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Abstract
Music as well as art both have been long recognized for their
therapeutic benefits. Music not only helps in enhancing general
wellbeing but also in combating several mental health issues.
Similarly, art therapy enables individuals to cope with their
emotional conflicts and allows self-expression. In art therapy,
doodling has especially been recognized for its various benefits
ranging from catharsis to improvement in memory. In this pa-
per we propose a system that amalgamates music and doodling.
The paper presents the mapping of the unconstrained doodling
patterns received as user input to generate pleasant music using
certain constraints. The paper explains the implementation of
these constraints in the form of the musical grammar from the
genre of Hindustani and Carnatic music. Initial feedback indi-
cates that such genre-based constraints are clearly needed for
the generated audio to sound musical.
Index Terms: Audio intervention, tunes, transients

1. Introduction
Mental health is a composition of one’s emotional, psychologi-
cal and physical wellbeing. It determines an individual’s ability
and capability to relate to others, handle stress and make ratio-
nal choices. The conventional therapies in psychology consists
of approaches like psychoanalysis, behavioral, cognitive and
humanistic therapy. These therapies are mainly administered
in the presence of a qualified psychologist [1]. However, in or-
der to manage daily stress conditions a positive state of mind is a
recommended intervention [2]. Research has established a close
correlation between creativity and positive state of mind [3].
Therefore, a daily dose of creativity is generally recommended
in promoting and maintaining mental health [4]. While creative
practices in day to day life can be as simple as a divergent ap-
proach to the daily tasks, psychology also suggests alternative
therapeutic interventions involving dance, drama, music as well
as art [5]. In this paper we will talk about the therapeutic bene-
fits as well as the amalgamation of music and doodling.

Music as a therapy involves listening to music, singing, cre-
ating music or discussing music along with guided imagery [6].
Music has been used as an alternative therapy in treating vari-
ous mental health problems like depression, dementia, autism,
schizophrenia, anxiety, insomnia as well as substance abuse [7].

Similarly, art as a therapy facilitates an individual to cope
with emotional conflicts and enhance their self-awareness by
creating art, viewing it and talking about it [6]. Art therapy
facilitates coping with emotional conflicts and enhances self-
awareness. It enables the expression of unconscious concerns
and conflicts [6]. Mindful doodling is a technique used in art
therapy to enhance self-awareness [8]. This technique looks
at how one can creatively self-express themselves by doodling
in order to evoke positive emotion and become happier [9].

Doodling has various advantages in that it acts as an outlet
for creativity, promotes catharsis, enables concentration, helps
solve problems and facilitates self-discovery [10]. Research
also shows that doodling is helpful in retention of memory [11].

Thus, we see that research indicates both music and mind-
ful doodling have individually shown promising potential as
therapeutic intervention for maintaining and enhancing mental
health [8, 12]. This motivated us to build a system which as a
combination reflects the positive effects of both the therapies
to create an enhanced user experience. This paper addresses
some of the challenges that need to be overcome before such
systems can be built. We also studied some of the existing sys-
tems which facilitate the creation of music through some form
of art or doodling.

1.1. Literature Survey

The existing systems integrating music and doodling have ex-
plored physical, digital as well as hybrid combinations. This is
primarily because doodling as well as music both can be gener-
ated physically as well as digitally and users have specific pref-
erences. However, since accessibility and ease of use is a com-
mon concern, we looked at the implementation of some of the
existing systems. ‘Harmonic Paper’ is an interactive interface
that converts a user’s drawing into music by means of micro-
controllers and photocells [13]. Similarly, ‘Draw Sound’ is a
drawing instrument which consists of a multi-touch input in-
terface for sound performance [14]. He’ and MelodicBrush are
also sound systems that convert calligraphic symbols into sound
and involve micro-controllers, photocells and multiplexers to
generate music by writing calligraphy [15, 16]. Although all
these systems exhibit innovative amalgamations of music and
art, they have a primary need for special hardware setups which
might not be feasible for all.

