics of the bandish spans 16 beats, with each beat con-
taining either a syllable (or, seldom, multiple syllables), a
rest (empty string), or a continuation of the previous note
(‘s’). Each cycle is represented using two aligned rows:
(1) Notation row (black), which displays the main note
(sargam) with any ornamentation indicated as a superscript
preceding the main note (such as a grace note or a glide);
and (2) Lyrics row (red), which contains the corresponding
bandish lyric syllables aligned to the beat positions and as-
sociated notes.

In performance, singers typically repeat each line (and
sometimes its component phrases) several times with vari-
ations introduced after the first utterance is rendered in
the canonical form. The successive repetitions are charac-
terised by a certain fluidity in the notes and timing of where
a given syllable falls [4]. These variations are normally
extempore in concert settings but could show similarities
across the artists from the same musical lineage (gharana).
Viewing these as expressive variations of the bandish line,
as specified by its lyrics, we investigate the range and na-
ture of the expressive gestures as a function of the specific
word (via its component syllables) across its multiple oc-
currences in the singing. That is, we hope to obtain in-
sights about the structural moments of the song where the
expressive gestures are added and precisely which acoustic
parameters are varied to realise this.

3. DATASET AND PROCESSING

Our dataset 1 is designed to serve the objectives of our
study, namely, to observe the variations across repeated ut-
terances of a given bandish line across performances of
the same and different artists. We consider two specific
popular compositions, each with multiple performances
by several prominent artists in the genre, obtained from
across commercial and free internet sources. The sung
bandish lines are manually segmented from full concerts
(which also typically include several other sections, includ-
ing free improvisation in the chosen raga). The details of
the dataset used in this study appear in Table 1. An im-
mediate observation is the skewed distribution across the 4
bandish lines with Line 1 being sung far more frequently
than any other. This is common in the concert setting,
given that the bandish line 1 is known as the mukhda or
refrain of the song, analogous to the pallavi in Carnatic
style of Indian classical music.

We carry out vocals separation on the concert audio seg-
ments to eliminate the accompanying instruments. We use
a pretrained model (OpenAI/Whisper) for speech to text
conversion with a prompt comprising the words of the song
lyrics in Devanagiri script, together with expected pronun-
ciation variations. The obtained word sequence is then
aligned at the phone level to the audio using forced align-
ment with a Kaldi TDNN Hindi speech trained acoustic
model [11]. Next, the sequence of phones is segmented
into the syllables of the lyrics words. Each resulting syl-
lable’s onset instant is then identified as the frame corre-
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sponding to the consonant-vowel (CV) transition.

The resulting alignments are checked and manually cor-
rected for the occasional errors that arise mainly due to
the presence of long vowels in singing, poor enunciation at
times, as well as the occurrence of significant pitch inflec-
tions. We observe the manually corrected onset locations-
i.e. the syllable onsets as realised by the artist- marked
at the top of the waveform in the example of one full
tala cycle of the bandish in Figure 2. To obtain the beat
locations, we annotate the tabla stroke onsets using the
source-separated accompaniment file; we manually mark
the salient beats (downbeat ’x’ sam and 9th beat ’o’ khali)
in 1 cycle. Assuming a consistent local tempo, we divide
each half cycle (interval between one downbeat and the ad-
jacent tth beat into 8 equal parts, thereby obtaining all the
estimated beat instants across the rendition.

Next, we mark the canonical locations of the match-
ing syllables, positioning the syllables according to the
Bhatkhande notation (as in Figure 1). The position map-
ping of the realised syllable onsets to the corresponding
canonical syllable was implemented following the method
proposed in previous work [8]. We observe from Figure 2
how the realised onsets lag the canonical locations most of
the time.

Figure 2. Pitch contour (bottom) and sung syllable align-
ment (red) with canonical beat positions of the same sylla-
ble (black) for an excerpt of Ja Ja Re by ABD.

Finally the vocal pitch is extracted at 10 ms intervals us-
ing an autocorrelation based method for fundamental fre-
quency and voicing [12]. Brief pauses and unvoiced re-
gions are linearly interpolated to obtain a continuous pitch
contour for each sung syllable region. The pitch contour is
converted to cents by normalisation with the known perfor-
mance’s tonic. Eventually, we obtain for each performance
in our dataset, the segmented audio of each sung line an-
notated at the syllable level with syllable name, boundaries
and the pitch (cents) at 10 ms intervals. We use these low-
level features to define quantities that capture the singing
variations across repetitions of a bandish line within and
across singers. The reference for the comparison is the
syllable identity (i.e. its name and metrical location) as
defined in the canonical notation as presented in Figure 1.

