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ABSTRACT 

This paper describes an automatic system of music 
analysis based on the generative theory of tonal music 
(GTTM). The system works by acquiring the metrical 
structure of the music. The GTTM is considered one of 
the most promising theories of music in regard to 
computer implementation; however, no order is given 
for applying its rules and as a result, they frequently 
conflict with each other. To solve this problem, we 
introduced adjustable parameters, enabling us to assign 
priority to the rules. Our GTTM-based system makes it 
possible to construct hierarchical metrical structures in a 
top-down process using bottom-up detection of local 
metrical strength. Experimental results showed that after 
these parameters were tuned, our method outperformed 
the baseline performance.  

1. INTRODUCTION 

We are developing a system of music analysis based on 
the generative theory of tonal music (GTTM) [1]. The 
GTTM is composed of four modules, each of which 
assigns a separate structural description to a listener’s 
understanding of a piece of music. These four modules 
output a grouping structure, metrical structure, time-
span tree, and prolongational tree, respectively. Our 
goal is to automatically derive a time-span tree that 
assigns a hierarchy of ‘structural importance’ to the 
notes of a piece of music (Figure 1). Automatic 
generation of a time-span tree from the music surface 
enables us to analyse the deeper structure [2]. It will 
also provide music summarization [3] and collaborative 
music creation [4] systems that will enable users to 
manipulate music by using a time-span tree, 
disregarding the surface structure of the music. 

To derive a time-span tree, we use the grouping and 
metrical structures of the music. In previous work [5], 
we developed a system for automatically generating a 
grouping structure. In this paper, we describe a method 
for automatically articulating the transition of notes into 
a metrical structure. 

Previous methods based on beat tracking [6-9] are only 
able to acquire the hierarchical metrical structure in a 
measure because they do not consider larger metrical 
structure such as two measures, four measures, and so on. 
On the other hand a mathematical model for inner metric 
analysis [10] can acquire metric weight of each note. 
However the method can not acquire the hierarchical 
metrical structure.  

 We have previously attempted to implement several 
rules of the GTTM, but when these rules conflicted we 
were unable to adequately resolve the priority of multiple 
rules [11, 12]. Although a computer model of GTTM 
[13] is capable of producing a time-span tree, we, 
human, need to choose applicable rules at each stage of 
processing. 

Our system of metrical analysis based on the GTTM 
makes it possible to construct a hierarchical metrical 
structure automatically by iterating calculation of low-
level beat strength and choosing the next level structure. 

…
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Time-span tree

Metrical structure

Grouping structure  
Figure 1. Time-span tree, metrical structure, and 
grouping structure. 

2. METRICAL STRUCTURE ANALYZER 
BASED ON GTTM 

The metrical structure describes the rhythmical 
hierarchy of a piece of music by identifying the position 
of strong beats at the levels of a quarter note, half note, 
a measure, two measures, four measures, and so on. 
Strong beats are illustrated as several levels of dots 
below the music staff (Figure 1).   

Figure 2 shows the processing flow of the system. As the 
primary input formats we chose MusicXML [14] and 
designed GroupingXML [5], A hierarchical metrical structure  
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Figure 2. Processing flow of metrical structure analyzer. 



  
 
was constructed in the top-down way, while the lower-
level beat strength are detected in the bottom-up way. We 
then designed MetricalXML as the export format for our 
system; note elements in MetricalXML are connected to 
note elements in MusicXML and GroupingXML by 
Xlink [15] and Xpointer [16] (Figure 3). In our 
experiments, we restricted the music structure to 
monophony so we could more accurately assess the 
performance of each rule. 

MusicXML　
- <part id="P1">　

- <measure number="1">　
+ <note>　
+ <note>　
+ <note>　
+ <note>　

</measure >　
- <measure number=“2">　

+ <note>　
+ <note>　
+ <note>　
+ <note>　
+ <note>　

</measure >　
- <measure number=“3">　

+ <note>　
　　　　　　:
　　　　　　:

Grouping-XML　
- <
　　

group>　
- <group>　

　　　　+ <note id="P1-1-1">　
　　　　+ <note id="P1-1-2">　
　　　　+ <note id="P1-1-3">　
　　　　+ <note id="P1-1-4">　
　　　　+ <note id="P1-2-1">　
　</group>　

<applied rule="2a" /> 　
<applied rule="6" /> 　

　 - <group>　
　　　　+ <note id="P1-2-3">　
　　　　+ <note id="P1-2-4">　
　　　　+ <note id="P1-2-5">　
　　　　+ <note id="P1-2-6">　
　　　　+ <note id="P1-3-1">　
　　</group>　
</group>　

