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ABSTRACT 
According to the musicology, musical content and musical 
structure are both major components of a music work. Most 
approaches of music retrieval, classification, and analysis use the 
information of the musical content, but not the information of the 
musical structure. The main reason is that the musical structure 
usually needs to be analyzed manually by experts, which is time- 
consuming and impractical. In this paper, we propose an approach 
for automatic music segmentation to extract the phrases and 
sentences of the musical structure. In addition to the rhythmic 
features, the melodic shape is also used to improve the 
effectiveness of the music segmentation. The experiments are 
performed to show that our approach is practical. 
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1. INTRODUCTION 
According to the musicology, musical content and musical 
strucme are both major components of a music work. The 
relationship of these two components is especially close from the 
viewpoints of composers. The musical structure is used to express 
the musical content while the musical content is used to determine 
the musical structure. However, most approaches of music 
retrieval, classification, or analysis use the information of the 
musical content, but not the information of the musical structure. 
Many researchers indicate that the performance of the approaches 
for music retrieval, classification, and analysis could be improved 
by combining the information of the musical structure. For 
example, [I21 shows that the learning rules of melodic expression 
are significantly improved when considering the musical Structure. 
Even though, most researchers only focus on musical content 
without considering musical structure. The main reason is that the 
musical structure usually needs to be analyzed manually by 
experts, which is time-consuming and impractical. Therefore, a 
practical approach for structure analysis is urgently needed. 
h this paper, an approach of automatic music segmentation is 
proposed to extract the phrases and sentences of the musical 
structure. Both of the rhythmic features and the concept melodic 
shape are used for music segmentation in our approach. 
The rest of this paper is organized as follows. In Section 2, we 
present related work and define key terms of this paper. In Section 
3, we present our segmentation approach. In Section 4, we use an 
example music object for music segmentation and perform 
experiments to show that our approach is practical. Finally, we 
conclude this paper in Section 5 .  

2. RELATED WORK AND DEFINITIONS 
Many researchers in musicology and music psychology 

fields agree that repetition is a universal characteristic in musical 
structure modeling [7] [8]. Accordingly, various algorithms are 
developed to find the exact or approximate repeating patterns in a 
music object [Z] [5]  [IO] [ I l l .  However, these algorithms for 
finding repeating patterns do not perform structure analysis since 
the discovered repeating panems may overlap or not satisfy the 
requirements of musicology. 
Several researchers have proposed approaches for music 
segmentation in phrase-level and sentence-level 131 [14]. The 
shoncoming of these approaches is that only the rests or the 
lengthened notes are considered for segmentation. [I]  introduces 
the Local Boundaly Detection Model (LBDM) to calculate 
boundary strength values for each interval of a melodic surface, 
i.e., pitch, duration, and rest, according to the strength of local 
discontinuities. However, to choose an appropriate weight for 
each interval is vely difficult. 
[6] provides a concept of melodic shape for phrase observation. In 
the case of Essen Folksong Collection, the statistics shows 
musical phrases tend to exhibit an arch-shaped pitch contour. Of 
the 36075 phrases in the database, three-quarters of all phrases are 
between six and ten notes in Icngth. Table 1 shows the statistics 
for different shape types in the database. The top four shape types 
are convex, descending, mrcending, and concme. Using the prior 
knowledge showed in Table 1, we design a heuristic approach for 
phrase-based segmentation. Then, repeating sentences can be 
obtained by merging these extracted phrases. 
Here, we define the key terms of this paper. 
Definition I: Terminative Note 
The note, that satisfies one of the two conditions described below, 
is marked as a terminative note. 
(I) The note preceding a rest. (A rest is an interval of silence in a 

music work, marked by a sign indicating the length of the 
pause [13].) 

(2) The note with a sudden change of boundary strength in terms 
of the duration intervals [I]. (The way to compute the 
boundary strength and detect a sudden change is described in 
Subsection 3.1.1.) 