Raga Bhimpalasi Yaman
Bandish Ja Ja Re Yeri Aali
Tala Teentaal Teentaal
Swar S, R, g, m, P, D, n, S S, R, G, M, P, D, N, S
# Concerts 15 13
# Artists 15 12
# Repetitions (L1, L2, L3, L4) 167, 39, 47, 47 94, 32, 35, 23
Matra per min range 138–200 111–203

Table 1. Summary of our dataset of concert recordings
across ragas, bandish, and artists. Swar notation details
are in the supplementary.

4. MEASURING EXPRESSIVENESS

We wish to quantify and compare the variability observed
in the acoustic realisation of a given syllable, from a spe-
cific line of the bandish, across (i) repeated utterances
within an artist’s performance, and (ii) utterances of the
same syllable across different performances/artists. The
acoustic parameters that we detect are: (i) the onset time
of the syllable, (ii) the syllable duration (as the time inter-
val between the current syllable’s onset and either the on-
set of the next syllable or the start of the following silence
segment, whichever occurs first. and (iii) the pitch contour
shape across the syllable interval. We illustrate the process
by providing examples of the processing and analyses of
the audio rendering of a chosen line by one artist.

4.1 Timing expression

The deviation of the detected onset from its reference as-
signed beat index in the canonical notation gives us an
estimate of the lag/lead of the singer for the syllable in
question. We represent the deviation in terms of fraction
of the local beat interval; this normalization facilitates the
comparison across instances and concerts. We can view
the thus measured timing offsets as evidence of expressive
timing, especially if this quantity shows variability across
repetitions of the syllable within the concert.

Figure 3. Deviation of the sung syllable onsets from the
canonical locations measured in the units of beat duration
for Ja Ja Re Line 1 by ABD for multiple repetitions of the
line.

Figure 3 captures the onsets of syllables in bandish 1,
Line 1 as rendered by singer ABD. The syllable names



are shown with their canonical matra locations at the bot-
tom. We note that some syllables occupy 2 beats and oth-
ers 1 beat in the canonical form. We observe, for exam-
ple, that "Jaa2" and "Man" (both 2-beat syllables) show
variations with a mean lag of about one beat. "Man" in-
stances however are much more dispersed. While a uni-
form offset could potentially indicate a structural differ-
ence between the artist’s version of the bandish and that
of the Bhatkhande book, a high standard deviation (like
in "Man") points to the artist’s in-the-moment expressive
variations. On the other hand, the 3 syllables preceding
"Man" show near-zero offsets across repetitions.

4.2 Pitch expression

Analysing the rendered song for pitch-based expressive-
ness is a rather involved task. There are many ways in
which the artist injects expressiveness in their performance
via pitch variation. As we want to analyse the different
ways of realising the same line of a bandish, we are in-
terested in the variability in the pitch contour (PC) shape
of a syllable across the multiple repetitions of that line. A
greater diversity of PC shapes can then be interpreted as
higher expressiveness in an artist’s repetitions of the line.

Figure 4. PC quantisation to the nearest raga note for one
instance of Ja Ja Re bandish line 1 rendered by artist ABD

For each syllable, the associated PC spans the duration
of that syllable; hence, this is not a fixed-length time series.
We represent this variable dimension PC for a given sylla-
ble with a lower and fixed-dimensional vector. We first im-
plement a piece-wise aggregate approximation (PAA) over
the syllable PCs. PAA is a time-series representation that
has been used widely in data-mining tasks [13]. This is
implemented as follows.

The syllable PC values are each first quantised to the
nearest raga swar (note), Figure 4 shows this process.
Next, the quantised PC values for a syllable across repe-
titions, is aggregated by dividing the quantised PC into a
fixed number of uniform intervals and assigning the mode
of the values to each interval. The number of fixed in-
tervals is set empirically to 10 intervals per beats allot-
ted to the syllable (treating the syllable extensions indi-
cated by ’-’ in Figure 1 to be a part of the previous syl-
lable, thereby adding to its allotted beats). The choice of
10 equal segments per beat interval is based on the tempo
range of our dataset (110-200 BPM or 300 ms to 545 ms

