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1. Introduction 
Various studies have been made of music retrieval due 

to the increase in multimedia technology and its contents 
of recent years (1) (2).  However, these retrievals are 
based on the metadata of music and there are few on the 
classification of music itself.  As the similarity of music 
cannot be obtained by these studies, it can’t be said that 
the listeners have been always satisfied with the result of 
the retrievals. Therefore, in this study, we attempted the 
analysis of music by the attributes of auditory perception 
from the viewpoint of the audiological psychology which 
recognizes the sound at a physiological level. 

With this approach, it is possible to establish the 
feature values of music by the attribution of auditory 
perception at a physiological level, without using a 

complicated model.  
	 

2. Hierarchical modeling of Kansei (sensitivity) 
We notice the individual difference of the standard of 

interpretation which appears through the process of 
human perception and  we are seeking to conduct a 
further study of the engineering modeling of this 
phenomenon (3) to (7)．	 By the application of this way of 
thinking, a model of human beings and the sound is 
shown hierarchically (Fig.1.) 
2.1 Kansei model at a physical level 

The level based on the features (the intrinsic features as 
a frequency-based physical signal) of sound itself before 
a human being can perceive the sound. 
2.2 Kansei model at a physiological level 
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The level which perceives sound based on the results 
of the extraction of various features, which are 
implemented in the physiological response feature by the 
attribution of auditory perception and the nerve pathways, 
through the human senses.	 
2.3 Kansei model at a psychological level	 

The level which expresses or interprets the features of 
sound or music by classifying the weight of the features. 
Features are obtained at the physiological level and by its 
subsequent grouping. 
2.4 Kansei model at a cognitive level	 

The level that interprets music by adopting a generic 
word (image word) for each of the groups classified at a 
psychological level.	 

	 

Fig. 1:	 Hierarchical modeling of Kansei 
	 

3. Sound as a physical signal 
When conducting experiments on music, it is very 

important to consider the source of sound to be 
investigated.  Taking recent automatic playing systems 
for examples, many of them re-create faithfully the 
contents of music written on scores (8) and (9).  
However, we receive a different impression of musical 
performances given by world-class musicians from that 
of the automatic playing system. 

This difference can be explained by tempo fluctuations 
in musical performance (10)．	 
 
4. Feature values at a physiological level (11)	 

It can be considered that human beings take notice of 

some features of sound at a physiological level and can 
evaluate those features.	 

We take notice of the following three points as the 
above features and seek the amount of features for the 
purpose of the human classification of the sound.	 
4.1 Pitch of sound	 

Pitch of sound is not measured directly and it is given 
by the attributes of auditory perception which can 
perceive relatively the change of sound.  Therefore, we 
consider it important to use the pitch of sound as feature 
values at a physiological level.	 
4.2 Intensity of sound	 

It is difficult to measure directly the intensity of sound. 
Therefore, such a method is employed that measures 
relatively the intensity of sound by logarithmics, 
indicating a comparison of the intensity of two sounds. 

As the intensity of sound is one of the attributions of 
auditory perception, we consider it important to use it as 
feature values for the classification of the intensity of 
sound.	 
4.3 Time variation of sound	 

Most sounds have a time variation and it is important 
to perceive this time variation for the study of the 
auditory perception.  As music is composed of the time 
variation of sound, we consider it important to use the 
time variation of sound as a feature value.	 
	 

5. Experiment at a physiological level	 
For each feature value at a physiological level as 

mentioned in Section 4, for this study, analysis was made 
by changing the frequency data into the short-lasting 
Fourier transform.  

Additionally, we aim to model on a physiological level 
by conducting the retrieval experiment of similar music 
through the evaluation experiment of feature values. 
5.1 Short-lasting Fourier transform of music data	 

A power spectrum can be obtained by the use of the 
short-lasting Fourier transform.  In this study, we 
divided the result of the short-lasting Fourier transform 
into plural ranges by the following process in order to 
study the relationship between the time variation of sound 
and the attributes of auditory perception.  The result of 
the division is shown in Fig. 2.	 
(i) The frequency, which represents the vertical axis of 
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the power spectrum, is divided by the six ranges shown 
in Table. 1.  

 
Table. 1 Frequency spectrum per range 

Treble 5000～10000Hz 
Middle Treble 2600～5000Hz 
Mediant 320～2600Hz 
Middle Bass 160～320Hz 
Bass 40～160Hz 
Bassy 20～40Hz 

	 

(ii) The time period, which represents the horizontal axis 
of the power spectrum, is divided by “S” seconds. 