Definition 2: Music Piece 
A music piece is a piece of music, which starts either in the 
beginning of a music object or right after a terminative note and 
ends with a terminative note. 
Definition 3: Phrase 
A phrase is a fragment of a music piece or a complete music piece, 
which satisfies the length constraint and exposes a certain melodic 
shape. 
Definition 4: Sentence 
A sentence is a basic unit of a music structure. Each sentence 
consists of one or more successive phrases, which exactly or 
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approximately repeats in a music object. 
Table 1. The statistics and definitions of all melodic shape 

types in Essen Folksong Collection. 
A. the pitch value of the first note in target phrase 
B: the pitch value of the last note in target phrase 

C: the averaee nitch value of the remainine notes in tareet ohrase 

, .... ""." , 
Convex I 13926 1 38.6% y AKC A B<C 

Daceoding 10376 1 28.8% -1 A X > B  
Ascending 1 6983 1 19.4% B>DA 
Concave 1 3496 I 9.7% h A X  h B X  

Musical Structure 

Phrase Phrase Sentence 
Extraction Clustering Extraction 

~~~~~~~~~ ~ ~ ~ ~ 

Figure 1. The process of our music segmentation approach. 
3. MUSIC SEGMENTATION 
The process of our music segmentation approach is extended from 
that of [14], which is described in Figure 1. There are three main 
steps of the process, i.e., phrase extraction, phrase clustering, and 
sentence extraction. Note that our approach is designed for 
monophonic music objects which are symbolic score-like 
representation, such as MIDI format. 
3.1 Phrase Extraction 
3.1. I Decision ofreminat ive  Note 
According to Definition I ,  there are two kinds of terminative 
notes in a music object. The first kind of terminative note is the 
note preceding a rest and the second kind is the note with a sudden 
change of boundary strength in terms of duration intervals. We 
can detect whether there exists a rest which follows the target note 
by calculating the interval between the current offset and the next 
onset. On the other hand, the sudden change of boundary strength 
in terms ofduntion intervals can be detected by using Equation (1) 
and (2) presented in [I]. Afler the calculations, the sequence [SI, 
S2, _.. , S.] can be obtained from a music object with the length n. 
Any local peak in this sequence indicates that the corresponding 
note is a terminative note. 
DEG;,{+, =I4 -D!+,/KD, +D.J (1) 
where D, w the duration interval of the target note Nj 

Dj+j is the duration interval of the following note Nj+,  
DEG,,j+l is the degree ofduration changing between N, 
and N;+I 

DEG,.,,; is the degree of duration changing between Nj., 
and N; 
DEGi,;+l is the desree ofduration changing between Nj 
and N;+I 
Sr is the strength of the note N, 

S, = 4 x (DEGL, + DEG ,.,, t )  (2) 
where 

3.1.2 Heuristic Approach for Phrase-based Segmentation 
After identifying the positions of all the terminative notes, the 
music pieces of a music object are extracted according to the 

terminative notes. However, a music piece is not always a phrase 
according to Definition 3. It may happen that there is no 
terminative note between two successive phrases. Therefore, we 
need to decompose some music pieces into phrases. The statistical 
information of the phrase length in [6] can help us to choose the 
candidate music pieces for decomposition. For phrase-based 
segmentation, we make an assumption that if a music piece is too 
long (> k), there may be more than one phrase composes it. Based 
on the statistical information, we set the k to be 12 (twice of 6) for 
our approach and experiments. If the length of a music piece is 
less then or equal to 12, the music piece is directly marked as a 
phrase. Othenvise, we try to decompose the music piece into 
phrases by using the concept of melodic shapes. The minimum 
length of a phrase, which is decomposed fiam a music piece, is 
fixed to 6 to avoid over-segmenting. Besides the original 
definitions of the four melodic shapes in Table 1, we add 
additional constrains for the convex and the concave. That is, the 
pitch difference between the first note and last note of a convex or 
a concave cannot exceed two semitones. By using the statistic 
information of each melodic shape for decomposition, the priority 
assigned to each melodic shape is based on the global possibility. 
When tlying to decompose a music piece, we first check whether 
a prefix music fragment with certain length of the music piece 
exposes a convex melodic shape. If all the prefix music fragments 
with lengths from 6 to 12 do not expose a convex melodic shapc, 
the descending melodic shape is then used to check the possible 
phrase, and so on. If a prefix music fragment is marked as a 
phrase with certain melodic shape, the prefut music fragment is 
then removed from the corresponding music piece. Again, the 
length of the remaining music piece will be checked to see 