Figure 5. Three distinct renditions of the syllable "Jaa1"
by artist ABD, each represented by a fixed number of uni-
form time intervals. Each interval is mapped based on its
modal pitch to the nearest raga note, giving us the PAA
string representation for the syllable’s pitch shape. Fig-
ure 6 describes this process and the PAA strings for the
above PCs.

per beat) and sampling period (10 ms/sample) of the pitch
contour. This results in segments, each represented by a
short sequence of samples of the pitch contour. This bal-
ance allows capturing dynamic pitch fluctuations which
are prevalent in Hindustani classical music (HCM), with-
out over-quantisation. Now, each PAA interval within a
syllable is assigned a discrete symbol, where the symbols
are drawn from a suitable alphabet which comprises notes
(swar) across the relevant octave ranges. The resulting
string of note values (one per PAA interval) then represents
coarsely the realised pitch shape of the syllable. Figure 6
shows this process. The 3 string sequences in Figure 6 cor-
respond to the 3 PCs in Figure 5. This type of aggregation
presents a tradeoff of generality vs specificity.

Like in the case of syllable timing, we are interested
in the variation, if any, in pitch shape of a given syllable
across repetitions. We achieve this by computing the sim-
ilarity of the syllable PCs for pairs drawn from the set of
repetitions in a single concert. The Levenshtein edit dis-
tance [14] between the PAA strings provides us with the
number of note substitutions. We evaluate the Normalised
Levenshtein Substitution Score (NLSS) for each pair as a
measure of the dissimilarity. Figure 7 shows a matrix rep-
resentation (heat map) of NLSS values for a chosen sylla-
ble as rendered by one artist across 14 repetitions.



Figure 6. Processing pipeline for generating PAA string
representations for the pitch contour for different repeti-
tions of a syllable. The strings correspond to the PCs of
the syllable repetitions given in Figure 5 spanning 2 beats.

Figure 7. Heat map showing NLSS for each pair of "Jaa1"
syllable PCs drawn from the set of repetitions of line 1 of
bandish Ja Ja Re rendered by artist ABD

5. OBSERVATIONS AND DISCUSSION

We are interested in the within-artist variation for a given
bandish line and its syllables. This can facilitate poten-
tially valuable insights about (i) the preferred locations (in
terms of chosen syllables) for expressive gestures by indi-
vidual artists and across artists and (ii) the extent and na-
ture of expressive gestures for a given artist. Due to space
limitations, we present the analysis results for line 1 of one
bandish, with the other bandish presented in the supple-
mentary.

Figure 8 presents for each artist and syllable, the stan-
dard deviation (s.d.) of the timing deviation (as captured
in the example for artist ABD in Figure 3). The s.d. helps
us focus on the variability of offsets rather than on ac-
tual offset values (which might be attributed to structural
differences between the artist’s version and Bhatkhande’s
version of the bandish, rather than expression-related).

In Figure 8, we note the dominance of the first 3 syl-
lables for most artists. The full range of behaviours, how-
ever, includes IN at one end with minimal variations to DG
and RK, who introduce new variations on practically all
syllables. That IN does not exercise any flexibility is not

Figure 8. Standard deviation of the distribution of the frac-
tional timing deviation for every syllable over multiple rep-
etitions in one rendition, across artists.

Figure 9. Mean NLSS over all pairs of repetitions of each
syllable in line 1 of bandish Ja Ja Re, computed per artist.
serving as a dissimilarity measure across different repeti-
tions of a syllable by an artist.

surprising given that his performances were explicitly cre-
ated to closely follow the prescribed Bhatkhande notation,
as discussed here [15]. RK, on the other hand, is consid-
ered a virtuoso musician.

Aggregating across the rows, we obtain the per sylla-
ble behaviour across artists in Figure 10. The mean values
show that the first 3 syllables carry the most expressive tim-
ing, with "Jaa2" also showing the most spread across artists
(consistent with Figure 8). We see, for example, that PT
shows a large range in per syllable SD, again agreeing with
Figure 8. In the case of the artist ABD, we can observe that
the temporal deviation is spread relatively evenly, while
peaking for a particular syllable "Man", which is the down-
beat. This can be easily appreciated in listening to the au-
dio, which can be accessed in the supplementary material.

