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1. INTRODUCTION
The content-based retrieval of Western music has received in-

creasing attention recently. Most of this research deals with mono-
phonic music. Polyphonic music is more common, but much more
difficult to represent [3]. Music information retrieval systems must
extract viable features before they can define similarity measures.
We summarize and categorize features that have been used for poly-
phonic retrieval with the aim of laying standardized groundwork for
future research on feature extraction. Comparisons with and exten-
sions to monophonic approaches are given and a new feature is
proposed.

�
We do not consider music in audio form. The lowest-level repre-

sentation with which we are concerned is the event: the pitch, onset,
and duration of every note in a source is known. In ����������	
������

music, no new note begins until the current note has finished sound-
ing. Sources are restricted to one-dimensional note sequences.� ��������	
������
���������
 adds another dimension; notes with differ-
ent pitches may be played simultaneously, but they must still start
and finish at the same time. ����� ����	
������
 music adds yet another
complication. A note may begin before a previous note finishes.

2. EXISTING FEATURES� �"!#�%$'&(�"!*)�+,�.-#/0)�+
In the words of Blackburn [2], “feature

extraction can be thought of as representation conversion, taking
low-level representation and identifying higher level features.” For
monophonic music, this procedure is fairly straightforward. First,
independence between pitch and duration is assumed. Then, a num-
ber of decisions are made, between absolute and relative encoding,
whether to treat notes as a set or as a sequence, and whether or not
to apply structural, music theoretic analyses (a deeper, richer level
of feature identification) to features extracted at previous stages.

Techniques based on relative measures naturally assume a se-
quence of notes, since a sequence of at least two notes is needed
for relative encoding. The interval between two contiguous pitches
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or the ratio between two contigous notes is used to standardize se-
quences. A change in tempo or transposition across keys does not
significantly alter the music information expressed. Intervals and
ratios may be exact magnitude or they may be contour-based. Short
sequences are built into larger n-gram features using sliding win-
dows, repeating pattern detection, evolutionary pattern detection,
or automatic segmentation of a entire source into musically salient
phrases. [5, 6, 7, 10]. Those techniques which detect repeating and
evolutionary patterns have found note sequences which are both
contiguous and non-contiguous within the original source.

Other monophonic techniques extract richer structural or music
theoretic features. An example of such a feature for ������� information
retrieval is a part-of-speech tagger, which identifies words as nouns,
verbs, adjectives, and so on. Similarly, there exist techniques which
examine a set or sequence of note pitches and do a probabilistic best
fit to diatonic pitch set (equivalent to key and mode), or which define
rhythm complexity values over duration segments.�w�%���($'&(�"!*)�+���-*/0)�+

Polyphony poses serious challenges to
many monophonic feature extraction techniques. It is difficult to
speak of the “next” note in a sequence when there is no clear one-
dimensional sequence. Features such as pitch interval, duration
contour, even rhythm complexity are no longer immediately avail-
able, because there is not always one exclusive, salient pitch or
duration at any given time step.

For monophonic music, most researchers assume independence
between the pitch and duration of a note. For polyphonic music,
researchers additionally assume independence between overlapping
notes. In both cases, these features are not truly independent, but
the simplifying assumption makes retrieval much easier.

There are numerous methods by which overlapping notes are
segmented, multiple dimensions are reduced to a single dimension,
features are extracted. One of the oldest approaches to polyphonic
feature selection is what we call �����%����	
������
~��� ��
V����� . A mono-
phonic slice is a sequence constructed from a polyphonic source
by selecting at most one note at every time step. This monophonic
sequence is then further broken down using aforementioned mono-
phonic methods. Existing techniques extract sequences equal to
the source length [11], but current research suggests that automatic
extraction of shorter, musically significant n-gram sequences di-
rectly from a polyphonic source, using clues such as repetition and
evolution, will soon become possible.

Another approach to polyphonic feature selection we call 	
���������	
������
���� ��
V����� . An entire set of notes is removed at every time slice,
recasting the polyphonic source as a sequence of non-overlapping
note sets. The manner in which homophonic slices are created
differs. Various approaches consider only notes with simultaneous
attack time [4], all notes which are currently sounding [8], or all
notes within a larger, time or rhythm based window.