Therefore, we reviewed some of the more accessible apps
that combine music and art like Sketch-a-Song-Kids which pro-
vides children the ability to drag and drop images on the mobile
screen and create music [17]. Another app called Toca Band
allows users to mix and match musical characters where each
character represents some sort of instrument or sound [18]. Be-
sides there are also apps like Arpie [19] and Soundrop [20]
which facilitate interaction interfaces for users by generating
sounds of musical instruments like piano and marimba, respec-
tively. While most of these apps and systems allow a combi-
nation of music and some form of art not many systems allow
free form doodling to generate musical sounds. The key hesita-
tion for such a system implementation is in generating musical
sounds while doodling. The inclusion of a musical grammar
might be able to address this issue and hence our primary pre-
sentation through this paper.
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(a) (b)

Figure 1: (a) Doodle consisting of approximately horizontal lines starting from the top (b) Corresponding curves for pitch in semitones
and energy in (pixels/sec)2, scaled by a factor of 136 for visibility

(a) (b)

Figure 2: (a) Random doodle starting from the top-left and proceeding to, in order, bottom-right, bottom-left, and top-right (b) Corre-
sponding curves for pitch in semitones and energy in (pixels/sec)2, scaled by a factor of 136 for visibility

2. Grammar-constrained music generation
Consider an application where the user may doodle on screen
without any constraints. As the user doodles, the cursor’s coor-
dinates change with time t. Let the height be denoted by h(t)
and the width by w(t). Further, let the screen be of height H
and width W . A convenient unit for these four quantities is pix-
els. The typical convention counts the pixels from the top-left
corner. Thus, 0 ≤ h(t) < H and 0 ≤ w(t) < W . However,
intuitively, height should increase as the doodle moves upward.
Thus, we define:

x(t) =
w(t)−W/2

W/2
(1)

y(t) =
H/2− h(t)

H/2
(2)

which also brings the origin of the (x, y) coordinates to the cen-
ter of the screen, and |x(t)| < 1, |y(t)| < 1.

Unlike a music-specific application such as the iPad [21],
the focus of the doodle is not music. Therefore, several ways of
mapping the doodle to music can be explored. An intuitive way
is to define the pitch based on the y(t). Further, if we impose
that not moving the cursor does not produce any sound (which
is unlike music-generation apps), the speed of the movement
can be mapped as the amplitude of the music. Thus, the instan-
taneous pitch p(t) and energy A(t) are defined as:

e(t) =
(dx(t)

dt

)2
+
(dy(t)

dt

)2 (3)

p(t) = y(t) ∗ P − P0 (4)

where we set the range of the pitch P = 17 semitones, and the
offset in pitch, P0 = 5 semitones for a 17-inch laptop screen.

With the above mapping in a game-ified application, the
user has the opportunity to discover that moving horizontally
fixes the pitch, and moving horizontally at several levels pro-
duces different pitches that they may get accustomed to. An
example of the latter is shown in Figure 1. However, departing
from the music-generation application, we consider the case of
unconstrained doodling.

2.1. Observations on unconstrained mapping

With the definitions of amplitude and pitch according to Equa-
tions 1 to 4, it is possible to synthesize the pitch curve p(t) with
the amplitude

√
e(t). Several methods of synthesis are pos-

sible [22]; a standard technique is to use the pitch-bend com-
mands through Musical Instrument Digital Interface [23]. An
example of an unconstrained doodle and its pitch and energy
curves are shown in Figure 2.

In our internal experiments, it was evident that uncon-
strained doodles mapped to pitch and energy as above are not
pleasant. The unpleasantness was perceived by listeners that
were not familiar with music, and even more so by listeners fa-
miliar with music. In addition, the effect of the music on the
mental state of the user is not predictable. Thus, the music gen-
erated needs to be constrained. We observed that constraining
in pitch and energy are necessary, but the constraints in pitch
need to be more sophisticated.

The simplest method of constraining the pitch and energy is
to retain only their low-frequency components. Empirically, we
found that a low-pass Butterworth filter of order 8 with a cut-
off frequency equal to 4 Hz for both pitch and energy not only
reflects the movements of the doodle, but also is sufficiently
smooth. Additionally, the filtered energy can result in negative
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Figure 3: Three ways of rendering the svara Ni in a snippet of
Carnatic rāga bhairavī played on a flute. (a) As a note with
fixed pitch = N2 (b) and (c) As transients to S and N2 respec-
tively starting from the fixed-pitch D2. The pitch tracked ac-
cording to [24, 25] was corrected manually.

Table 1: Svara-names and positions of the 12 semitones/octave
for Carnatic & Western music, assuming note C is the tonic.
The notes of the major scale are shown in bold.

Svara-name Sa Ri or Re Ga Ma Pa Dha Ni
Carnatic S R1 R2 G2 G3 M1 M2 P D1 D2 N2 N3
Western C C# D D# E F F# G G# A A# B

Semitones 0 1 2 3 4 5 6 7 8 9 10 11

values in the output. We convert these to positive values. Let the
resulting filtered pitch and energy values be denoted by pf (t)
and ef (t). In this paper, we do not consider further constraints
on ef (t). In our internal experiments, we observed that the syn-
thesis of even the low-pass filtered pitch- and energy-values was
not perceived as pleasant. This suggests that constraints based
on music are needed.

