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Abstract Music structure is not only an important form of the music works to express artists’ ideas, but also is an

effective way for listeners to understand the meaning of the music. This paper proposes a timbre unit modeling method

based on musical features, using unsupervised clustering method to analyze music structure according to the distribution

of local timbre units, with the amended Fisher rule. The experiment results show that the unsupervised clustering

algorithm with DCT-based chroma feature is an effective way to analyze the music structure.
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����£�O�¶�|'})s�t���1�p�Ü © ¹)� ª��� â p�Ü��	1 �	2 ��1�p�3�4�¥�¦�p	5���� # _q�O�ë�¬���� á�ì
re
j =

Na
∑

i=1

n2
ij/(ne

j)
2, acp =

1

N

Ne
∑

j=1

re
j · ne

j

ra
i =

Ne
∑

j=1

n2
ij/(na

i )2, asp =
1

N

Na
∑

i=1

ra
i · na

i (4)

#G¹ �
N
£�O�C�6�Õ�7 � ©���s�¸G¹ p x Î���p�[ø«�

Na

O y C�6�Õ�7 ��  p�[�ø«� Ne

O y ©���s¸'¹ ��  p�[ ø � nij

O y Å���C�6�s�¸'¹)p�r i �
  � ì�Â�8�Å���©���s�¸G¹Rr j ��  p�[�ø«� na

i

£

O�Ø�Ù�s�¸G¹RÅ�� ��  i
p�9���[��

ne
j

£�O�¥Ç§�©
��s�¸�¹èÅ�� ��  j

p	9���[ z � K =
√

acp · aspÓ á ·���p�/�0�:�Õ�� K X ù�Ð��RÃÄh ©���s�¸ �Ø�Ù�s�¸�p�;�< © ��ù�a zr � !=/=0iÕ ô K Pairwise Precision (PP ),

Pairwise Recall (RP ), Pairwise F-measure (FP )[28−29],# _ q�O�ë�¬ á�ì
Pp=

|Me ∩ Ma|
|c| , Rp=

|Me ∩ Ma|
|Ma|

, Fp =
2 · Pp · Rp

Pp + Rp
(5)

#'¹)�
Ma

O y C�6�Õ�7�s�¸'¹)� Í�Î���ì���Õ���p����p�"�(�� ì���>��
Me

O y ¶�Ù�õ�©���s:¸'¹)�Í�Î���ì���Õ���p�����p�"�(��
| · · · |

O y ������[p�[�ø z
Pairwise Precision

OÑh±¯��	1�q�r ª � 2 ��1��¶�Â�p	5����:¤
Pairwise Recall

OÑh±¯ ª ��Ü��1���¶�Â�q�r�p�5�� z
3.2 ?�@���AÉ�ô�B�o�¶ ¸ ��v���������� Î�C�å�¹�º�ª�Â��
�

RWC
[�Ã�D��

32
É�|G}

K X p�E _ s�¸�w�O 1

x�y�z ����F�o�� ��å�¹�º�ª���� ¶ ¸ ��v�����Â��x�Ì ��  ��¢ ø	G ê�½ � �IH�®�¥�·�J�s�t�©���s¸�ÎÑh�K�p	L	M��
Chroma K X n	N�Ñ���·�Ð�� á

16.4%,
#�O�K

DCT-Based Chroma, á 16.1% zQP�R�
Bayesian Information Criterion (BIC)[30]

q�r���¢
×	S�ä�Õ�s�t�å�æ�Â��:¶�Ù�õ�s�¸�¹B�	T�Î�}	��o
¬�ÿ�p�� â z����U�n�¦�p�%�!�/�0 ô õ � RWC

[�Ã�D�p
x Î 100

É�E ø |'})¢ ø E _ �Ö#�s�¸�w�O
2 x�y�zÏ�O

2
����F�o��:Ù��

6
*�b���p

DCT-Based

Chroma
����p�¥Ç§�����s�¸�·�ÿ��¨#�O�K

Chroma,

V
1 WYX�Ú�Û�Ü�Ý����YZY[ K \Y]Y^ýþY_Y`ba

K Chroma DCT-Based Chroma CQT CQS MFCC

X�Ú�Û�Ü�Ý 0.5512 0.5644 0.5016 0.5040 0.5560

W�Ú�Û�Ü�Ý 0.6415 0.6552 0.5445 0.5660 0.6293

V
2 RWC cYdYe 100 fYgYhYi�ÞbjlkYmYnýþýÿ����Y]Y^ýþY_

oYp
Chroma DCT-Based Chroma(6Oct.) DCT-Based Chroma(4Oct.) CQT CQS MFCC

K 0.6311 0.6339 0.6286 0.5424 0.5698 0.627

Acp 0.6562 0.6673 0.6574 0.5245 0.5874 0.6464

Asp 0.6158 0.6074 0.6062 0.5827 0.5614 0.6175

FP 0.5786 0.59 0.5841 0.4665 0.5037 0.5757

PP 0.6178 0.635 0.6225 0.4633 0.5334 0.6096

RP 0.5731 0.5689 0.5688 0.5369 0.5075 0.5758
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*�b���p

DCT-Based Chroma, MFCC,

CQS, CQT z ª ï�����ýih)� DCT-Based Chroma
�

���£��§�Ä�p�L�<�ä�Ù�Í�Î�×�Õ�p�6�7�� zrq�s ê��×�É�©���s�¸�A�ÿ�p�|~}±� # ¥ §�����s�¸ y�t vw�v
3 zv

3
¹±�:·�^	U�K�å�¹�º�ª�}èÍ��º¹±��K�Ù�õ

©���s�¸��£��ì�p�u�Ä�£�O�ì�×����£·�ò�U�K�C�6�Õ
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y ,�� z ¶�©���s�¸'¹)�&Æ���z�¼�p�o���¯�4�����ps�¸��:Ï�v
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¿�À z

ú
3 }��ýþY_Y~Y�Y�ýþY_Y`ba ú (K = 0.8258)
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DCT-Based Chroma
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