To assess pitch variability, we calculate the average
number of pitch substitutions by taking the mean of the
NLSS for all pairs of repetitions per artist and per syllable,
(normalised by the string length), calculated across all pos-
sible pairs of the given syllable utterances within a concert.
Figure 9 shows the values per artist and per syllable of Line
1. We can observe in Figure 8 and Figure 9 that both the
pitch and temporal variation across repetitions and across
different artists is more prominent at the beginning of the
line. Near the end of the line, the pitch variation increases,
which can be attributed to the emphasis on a semantically



Figure 10. Box-plot of s.d. of timing deviation param-
eter per syllable of Ja Ja Re Line 1 as aggregated across
concerts and artists. The tala-cycle ends at the syllable
"Ne", and a new cycle starts from downbeat at the syllable
"Man".

Figure 11. Box-plot of the mean of the averaged NLSS per
syllable of Ja Ja Re Line 1 as aggregated across concerts
and artists.

important word- "Mandirava".
The syllables "Pa" and "Ne" are near the tala-cycle

boundary, and we observe a minimum pitch and temporal
variation; this is consistent with the observations of [8]. As
the performer heads towards the tala-cycle boundary, their
overall tendency of variation and improvisation decreases,
aiming rather towards resolving the melodic and temporal
expression they have come up with in the particular tala-
cycle.

Aggregating across rows of Figure 9, we obtain the per
syllable behaviour over all artists in Figure 11. The dotted
line joining the means indicates that the pitch variation de-
creases as one approaches the tala-cycle boundary at the
syllable "Ne", while the the pitch expressiveness is higher
in the start and end of the line, which falls on the 7th and
5th beats of the tala-cycle respectively, which is far from
the cycle boundary, hence providing more scope for timing
and pitch expressiveness. We see, for example, that AC
and AK show high pitch variation across the repetitions of
the same line.

Hierarchical clustering of all the pairs from the set of
repetitions of a syllable by an artist provides us with infor-
mation about the variation clusters. A threshold can be de-
fined that decides if a variation belongs to a cluster or not.
More diverse variations would indicate more number of
clusters, indicating higher expressiveness. Dendrograms
are excellent for visualising such clusters. The realisation
of the previous syllable has an influence on which cluster
the following syllable variation would belong to.

Comparing Figure 8 and Figure 9, we note that expres-
sive gestures that utilise pitch are not necessarily at the
same locations that exhibit timing deviation in terms of
the preferred syllable. It is rather interesting to look at the
least amount of expressiveness in both pitch and timing lie
with the syllables that are near the tala-cycle boundary. An
analysis at the individual audio level would provide a more
accurate picture of the correlations, if any, and is left to
future work.

Our observations, reported here on the Line 1 of one
bandish, largely hold with the second bandish. The under-
lying reasons for the choice of specific syllables exhibiting
larger variability are similar to those discussed by Mor-
ris [4]. These include larger variations at line or phrase
ending syllables due to the effect of previous and next con-
texts, and the choice of syllables belonging to more emo-
tionally loaded words in the lyrics.

6. CONCLUSION

In this paper, we articulated the problem of modeling ex-
pressive variations in the context of performance of Hin-
dustani traditional compositions by established artists of
the genre. A well-known bandish in the chosen raga is
always sung at the beginning of a concert with multiple
repetitions of the lines, marked by variations in the loca-
tion and type of the expressive gestures. Based on our
proposed methodology, we showed that it is possible to
arrive at systematic patterns across artists by treating the
syllables of the lyrics as reference points for a study of the
range of variation. This also helped us discuss interesting
correlations between the roles of melody and rhythm in ex-
pressiveness.

We presented a dataset that was annotated with a combi-
nation of manual and automatic tools to obtain a rich repos-
itory of distinct realizations of the lines of two popular
traditional compositions. While much further exploration
remains possible, this work demonstrates the potential of
computational models for improvisation in the context of
compositions in the Khayal genre. This work lays the
foundation for generative applications by capturing high-
level performance features that reflect an artist’s distinctive
style. A preliminary experiment was performed to generate
the temporal deviations discussed above, where the distri-
butions formed by all the deviations of a syllable from its
canonical location for an artist were used to sample out
new points for each syllable. A sine-tone based audio was
synthesized from the generated pitch contour. The refer-
ence (Bhatkhande canonical form) and generated tracks are
available in the supplementary. This lets us create infinite
possibilities for rendering the same line, while at the same
time capturing some hint of the artist’s style. Extending
this approach to other acoustic dimensions for expression
such as timbre and dynamics can enable the generation of
classical music that embodies the unique identity of indi-
vidual artists.
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