 

   Fig. 2: Division of spectrum by range and time 
 

Now, the value of “S” is established by the formula (1) 
with the following conditions; 
(A) Sampling frequency of the data used is 22050Hz. 
(B) Sampling frequency is halved in the process of the 

short-lasting Fourier transform. 
(C) In order to implement the short-lasting Fourier 

transform, the number of data should be 2 multiplied 
by n.  

	 

	 

	 

As it is set as “n=12”, the time period per divided 
range is equal to the time per note of a tune with tempo of 
BPM 160.  It is considered that the value of “n= 12” is 
the most appropriate for the time period per divided 
range. 

By performing the following processing of the divided 
ranges, the amount statistics is sought from feature values.  
For the next step, evaluation is made of this statistics 
quantity. 

 
(a) According to the Weber-Fechner Law, “The amount 

of perception is proportional to the logarithmic in the 
amount of stimulus,” a logarithmic value (logPS) is 
sought of the power spectrum	 

(b) LogPS is sought of each of the six (6) ranges divided 
by (i). 

(c) The contrast of logPS is sought between the different 
ranges (Fig. 2.a) at the same time, “t.” 

(d) The contrast of logPS is sought between the different 
ranges (Fig. 2.b) at different times, “t, t+1.” 

5.2 Evaluation of the proposed feature values 
In order to examine the significance of feature values 

and its statistics quantity, a retrieval experiment of 
similar music was performed by the use of the statistics 
quantity which was sought, based on the proposed feature 
values.  
5.3 Summary of the experiment	 

The music data were collected from the 576 tunes of 
the Sound Material Collection (12), excluding recordings 
of sound effects and human voices. 

Fifty (50) tunes were selected at random among them, 
and the retrieval experiment of similar music was 
performed using these tunes as the key tunes.	 

An evaluation was made of the proposed feature values 
by seeking the average relevance ratio of the top 5, 10, 15 
and 20 similar music of the examination result. 

Further, in order to compare with the proposed feature 
values, the same experiment was performed using a 
power spectrum obtained from the fast Fourier transform 
as feature values. 
5.4 Result of the experiment	 

The relevance ratios are shown in Table. 2 of the result 
of the retrieval experiment of similar music, by the fast 
Fourier transform and by the proposed feature values. 
	 

Table.2 Relevance ratio of the top 20 similar music, of 
the examination result	 

	 ～5th ～10th ～15th ～20th 

Proposed 
feature values	 

72.8% 64.2% 56.4% 48.7% 

fast Fourier 
transform	 

59.1% 53.2% 47.5% 42.3% 
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The Wilcoxon rank-sum test was made using the 
results shown in Table. 2 and also an examination was 
performed of the significance of the difference of 
relevance ratios by the proposed feature values and by the 
use of the fast Fourier transform.  As a result, at a 
significance level of 1%, the difference was recognized as 
significant between the two relevance ratios of the feature 
values. 
	 

6. Experiment at a cognitive level	 
In order to establish a Kansei model at a cognitive 

level, an experiment was conducted by the use of an 
adjective called an “image word” to combine the human 
Kansei and the physical features of music. 
6. 1 Selection of image words and the summary of the 

experiment  
A questionnaire was carried out in advance on the 

subjects of “Image words frequently used for the 
evaluation of music.”  The following words were 
selected as the image words for use in the experiment 
(Table. 3.).	 

 
Table. 3 Image words used in the experiment 

vivid fresh tranquil 
pleasant monotonous swinging 
 
As the next step, a study was made on a five (5) grade 

evaluation to determine whether each image word was 
applicable or not for the 288 tunes which were selected at 
random among the music data base of 576 tunes, and then 
a model was formed of Kansei of auditory perception.  
Further, the two ways of analysis were performed using 
physical feature values at the dimension of 216 without 
any modification, and by the use of the stepwise 
selection.	 
6.2 Result of the experiment	 

Table 4 and 5 show the Multiple Correlation 
Coefficients adjusted for degrees of freedom by the 
Multiple Regression Equation, which were sought as the 
result of the experiment. 
 
 
 
 

 
Table. 4 Multiple correlation coefficients when 

variable selection was not performed	 

Image terms 
Multiple correlation 

coefficient 
vivid 0.5024 
fresh 0.6217 
tranquil 0.7997 
pleasant 0.5956 
monotonous 0.6661 
swinging 0.6817 

	 

Table. 5 Multiple correlation coefficients when 
variable selection was performed	 

Image terms 
Multiple correlation 

coefficient 
vivid 0.6534 
fresh 0.6516 
tranquil 0.8513 
pleasant 0.6842 
monotonous 0.5548 
swinging 0.7594 

	 

In the case where variable selection was applied only 
for the image word “monotonous,” it resulted in a low 
multiple correlation coefficient.  