whether it is over 12. If so, the remaining music piece will require 
further decomposition. 

. 
L 

Figure 2. A part o f  an example music object 
(Example] We take a part of a music object shown in Figure 2 as 
an example to illustrate the process of phrase extraction. The first 
step of the process is to identify the positions of all the terminative 
notes. The note Y is marked as a terminative node because a rest 
follows it. Similarly, the note X and Z are marked as terminative 
notes because they both have a sudden change of boundarj 
strength in terms of duration intervals calculating by Equation (1) 
and (2). Therefore, there are three music pieces in Figure 2. 
The next step of the process is to decompose music pieces. 
Because the length of the fust music piece is equal to 12, this 
music piece is directly marked as a phrase with a descending 
melodic shape. On the contmry, the length of the second music 
piece is 28, which implies that this music piece contains more than 
one phrase. We first detect whether the prefu music fragments of 
the music piece expose the convex melodic shape. The pitches of 
the t int  12 notes are (64, 62, 6Q, 57, 55, 67.67, 69, 67, 69, 64,621. 
Table 2 shows the prefix music fragments and their checking 
orden for detecting a possible phrase. According to the constraint 
of the convex, only the sixth and the seventh prefix music 
fragments could expose a convex melodic shape because their 
pitches of the last notes fall into the range 164.2, M+2]. For the 
sixth prefm music fragment, A, 9, and C is 64, 64, and 63.67, 
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3.2 Phrase Clustering 
After phrase extraction, the similar phrases are then grouped for 
sentence extraction. Each phrase is represented as a music contour 
[4] with the pitch of the first note. The similarity measure used for 
phrase clustering is defined in Equation (3) based on the contour 
and the pitch of the first note. We use the concept of longest 
common subsequence to measure the similarity between two 
music contours as shown in Equation (4). The similarity measure 
for the pitch similarity is shown in Equation (5) .  Moreover, we 
dynamically adjust the weights W, and W, based on the lengih of 
the shoner phrase by Equation (6). By using Equation (3), all 
phrases are then divided into phrase clusters. Two phrases pi and 
pj are grouped into the same cluster only if Sim(pj,pJ is greater 
than a given threshold. 

W, *Contour_Sim(p,,p,)+ W, *Pitch-Sim(pr,pi) 
where pL ondp, are both music phrases 

W, is the weighr for contour Jimilariy beween the two 
phrases 
W, is the weighr f i r  pifch similarity between the WO 
phrnses 

(3) Sim(p,,p,) = 

we+ WD = 1 
Contour_Sim(p,,p,)=lLCS(c,,c,)l/UeY(Ic, IMc, I) (4) 

Length The pitches of the prefix music fragment 
6 M,62.60.51.55.67 
7 64,62,60,57,55,67,67 
8 64.62, 60,57,55.67,67.69 

3.3 Sentence Extraction 
By the result of phrase clustering, a music object can be 
represented as a sequence of class labels. Simultaneously, we 
identify the possible starting phrases for sentence extraction by 
extending tho rules presented in [14]. The phrase at the beginning 
of a music object is marked as a possible staning phrase. In 
addition, the phrase that follows a note or a rest whose duration is 
longer than a given threshold 6, e.g., two beats, is marked as a 
possible starting phrase. Note that a possible starting phnse can 
only be positioned at the beginning of an extracting sentence. 
Using the information of possible starling phrases and the 
sequence of class labels, we can adopt the technique of sequential 
pattem mining [9] to extract repeating sentences. 
4. EXPEFUMENTS 
An example music object for displaying the result of our approach 
is shown in Subsection 4.1. Moreover, the experiments for the 
effectiveness of music segmentation are shown and explained in 
Subsection 4.2. 
4.1 Example Music  Object 
An indigenous music object named “Uyas Mrmum” [ 1 5 ]  is 
selected to display the result of out approach for music 
segmentation as shown in Figure 3. ARer phrase-based 
segmentation, nine phrases are extracted from the music object. 
The melodic shapes of the extracted phrased are also shown in 
Figure 3. AAer sentence extraction, we can find that the sentence I 
and the sentence I1 repeat three times in this music object. 
4.2 Effectiveness of the  Music Segmentation 
To evaluate the effectiveness of the phrase-based segmentation 
approach, we use SO indigenous music objects [IS] as the testing 
data set. The phrases of these music objects are extracted by the 
experts. That is, the end point of each phrase is marked by the 
experts. Supposc EX is the set of all end points marked by experts 
and AP is the set of all end points found by our approach. If a 
point E in EX and a point A in AP are at the same position, the 
point A is marked as a matching end point. If there is no point in 
EX at the same position of a point A in AP, the end point A is 
