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Abstract - In North Indian classical music Ragas have been categorized by ten different Thaats.  Each of the ragas 
comprises of melodic combination of the notes based on Thaat to which it belongs. In this paper we classify Ragas into 
various Thaats by detecting the key derived notes (Komal and Teevra Swar) present in the music sample. We used cepstral 
analysis to find the fundamental frequency and Chebyshev’s inequality to detect the notes of the music signal. Each Thaat 
has a typical combination of derived notes which forms the basis of classification. 
 
Index terms - Raga, Thaat, Komalnote, Cepstral Analysis, Chebyshev’s inequality 
 
I. INTRODUCTION 
 
The nucleus of Indian classical music is the Raga. A 
raga may be defined as a melodic composition with 
fixed notes (minimum five including Sa and at least 
one of Ma and Pa) and a set of rules that characterizes 
a specific mood and is expressed by performance. 
Jairazbhoy [1] has, described Ragas as separated by 
scale, line of ascent and descent, transilience, 
emphasized notes and register intonation and 
ornaments. The basic musical structures or Ragas 
have definite ascent (aroha) and descent (avaroha) 
note sequences that may not necessarily be identically 
reverse. Indian classical music is structured using a 
12 note scale consisting of 7 natural notes (Sudh 
Swar) in addition to 5 derived half-notes (Komal and 
Teevra). The base note (Sa) frequency of the scale is 
not fixed like Western music where base note is fixed 
C is at 240Hz and, inter-tonal gaps or the 
temperament of the scale may also fluctuate 
according to artist convenience. A lot of expert 
musicians from India still maintain that Indian music 
uses more than 12 intervals per octave while some 
musicians will disagree with such claims. It is widely 
accepted that north Indian classical music has a basic 
set of 12 notes [2]. A Thaat is a parent of a Raga. 
There are ten Thaats in North Indian classical music 
[3]. Each Thaat consist of set of seven notes in an 
octave as shown in table 1.  
 
In this paper we propose a simple technique to detect 
the notes in a north Indian Raga using signal 
processing and Chebyshev’s inequality [8] and then 
classify the Raga based on Thaat to which it belongs. 
 
II. THAAT IDENTIFICATION 
 
An expert musician can identify the Thaatof a Raga 
simply by listening the Raga performance[4]. In this 
process the expert musician identifies the notes and 
its combination by perceiving pitches [7] of the notes 
used in the performance. In this method, firstly, we 
extract the notes used in that Raga, secondly, with the 
help of extracted notes a Raga is classified into 

Thaats by recognizing the availability of key notes 
present in the Raga. Table 1 shows the typical Komal, 
Sudh and Teevra Swarasor its combination is used in 
particular Thaat and hence their presence or absence 
can form the basis of classification of Ragas into 
Thaat. 
 

 
 
III. METHOD OF ANALYSIS 
 
Music signals are characterized by their 
timefrequency representation [5]. Note detection from 
a sample of Indian classical music is an arduous task. 
A note or Swara is a typical sound atom [6] which is 
characterized by its pitch. Pitch of a note is perceived 
fundamental frequency. To find out the fundamental 
frequency of a signal different framing and 
windowing technique are used [7].The input to the 
system is a continuous time music signal where the 
notes are dynamic and changes rapidly with time. 
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Hence, we divide the signal into frames of small 
duration where the signal will be quasi static. 
Windowing helps to smooth the edges. Hamming 
window is used because it emphasizes peaks while 
suppressing spectral leakage. We used frame size of 
100 millisecond and hamming window for this 
experiment. Cepstral analysis technique is used to 
find out the fundamental frequency. After 
determining fundamental frequency Chebyshev’s  
Inequality[2,8] is used to detect the notes. Finally 
using table1 Thaat of the Raga is identified. 
 