　　　　:
　　　　:

Xpointer　

Xlink　
MetricalXML　
- <metric dot="3" at= “0.0" >　

<applied level=0.25 rule=3>
<applied level=0.50 rule=3>
<applied level=1.00 rule=3> 　
+ <note>　

</metric>
- <metric dot="3" at= “0.25" >

<applied level=0.25 rule=3>
+ <note>　

</metric>
- <metric dot="3" at= “0.50" >

<applied level=0.25 rule=3>
　 <applied level=0.50 rule=3>

+ <note>　
</metric>
+<metric>
+<metric>
　　　　　　:
　　　　　　:

Xlink　

Xpointer　

 
Figure 3. MusicXML, GroupingXML, and Metrical XML. 

2.1. Application of MPRs 
There are two types of rules in the GTTM, i.e., “well-

formedness” and “preference” rules. Well-formedness rules 
are necessary conditions for the assignment of a structure 
and restrictions on the structure. When more than one 
structure satisfies the well-formedness rules, the preference 
rules indicate the superiority of one structure over another. 

The metrical preference rules (MPRs) consist of 10 
rules: MPR1 (parallelism), MPR2 (strong beat early), 
MPR3 (event), MPR4 (stress), MPR5 (length), MPR6 
(bass), MPR7 (cadence), MPR8 (suspension), MPR9 
(time-span interaction), and MPR10 (binary regularity). 
MPR5 has six cases: (a) pitch-event, (b) dynamics, (c) 
slur, (d) articulation, (e) repeated pitches, and (f) harmony. 
   Here we discuss the application of MPR1, 2, 3, 4, 5, 
and 10. The strength of the beat dependent on each rule 
can be expressed as Di

MPR j (0≦Di
MPR j≦1), where j = (1, 

2, 3, 4, 5a, 5b, 5c, 5d, and 5e) . Because there is no strict 
order for applying MPR rules, ambiguities in the 
analysis may result. To solve this problem, we use 
adjustable parameters SMPR j, where j = (1, 2, 3, 4, 5a, 5b, 
5c, 5d, 5e, and 10) that enable us to control the strength 
of each rule. Figure 4 indicates the relationship between 
the parameters and MPRs. Our metrical structure 
analyzer has sixteen adjustable parameters, which 
include SMPR j, Wr, and TMPR j (Table 1). 
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Figure 4. Relationship between parameters and MPRs. 

Parameters Description 
SMPR j Strength of each rule. 

j =(1, 2, 3, 4, 5a, 5b, 5c, 5d, 5e, and 10) 
Wr Weight of priority of the same rhythm compared 

with the same register in parallel segments. 
TMPR j Value of the threshold that decides whether or not 

each rule is applicable. j =(1, 4, 5a, 5b, and 5c) 

Table 1. Sixteen adjustable parameters. 

2.1.1. Calculation of basic parameters 
As calculated from MusicXML, the five basic 
parameters of a note from beat i are: veloi (velocity), 
valui (length of note), voli (duration of dynamic1), sluri 
(length of slur), and numi (pitch). µvelo, µvalu, µvol, µslur, 
and µnum are the average of the basic parameters. As 
calculated from GroupingXML, the two basic 
parameters i start and i end are the beginning and ending of 
a group that is the smallest group containing i and more 
than one beat in the current structure. 

2.1.2. Application of MPR1 
MPR1, which is the rule for parallelism in a metrical 
structure, has two adjustable parameters: Wr (weight of 
priority of the same rhythm compared with the same 
register in parallel segments), and TMPR1 (threshold that 
decides whether beat i and beat k are parallel, i.e.,  
 (Di k

MPR1=1) or not (Di k
MPR1=0)).  
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2.1.3. Application of MPR2 and 3 
MPR2 has a weak preference for a metrical structure in 
which the strongest beat in a group appears relatively 
early in the group. We formalized Di

MPR2 so that the 
closer it is to the beginning of the group, the higher the 
values. MPR3 prefers a metrical structure in which the 
inceptions of pitch-events are strong beats (Figure5). 
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Figure 5. Application of MPR2 and 3. 

                                                           
1The GTTM does not define the meaning of ‘duration of dynamic’. 
Therefore, we define it as the length from one beat to the next beat or 
rest, depending on the example of applying MPR5b in the GTTM [1]. 