Homophonic slices are further tempered by structural methods
such as octave equivalence, harmonicity (e.g.: fitting the pitch set to
major and minor triads and 7th chords), and best-fit key signature.
Once independence between overlapping durations is established,
one may even transform a sequence of pitch slices ( ����� � �{�c�0�?���� ) into a sequence of pitch slice intervals ( ���I� � ���v�0�V�"���
� � )
thereby recapturing transposition invariance [8]:
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Other statistical methods have been applied to homophonic slices,
including but not limited to highest, lowest, average and total note
counts, chord counts, pitch class counts and pitch class entropy.

3. EXTENSIONS
We propose an extension to the homophonic slice feature. The

motivation for this extension comes from observations made by [9]
and [1]. Intervals formed from contiguous notes do not always
reveal the true “contour” of a piece. Ornamentation, passing tones,
and other extended variations tend to obscure musically salient pas-
sages. Rather than abandon intervals and return to absolute pitch
atomic units, we create “secondary” intervals or contour. In other
words, we extract pitch intervals between notes of non-contiguous
homophonic slices. To our knowledge this is a new feature for poly-
phonic music retrieval, one which accounts for durational indepen-
dence (slicing), transposition invariance (intervals), and secondary
contour (non-contiguity).

We once again transform the sequence of homophonic slices ( ��°� � �(�z�?�V�±��� ) into a sequence of pitch slice intervals ( �²�� � � � �V�?�3� �
� � ). However, each interval set � ¦ will no longer
exclusively contain contiguous intervals. Non-contiguous intervals
will be allowed between the notes at the current slice and the notes
up to ³ slices ahead in the sequence:
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It is possible to allow duplicates within interval
slices; the frequency of occurrence of each interval is given in the
set. This variation could be useful for separating “strong” from
“weak” intervals. For example, if one slice holds a C-Major triad,
and a neighboring slice rises to a G-Major triad, the set of intervals
will be ® µ k
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Y µeº Y µ � k
Y µeº Y µ ��� Y µ � s ¯ t3132�= µeº46Ja;�=?>�d�9�AB2%9�5e;�2�=X2�46]�2�=V5p;8[«>�=0»aO�=VJ�U?QaY'9EJ%G¼;�2�=?>�=?[½H�>�=:7X46]�2a;DC"=;�2�=35p;F>�H�J�]�=V5p;0Y�7XH�5p;'5�9EA64@=?J�;0Y�9�J�G8O�5F=�[�O�Aa[½H�>g>�=?;F>�46=Vd�9�A�P�O
>�P"H�5F=V5Vt
·e£��E)�£�¸0)��"!¿¾ 132�=8P�>�=Vd�46H�O�5_d�9<>�4@9E;�46H�J¼7:90QnC"=8[½O�>F;�2�=�>e=?y�`;�=?J%G�=VGRCaQ~K3=V46]�2a;�46J�]z46Ja;�=?>�d�9EA65w[�H�O�J�GN9<;e46J�U?>�=V9�5F46J�]�A6QNG
465p;�9�Ja;5FA646UV=V5Vtw132�H�O�]�2RJ�H�J
`ÀUVH�Ja;�46]�O�H�O�5©46Ja;�=?>�d�9EA65b9<>�=DO�5F=?[�O�A#[�HE>eG
=09�AÁ`46J�]¼Kc4Á;�2�HE>�J%9�7X=?J�;�9<;�46H�J�9�J%GÂH�;�2�=?>Xd�9E>�4@9E;�46H�J�5VY3;�2�=?QÃP"H�;�=?J�`;�4@9EA@AÁQÄ9�G�GNJ�H�465F=�tX132�=�J%9E46d�=�9EA@]�H�>�4Á;�2�7²=V»�O�9�A6AÁQRUVH�J�5F4@G�=?>�5D9�A6AJ�H�J
`iU?H�Ja;�46]�O�H�O�5g46Ja;�=?>�d�9EA65vKc4Á;�2�46J�;�2�=cG�465p;�9�J�UV=�Y ³ t'ÅB9E>�4@9E;�46H�JXÆG
H0KcJ�KL=V46]�2a;�5_;�2�=D46Ja;�=?>�d�9EA'9�5_9:[½O�J�U�;�4@H�J¼HE[L4Á;�5eG
465p;�9�J�U?=8[½>�H�7;�2�=�UVO
>F>�=VJa;e5FA64@U?=XO�5F46J�]n9n5F467XP�A6=�G
4@5p;�9EJ�UV=�[½H�>�78O�A@9~HE>D9~H�J�=?`;�9E46A@=VG�P�>�H�C�9�C�4@A64Á;�Q�G�465p;F>�46C�O
;�46H�J(t'132�=cG�H0KcJaK3=?4@]�2a;�4@J�]±G�Ha=V5vJ�HE;2�90d�=8;�HzC"=�7XH�J�H�;�H�J�46U09EA@AÁQNG
=VU?>�=09E5F4@J�]�Ç#46;_UVH�O�A«GN9�A65FH~C"=�P"=?>�4Á`H�G
46U�Y©d�9<>FQ�46J�]ÄKc4Á;�2�;�2�=,>�2aQ�;�2�7ÈHE>nC"=09<;nHE[e;�2�=�P"H�A6Q
P�2�H�J�46U5FH�O�>�UV=�t