  Of the other image words, higher multiple correlation 
coefficients resulted when variable selection was 
performed.  

However, of the difference of the value of multiple 
correlation coefficients by variable selection, a Wilcoxon 
rank-sum test was conducted. 

As a result, no significance was recognized in the 
difference. 
6.3 Evaluation experiment of the Kansei model of 

auditory perception	 
A retrieval experiment was performed about the Kansei 

of music by the use of the established Kansei model of 
auditory perception, and then by its retrieval precision, an 
evaluation was made of the established Kansei model of 
auditory perception.  Retrieval experiment of the music 
was performed by selecting 288 tunes out of the music 
data base of 576 tunes.  An evaluation was performed 
about the established Kansei model of auditory 
perception, by seeking the relevance ratio of the top 20 
estimated values per image word. 
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Further, in the experiment in the Section 5.1, an 
experiment was carried out about the difference of the 
multiple correlation coefficients by variable selection.	 
6.4 Result of the experiment	 

A retrieval experiment of Kansei was performed about 
music by the use of the Kansei model of auditory 
perception.  As a result of the experiment, the relevance 
ratios of the top 20 tunes were found as shown in Table. 6 
and 7, which were retrieved per image word.	 
	 

Table. 6 Relevance ratios when variable 
selection was not performed	 

Image terms	 
Relevance ratio of 
the top 20 tunes	 

vivid 70.0% 
fresh 75.0% 
tranquil 80.0% 
pleasant 70.0% 
monotonous 80.0% 
swinging 80.0% 

 
Table. 7 Relevance ratios when variable 
selection was not performed 

Image terms 
Relevance ratio of 
the top 20 tunes 

vivid 80.0% 
fresh 75.0% 
tranquil 95.0% 
pleasant 80.0% 
monotonous 85.0% 
swinging 90.0% 

 
Table. 6 and 7 show that the relevant ratio was higher 

in all the image words when variable selection was 
performed. 

A Wilcoxon rank-sum test was made using results of 
the difference of the relevance ratio.  As a result, the 
difference of relevance ratio was recognized at a 
significant level of 1%. 

Additionally, a retrieval experiment of Kansei was 
performed about the difference by variable selection.  
As a result, the difference of the relevant ratio was 
recognized.  

Table 7 illustrates that extremely high accuracy can be 
obtained of each image word as the result of a retrieval 
experiment of the Kansei of music, using a hearing 
Kansei model, which was established based on the 

proposed feature values and which underwent variable 
selection. 
 
7. Improvement of feature values	 
7.1 Selection of feature values	 

As the number of the dimensions of the proposed 
feature values decreased by 1/10 when variable selection 
was performed, it is considered that the proposed feature 
values are redundant.  Additionally, it is necessary to 
seek the feature values necessary for each image word.	 
7.2 Relationship between feature values and image 

words 
In order to seek the feature values necessary for each 

image word, the authors sought the standard partial 
regression coefficient by the multiple regression of the 
Kansei model of auditory perception. 

The feature values were sought of the top five (5) most 
important.  Table 8 shows one example of the variety of 
the said feature values. 
	 

Table. 8 Top 5 of the level of importance of “vivid”	 
Image terms Vivid 

1st Whole of midrange 

2nd 
Contrast between middle treble and 
midrange 

3rd Contrast between treble and bass 
4th Contrast between middle bass and treble 

5th 
Contrast between middle treble and 
treble 

 
The following can be considered from the result of 

Table. 8. 
“Vivid” - As the contrasts between various ranges of 

sound are ranked high on the axis of the “whole of 
midrange,” it can be considered that both features are 
important in a wide range, of the whole of tune and of a 
short time. 
 
8. Challenge and perspective	 

In this study, we proposed the feature values of sound 
from the viewpoint of human attributes of auditory 
perception at a physiological level. 

With the results of the evaluation experiment of 
statistics quantity which was obtained from the proposed 
feature values, we have obtained the possibility of 
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classification not depending on the name of tunes or 
composers, but by the use of the feature values which we 
proposed for this study,  

As a future policy, we will seek the improvement of 
statistics quantity, the most appropriate division of sound 
range, the increase in experiment data and others.  
Furthermore, by the use of the established auditory 
perception model, we are attempting the quantification / 
classification, by audio comparison experiment, of 
musical performances given by master musicians and by 
machines.  
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