  
 
2.1.4. Application of MPR4, 5a, 5b, and 5c 
MPR4, 5a, 5b, and 5c prefer a metrical structure in which a 
relatively strong beat occurs at the inception of either a 
stressed note, a long note, a long duration of a dynamic, or 
a long slur. We introduced the adjustable parameters TMPR j 
(0≦ TMPR j ≦1), where j = (4, 5a, 5b, and 5c) to control 
the value of the threshold that decides whether each rule is 
applicable, i.e., (Di 

MPR j=1) or not (Di 
MPR j=0) (Figure 6). 
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Figure 6. Application of MPR4, 5a, 5b and 5c. 

2.1.5. Application of MPR5d and 5e 
MPR5d is the rule for repetition of an articulation 
pattern. We apply MPR5d to those positions where 
there are inceptions of MPR5a repetition. MPR5e is the 
rule for pitch-repetition. 
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2.2. Calculation of low-level beat strength 
Low-level beat strength is calculated by weighted 
summation of Di

MPR j, where j = (1, 2, 3, 4, 5a, 5b, 5c, 
5d, and 5e). 
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structure (Figure 7). When the current structure contains 
more than one beat, the next level structure  is 
calculated as follows: 
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Figure 7. Selecting the next level structure. 

3. GTTM EDITOR 

We developed a GTTM editor to construct grouping and 
metrical structures, and time-span trees. The GTTM 
editor has two modes as follows.   

3.1. Automatic-analysis mode 
The automatic-analysis mode displays the results of our 
grouping and metrical structure analyzer (Figure 8). The 
structure changes depending on the parameters configured. 

 
Figure 8. GTTM editor (automatic-analysis mode). 

3.2. Manual-edit mode 
The manual-edit mode assists in manual editing of the 
grouping structure, metrical structure, and time-span tree 
(Figure 9).  It can be used to edit the results of our grouping 
and metrical structure analyzer in automatic-analysis mode.  

Now editing this
time-span tree
Time-span tree 
notes  
j  .
al metrical structure 
cture is constructed by 
-level strength of the beat 
choosing the next level 

Grouping structure

Metrical structure
 

Figure 9. GTTM editor (manual-edit mode). 



  
 

4. EXPERIMENTAL RESULTS 

We evaluated the performance of our metrical structure 
analyzer using an F-measure, which is given by the 
weighted harmonic mean of Precision P (the proportion 
of selected metrical dots that are correct) and Recall R 
(the proportion of correct metrical dots that were 
identified). We did not take care that low-level error is 
propagated up to higher-level; we counted wrong 
answers in each metrical level. 

RP
RPFmeasure +

×
×= 2                                                  (12) 

This evaluation required us to prepare accurate data 
for the metrical structure. We collected one hundred 
pieces of 8-bar length, monophonic, classical music 
(western tonal music that GTTM assumes to analyze), 
and asked people with expertise in musicology to 
analyze them manually with faithful regard to the MPRs 
using the GTTM editor. These manually produced results 
were cross-checked by three other experts. 

To evaluate the baseline performance of our system, 
we used the following default parameters: SMPR j=0.5, 
Wr=0.5, and TMPR j=0.5. The average F-measure for the 
baseline performance was 84%. We took about 10 
minutes in average for finding a plausible tuning of the 
parameter set by hand. As a result of configuring the 
parameters, the F-measure of our metrical structure 
analyzer reached 90%, outperforming the baseline by 
6% (Table 2). 
 
Melody Baseline 

performance 
Our method 
with configured 
parameters 

1. Spinnerlied 0.88 1.00 
2. Petit Chien 0.86 0.92 
3. Solvajg’s Song 0.86 0.86 
4. L’Arlesienne 0.92 0.98 
5. Tarantella 0.63 0.69 
6. The Moldau 0.73 1.00 
7. Tristesse 0.88 1.00 
8. Waves of the Danube 0.72 0.97 
9. Barcarolle 0.72 0.79 
10. Gymnopedie 0.66 0.82 

: 
: 

: 
: 

: 
: 

Total (100 melodies) 0.84 0.90 

Table 2. F-measure for our method 

5. CONCLUSION 

We developed a system for analyzing the metrical 
structure of music based on the GTTM. The system 
makes it possible to construct a hierarchical metrical 
structure. Our experimental result showed that the F-
measure reached 90%, that outperforms the baseline 
measure by 6%, with optimally configured sets of the 
parameters. At present, time-span trees are generated 
manually using only MPRs together with grouping-
structure information provided by GroupingXML. We 
are now planning to improve the precision of the trees, 
implementing further details of the time-span tree 
generation rule.   
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