2.2. Constrained mapping

One approach to constrain the mapping is to quantize pf (t) (or
p(t)) to the nearest musical note, i.e. using pq(t) = [pf (t)],
where pq(t) is the quantized pitch and [·] denotes the rounding
operation. However, with this approach the synthesized music
improved only marginally. Another important issue with such
an approach is that adjacent values in the quantized pitch may be
separated by a semitone, and the continuous feel of the doodle
is not reflected in the music. Further, large sections of the tune
sounded like chromatic scales. Thus, in this paper, we propose
imposing constraints based on the grammar of music-systems
that are known to use continuous pitch variation. Within such
systems, we avoid the chromatic scales.

2.2.1. Gamakas in Carnatic and Hindustani music

Many of the observations in this paper relate to Carnatic and
Hindustani music. While the concepts are similar, the nomen-
clature is different. For the purposes of discussion in this pa-
per, we use the Carnatic nomenclature. The mapping between
the notes in an octave for Western music and for Carnatic mu-
sic is given in Table 1. In Western music, melody is specified
in terms of these notes. Ornamentation such as vibrato (oscilla-
tion about the note’s mean pitch, typically faster than 5 Hz [26])
and glissando (glide between notes), is context-dependent and
not mandated. On the other hand, Indian music is character-
ized by continuous pitch variation called gamakas. A rāga is
a melodic entity in Carnatic and Hindustani music, whose iden-

Table 2: Example of grammar for the rāga mōhanam (Hindus-
tani: bhūp); Au = {S,R2, G3, P,D2},Ad = {S,G3, P}

.
Transients

Anchor Upward Downward
S G2 D2

R2 G3

G3 M1, P R2

P N2 G3

D2 N2, S

tity needs to be preserved across renditions. The skeletal defini-
tion of rāgas is given by ascending and descending sequences
of notes, from which phrases may be derived.

A svara in Indian music may be rendered in several ways.
The simplest method is to render the svara with a fixed pitch.
In this case, the mapping in Table 1 between svara-names and
notes in Western music is straightforward or at most one-to-
many. For example, Ni may be sung at the note position N2 or
N3. The exact mapping is decided according to the grammar
of the rāga. Figure 3(a) shows the mapping of Ni to N2, i.e. a
minor-scale note. In another important method, the svara starts
at a fixed pitch and finishes with a transient. Two alternatives
for the svara Ni are shown in Figure 3 where it starts at the
fixed pitch D2, and the transient is to S (b) or N2 (c).

The relationship between the anchor and the notes to which
a transient from the anchor is the subject of more elaborate
studies. In [27], an automatically derived grammar is used to
transcribe Carnatic music, where the underlying pitch curve is
guaranteed to be musical (except for pitch-tracking errors). This
grammar is derived statistically from histograms of anchors and
the nature of the transient adjacent to anchors. For each identi-
fied anchor, the transients possible from it are identified. This
grammar is thus similar to bi-grams, except that anchors are
rendered far more precisely than the extrema of transients [28].
In practice, a few false alarms and misses are seen in the supple-
mentary material in [28]. The aim in [27] was to reproduce the
original tune as closely as possible. As discussed in Section 2.1,
reproducing the mapped pitch curve pf (t) leads to non-musical
sounds. Thus, a hand-crafted grammar that is free from false-
alarms is more suitable. An example for the rāga mōhanam
(Hindustani: bhūp) is given in Table 2. Note that some an-
chors have upward transients (we call this set of anchors Au)
and some others have downward transients (denoted by Ad).
Some anchors may appear in both Au and Ad. As is common
in Indian music, the skeletal description of the rāga (roughly
the ‘Anchors’ column in the table) may not specify the gamakas
fully (G2,M1, N2 appear only in the transients-column). This
property helps in making the audio for a doodle sound more
continuous. However, for the purposes of doodling, the exact
adherence to the rāga is not required.

2.2.2. Proposed mapping

Algorithm 1 proposes the mapping of pf (t) to pq(t). An anchor
is defined as a segment of the pitch curve pf (t) whose duration
is at least 80 ms and whose pitch-values are all at most 0.3 semi-
tones from the mean pitch-value of the segment [28,29]. Owing
to the smooth nature of pf (t), the identification of local maxima
and minima is straightforward compared to the identification of
stationary points in [28, 29]. For each anchor, if the pitch curve
after it rises, we quantize the anchor to the nearest value inAu.
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Similarly, if the pitch curve after the anchor falls, we quantize
the anchor to the nearest value in Ad.