4. CONCLUSIONÉ J�[½H�>F;�O�J�9E;�=VAÁQaY�A«9EU�M8H�[�;�=V5p;BUVH�A6A6=VU?;�46H�J�5VY�»aO�=?>FQ85F=?;�5VY�9EJ%G�>�=VAÁ`=?d�9EJ�UV='ÊFO�G�]�=?7X=VJa;�5B2�9�5L7:9�G�=�=Vd�9�A6O�9E;�46H�JzH�[�;�2�=?5F=wP"H�A6Q
P�2�H�J�46U[½=09E;�O
>�=V5:G�4ÁËXU?O�AÁ;0t�\LO�>F>�=VJa;�AÁQIKL=,9E>�=nU?>�=09E;�46J�]¼UVH�A6A@=?U?;�46H�J�5:HE[

C"H�;�2nÌno�^boL9EJ%G:ÍbO�7:G�>�O�7Îx%A6=V5e|�K�K�Ket 78O�5F=0G�9E;�9
t HE>�]�}B;�HD;�=?5p;;�2�=?5F=_[�=09<;�O�>�=V5VtW�=09<;�O�>�=c5F=VA6=VU?;�46H�Jz[½H�>L;�=�y
;B46J�[½H�>�7:9E;�46H�J:>�=�;F>�4@=?d�9EA%2%9E5LO�J�G�=?>F`]�H�J�=zG�=?U09�G
=V5±H�[�>�=V5F=09<>�U�2{t~ÏÄH�>�G¼[½=09E;�O
>�=V5VYv9�J�GN;�2�=�>�=V]�O�A«9<>F`=?y
P�>�=?5F5F4@H�Je;�=VU�2�J�4@»aO�=*[½H�>*=�y
;F>�9EU?;�46J�]3KLH�>�G�5VY�9<>�=L9EUVUV=VP
;�=0G_5p;�9�J
`G�9<>�G�5VtvÍb46]�2�=?>F`ÀA6=Vd�=VA"[½=09E;�O
>�=V5c5FO�U�2,9�5�KLH�>�Gn5p;�=V7X5VY
5pQ
J�H�JaQ�7X5VY9�J�GÐP�9E>F;F`ÀH�[«`À5FP"=V=VU�2Ð;�9E]�5VY�HE>:5p;�9E;�465p;�46U09�A©7X=09�5FO
>�=V5�5FO�U�2�9�5 � Ñ9�J�G ��ÒpÑ 9E>�=eUVH�7X7XH�Jn9�J%G:[�9E46>�AÁQ~K3=VA6A{O�J%G
=?>�5p;�HaH�G{tÓ H�AÁQ
P�2�H�J�4@Ug78O�5F46U'o�ÔI2�9�5{J�HE;*G
=Vd�=VA6H�P"=VG_5p;�9�J%G�9E>�G
4@Õ?=0G_7X=?;�2�`H�G�5'[½H�>v[�=09<;�O�>�=�=?y�;F>�9�U�;�4@H�J(Y�=Vd�=VJD[�H�>v5F467XP�A6=�Y�A6H<K�`ÀA6=Vd�=?A�[�=V9E;�O�>�=?55FO�U�2D9�5#KLH�>�G
53|�H�>*;�2�=V4Á>*=0»aO�4@d�9�A6=VJa;#9�J�9�A6H�]�O�=�Y�46[�9�JaQXÖ m<×�}�t Ó H�AÁQ�`P�2�H�J�4@Uv[�=09<;�O�>�=V5g9<>�=�9c7�O�U�2±7XH�>�=BG�4ÁËXUVO�AÁ;'U�2�9�A6A6=VJ�]�=3;�2%9EJ±;�=�y