marked as a redundant end point. On the contrary, if there is no 
end point in AP at the same position of a point E in EX, the point 
E is marked as a missing end point. By comparing the end points 
marked by the experts and the end points found by our phmse- 
based segmentation approach, the numbers of tho matching end 
points (N&, the missing end points (N~J and the redundant end 
points ( N d  are counted to evaluate our approach as shown in 
Table 3. Here, N,,, is the number of end points indicated by the 
experts. The number of the end points found hy our approach is 
&, L W .  ..mat .In- 

where c, is the contour ofpj and cj is the contotit- of& 
ILCS(cz,cjI is the length of fhe longest common 
subsequence ofthe contours ci and c, 

Similarly, to evaluate the effectiveness of the Sentence extraction 
approach. the repeating sentences are also extracted by the experts 
from the training data set. The experiment is performed to see how 

~.flc;i.lc,!J is the i w i h  ofthe contours c, many existina rmeatinE can be found by using 
ana cj 

I Pi(, - Pit, I ,IF 1 pit, -pit, I< 12 
Pitch- Sim(p,,p,) = ’- 12 

0, otherwise 
pit. is thepirch ofthefirst note ofpi 
pit, is ihepirch ofthefirst nore of& 
12 is the number of the semilomy in a ocrove 

M7Nbil,b,U is the minimum length ofpi and& 

where 

U’, =+.I* MIN(/p ,  \,\pi l)+l.l AND Wc = I - $  
where 

- .  - - 
approach. The experimental result for sentence extraction is 
shown in Table 4. N,? is the number of total repeating sentences 
selected by the experts and NI, is the number of repeating 
sentences found by our approach. 
According to Table 3, the number of the redundant end points is 
more than half of the number of the mussing end points. The main 
reason that causes the redundant end points is that some longer 
phrases consist of sub-phrases. For example, a sub-phrase with an 
ascending melodic shape and another sub-phrase with a 
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Figure3. An indigenous music object named “Uyas Mrmum.” 
descending melodic shape compose of a phrase with a convex 
melodic shape. This situation is also introduced in [6]. Thereforc, 
our phrase-based segmentation approach may over-segment 
longer phmses. The problem of phnse over-segmentation doesn’t 
seriously decrease the precision of the sentence extraction. 
because the step of sentence extraction will merge the successive 
sub-phrases. However, the precision of the sentence extraction is 
still lower than that of the phrase extraction. The main reason is 
that some possible starting phrases are lost, because they don’t 
follow a note or a rest with enough duration. If a possible starting 
phrase of certain repeating sentence is lost, we will never extract 
that sentence. Decreasing the threshold S will cause another 
problem of sentence over-segmentation. Therefore, we still need 
to develop a general method to identify all possible starting 
uhrases for imorovina the effectiveness of the sentence extraction. - 

Table 3. The eflectiveness oi  the phrase-based segmentation. 
N., I N, I N,i. I N,& 1 Precision I RecaU 
596 I 465 I 131 I 215 I 68.38% 1 78.02% 

Table 4. The effectiveness of the repeating sentence extraction. 
N, I WO. I Recall 
I26 79 62.70% I 

5. CONCLUSION 
In this paper, we propose an approach to automatically segment a 
music object and extract the phrases and sentences of the music 
object as its musical smcture. Previous research only considers 
rests and lengthened notes, or variance of pitch and duration for 
music segmentation. Other musical characteristics, such as 
smoothness and harmonization, are ignored. In this paper, we 
adopt the concept of melodic shape to enhance the effectiveness of 
the music segmentation. The concept of melodic shape can be 
used to segment a music piece without rests, lengthened notes or a 
great variance of pitch and duration. As such, OUT approach 
extracts phrases which cannot be extracted by other approaches. 
The fust step of our approach is to use both the rhythmic features 
and the melodic shapes for phrase extraction. ARer segmenting a 
music object into phrases, a similarity measure considering the 
music contour and the pitch of the t int  note is provided for phrase 
clustering. Based on the result of the phrase clustering, the 
repeating sentences are extracted by using a data mining technique. 

Finally, an example music object is used to show the rcsult of our 
approach. Experiments are also performed to show the 
effectiveness of the music segmentation at both the phrase level 
and sentence level. 
Our approach for music segmentation is designed for monophonic 
music objects, In the future, we will research into automatic 
segmentation of polyphonic music objects. Moreover, other 
methods for sentence extraction will also be investigated to 
improve the effectiveness of the approach. 
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