For the pitch curve between consecutive anchors, we intro-
duce the concept of a state for each local maximum or min-
imum. On the lines of [27], this state can be ANC (i.e., an
anchor) or a TRA (i.e., transient). Clearly, all the identified
anchors are in the state ANC. Further, it is believed that svaras
with and without gamakas approximately alternate in a Carnatic
tune [30]. We draw upon this observation to impose that the suc-
cessive local maxima and minima alternate between TRA (i.e.,
a transient) and ANC. After this state is fixed, each local maxi-
mum or minimum can be quantized to the nearest anchor, or to
the nearest transient-note relative to the preceding anchor.

Algorithm 1 Mapping pf (t) to note pq(t)

Identify anchors in the pitch.
for Pitch curve between every pair of consecutive anchors do

Identify the locations of local maxima and minima,
{tn}, 0 ≤ n < N , where N depends on the pitch curve.

end for
state← TRA
for t = {1, 2, . . . , N − 1} do

if state == ANC then
if tn > tn+1 then

pq(tn)← Nearest anchor inAd for which downward
transients exist

else
pq(tn)← Nearest anchor in Au

end if
state← TRA

else
if tn−1 > tn then
T ← The set of downward transients of pq(tn−1)

else
T ← The set of upward transients of pq(tn−1)

end if
pq(tn)← Nearest transient in T
state← ANC

end if
end for

In our observations, it is rare for a transient in Carnatic mu-
sic to oscillate more than twice between the same two notes.
Also, anchors scale far more than do the transients [31] across
speed. Thus, we perform the following post-processing steps:

1. Limit consecutive oscillations between the same pairs of
notes to at most two instances and replace the quantized
pitch values at all the local maxima and minima preced-
ing these oscillations by that of the quantized anchor.

2. The duration of transients is limited to the average ob-
served value of 150 ms [29], and the anchors adjacent to
the transients are extended correspondingly.

Given the quantized values {pf (tn)}, the continuous pitch
curve r(t) for synthesis is generated by setting r(t1) = pq(t1)
and then according to (5) for tn−1 ≤ t ≤ tn. This is repeated
for 2 ≤ n ≤ N . For the same random doodle of Figure 2, pf (t)
and pq(t) are shown in Figure 4.

r(t) = pq(tn−1) + (pq(tn)− pq(tn−1))(
t− tn−1

tn − tn−1
) (5)

Figure 4: Generated pitch for the random doodle in Figure 2.

In (5), linear interpolation is used as the simplest smooth
function. However, the algorithm is not sensitive to the exact
curve, because differences between possible curves are not easy
to perceive [22]. Audio is then synthesized from r(t) through
the Musical Instrument Digital Interface.

3. Discussions
The novelty of the current work lies in the mapping of the un-
constrained drawing patterns to generate music based on a par-
ticular genre (Carnatic/Hindustani). The system design intends
to provide an interactive doodle creation experience to the users
while translating the drawing inputs to a continuous pitch varia-
tion in audio. Since the aim of the system was to enable users to
aid mental health through music and doodling it was extremely
essential that the dynamic music produced by the system is mu-
sical and pleasing to hear. The internal testing of the system
has established that constraints based on music are essential to
synthesize a pleasing audio mapped to the act of doodling.

The system, however, needs a real-time time implementa-
tion to study the relaxing effects of doodling with and with-
out music. Formal studies on the impact of this intervention
are planned for the near future. A greater challenge will be to
approach samples who don’t prefer either music or doodle to
mental health but have also not been exposed to a therapeutic
amalgamation such as the proposed system. The system might
need further inputs such as interface preference, user control,
duration of interaction etc. to enhance its effectiveness. We
plan to conduct studies to incorporate such enhancements.

4. Conclusions and Future Works
In order to build a system for enhancing the doodling experi-
ence by generating music associated with that doodle, the un-
constrained doodling movements need not conform to musical
constraints. Our internal tests showed overwhelmingly that di-
rect mapping of doodling movements to musical parameters is
insufficient. Thus, even to test such doodling applications with
generated music, the unconstrained doodling movements need
to be mapped in accordance with music genres. This mapping
helps cater to most users. The real-time implementation of the
system will help understand its mental health enhancing effects.

Thus, our next steps will include the testing and analysis
of the system on its effect of enhancing mental health, reduc-
ing stress and providing relaxation. A primary step toward it
will also be to understand user preference of music based on
the studied genre and enable them to generate the desired effect
through their doodling. The system could also store the gen-
erated music and enable users to use the system as any other
musical instrument.
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