;[�=V9E;�O�>�=?5VtLÆB=?;F;�=?>3O�J%G
=?>�5p;�9�J�G�46J�]±H�[{;�2�=©7XH�;�46d�9E;�46H�J�539EJ%G�P�>�46J
`UV46P�A6=V5vO�J�G�=?>�AÁQ
46J�]w=?y
4@5p;�46J�]b;�=VU�2�J�4@»aO�=?5VY�9E5gKL=VA6A%9E5L9EJ�46Ja;F>�H�G�O�U�`;�46H�JNH�[39zJ�O�78C"=?>wH�[3J�=?K.[½=09E;�O
>�=V5VY#465eJ�=V=0G�=VG{t±ÆBQRUV9E;�=V]�H�>�46Õ?`46J�]_=�y�465p;�46J�]_;�=?U�2�J�4@»aO�=V5g9EJ%G8P
>�H�P"H�5F4@J�]±9b7�O�5F46U09�A6AÁQ�7XHE;�46d�9<;�=0G=?y�;�=VJ�5F4@H�JI;�H�H�J�=z5FO�U�2I;�=?U�2�J�4@»aO�=�Y(;�2�465DKLH�>�M¼UVH�J
[½>�H�Ja;�58C"H�;�2>�=0»aO�4Á>�=V7X=?J�;�5Vt
5. REFERENCESÖ � ×8T�t�ÆLA@9�U�M
C�O�>�Jn9�J%Gz^�t�^_=VÔ©H�O�>�=�t�u�;�HaH�A{[�H�>UVH�Ja;�=VJa;F`ÀC%9E5F=0G~J�9<d�46]�9<;�46H�J,HE[g7�O�5F46U�t
oiJ �3Øp�0
�����Ò����a���D�FÑÙDÚ#ÛÝÜ �����?Ø���Þ���������Þ�� Û �
�Á�������FÒ���Þ Ú ���0Ñ?�?ØF�?�%
��ß ÙDÚ#ÛnÛ,Ûzà Y � h�h�r
tÖ j0×8T�t%á8t%ÆLA@9EU�M�C�O
>�J(t�\LH�Ja;�=VJa;©C%9E5F=0Gz>�=�;F>�4@=?d�9EA*9�J�GJ%90d�4@]�9E;�46H�JnH�[g7�O�5F46U�Y � h�h�h
t{Ìn46J�46`�;�2�=V5F465VY É J�46d�=?>�5F4Á;�QzHE[T
H�O
;�2%9E7XP�;�H�J{t
Ö m<×±^�t%ÆvQ
>�G~9�J�Gn1bt%\B>�90K�[½H�>�G�t Ó >�H�C�A6=V7X5cH�[*7�O�5F46U4@J
[�HE>�7:9E;�46H�Jn>�=�;F>�4@=?d�9EA(46Jn;�2�=b>�=09�A{K3HE>�A«G�t%1(HX9�P�P"=09E>©46J
Ü �0Ñ?��Ø���Þ��������~�3Øp�0
��?�����½�a�,Þ���Ò Û Þ��%Þ0�a�?���?�%� Y�jEk�k � tÖ sE×8Ì¼t�^_H<d�=�Qat�u©J,9EA@]�H�>�4Á;�2�7â[½H�>©A6HaU09E;�46J�]XP"H�AÁQ�P�2�H�J�46UP�2�>�9E5F=V5�Kc4Á;�2�46J�9�P"H�A6Q
P�2�H�J�46U_P�46=VUV=�t%o�J ��Ø��0