A. Data base preparation for note identification 
First step involves data base preparation for note 
detection, where all the individual 12 notes of lower, 
middle and upper octave were played on a 
harmonium by an expert musician and recorded on 
laptop at a sampling rate of 44,100 samples per 
second, 16 Bit mono channel. Each note played for 2 
seconds. In second step the fundamental frequency of 
each of the note were evaluated using Cepstral 
Analysis technique[9] by keeping frame duration of 
100 ms. The mean and standard deviation of the 
detected frequencies of the particular note was 
determined. Frequency range for each note was 
calculated using Chebyshev’s inequality with 6 sigma 
limit. Table 2 presents the mean of the extracted 
fundamental frequencies of the note of 2 second, 
standard deviation in the fundamental frequency of 
the note and range of fundamental frequency of the 
note for middle octave. A similar table was also 
prepared for lower and upper octave. The 
fundamental frequencies of corresponding notes for 
the first and third octaves can be approximated by 
dividing and multiplying the mean by 2 respectively 
[9, 10]. 

 

B. Algorithm for note detection process 
1) Define variables for all the notes to be detected and 
input frame size duration. 
2) Find no. of frames in the wav file by dividing 
frame duration by length of the wav file and iterate 
the loop till the end. 
3) Perform Cepstral analysis on the frame and read 
the fundamental frequency of the frame and 
increment it. 
4) Detect the octave by comparing fundamental 
frequency with frequency range of each octave. 
5) If an octave is found then detect the note by 
comparing fundamental frequency with frequency 
range of each note of identified octave. 
6) If a note is found then repeat step 2 to 4 for three 
times to ensure that same note is staying for a specific 
time whose quefrency is n samples, the peak indicates 
the presence of a pitch that is 

Pitch = Fs/n (1) 

 
Figure 2: Block Diagram for note detection process 

 
 
C. Thaat detection 
After detecting the notes form music sample (Raga 
performance). The following method is used to 
classify the Raga based on Thaat. 
 
Algorithm for Thaat Classification 
1) Count the number of Komalnotes detected (n). 
 
2) if n=0 then Raga is from Bilawal Thaat. 
 
3)  If n=1, then 
If note Ma Teevra is recognized then Raga is from 
Kalyan Thaat else Raga is from Khamaj Thaat. 
 
4)  If n=2, then 
If recognized notes are Komal Re and Komal Dha 
then Ragais fromBhairav Thaat. 
Else if recognized notes are Komal Gaand Komal Ni 
then Ragais fromKafi Thaat  
Else if recognized notes are Komal Re and Ma 
Teevrathen Raga is from Marwa Thaat. 
 
5) If n=3 then 
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If recognized note are Komal Ga, Komal  Dha and  
Komal Ni then Raga is from Asavari Thaat 
Else if notes are Komal Re and Komal Dha and Ma 
Teevra then Raga is from Poorvi Thaat  
Else if notes are Komal Re, Komal Ga and Komal 
Dha and Ma Teevra then Raga is from Todi Thaat. 
 
6) If n=4 then Raga is from Bhairavi Thaat. 
 
IV. RESULTS 
 
From each of ten Thaats, 3 Ragas were selected 
makinga total of 30 Ragas for testing. The Ragas for 
testing were recorded at sampling rate of 44,100 
samples per second and 16 bit mono channel with 
base note Sa at 260 Hz in middle octave. Out of 
these, Thaatsof 26 Ragas were successfully detected 
and. Table 3 summaries the result of Thaat detection 

 

CONCLUSION 
 
North Indian Classical Ragas were successfully 
classified into various Thaatsby detecting key 
derivednotes(KomalandTeevra Swara) used in the 
Ragasperformance. The accuracy of the algorithm 
depends very much on the accuracy of note detection 
and the key notes must be present in the performance. 
Cepstral technique is used here for note detection as 
its performance is best for detecting fundamental 
frequency of vocal cord and music signal in presence 
of background noise as it converts convolution to 
addition and separates two different frequency 
signals. The overall accuracy of Thaat detection is 
86%. 
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