����FÒ��½�a���D�FÑÙ©Ü�ãaä.ã ���©�
���������å��� Û ������
�Þ�� Ú Øp��Þ�����æ0����� Y%P%9E]�=V5©s�r0ç
qEm
YfBG
4@J�C�O�>�]�2{Y�uwP�>�46A � h�h�h
tÖ q0×±è�t"T"t�^bH<KcJ�46=�t"é æ<Þ�� �
Þ��������nÞ ã ���©���6� Ù ���%Øp�0Þ�
�	N��� Û ������
Ü �0Ñ?��Ø���Þ��������zêc�V��Ø����?æ<Þ��6ë Ú ����
��?�½æ0���a� Û �V�Á�0Ò���
wìe�½��Ø�Þ����_Þ��í ����� t Ó 2�^�;�2�=V5F465VY É J�46d�=?>�5F4Á;�Q:HE['ÏI=V5p;�=�>�J�îbJa;�9E>�46H�YW%9�UVO�AÁ;�QzH�['oiJ�[½H�>�7:9E;�46H�J�9�J�G,Ìn=0G
4«9:Ta;�O%G
4@=?5VY�è�O�AÁQ � h�h�h
tÖ l<×±è�t%Zgt�Íw5FO(Y%\wt"\wt�Z(46O{Y%9EJ%G,u±t�Zgt Ó t%\L2�=VJ{t%f'ËXUV46=VJa;>�=VP"=09E;�46J�]�P%9<;F;�=?>�Jnx%J�G�46J�]846Jn7�O�5F46UeG�9<;�9�C%9E5F=V5Vt%oiJ
��Ø��0
����FÒ��������D�FÑ ÙDÚ#ÛÝÜ �����?Ø���Þ���������Þ�� Ú ���VÑV�?ØF�?��
������Ü �0Ñ?��Ø���Þ��������RÞ���Ò�ïD����ðc�6�FÒ0�a� Û Þ��%Þ0�a�?���?�%� ß Ú(Ü ï Ûzà Y� h�h�r
tÖ º ×8\wt�oiA@46H�P"H�O�A6H�5VY�1bt%Z{=VU?>�H�»%Y"Zgt"ÌnH�O�U�2%9<>�G{Y�9�J%G:ñ�t
è�tÓ 46J�Õ?H�J(t%\LH�7XP�O�;�46J�]�9�P�P�>�H0y
4@7:9<;�=b>�=VP"=?;�4Á;�46H�J�5w46J7�O�5F46U09EA(5F=V»�O�=VJ�U?=V5Vt�oiJ �3Øp�0
����FÒ��������8�pÑw�3ØpÞV�����ã ��Ø����a�����Á����� Ú � ��ò�ón��ØFôE�p	
���R� ã(Ú ó�õ ö�ö Y"jEk�k�k
tÖ r<×±÷�t%Z{=V7X5p;F><øH�7â9EJ%Gzè�t"1*9<>�2�46H�t%T
=V9E>�U�2�46J�]�7XH�J�H�P�2�H�J�46UP%9E;F;�=�>�J�53Kc4Á;�2�46J,P"H�A6Q
P�2�H�J�46Ue5FH�O�>�U?=V5Vt%oiJ �3Øp�0
�����Ò����a���D�FÑ�«	��_ê Ü�ÙDùúÚ ���0Ñ?�?ØF�?�%
�� Y"d�H�A6O�7X=_j�Y�P%9�]�=V5 � j�l � ç � j º r
Y\LH�A6A6=V]�=DH�[gW
>�9�J�U?=�Y Ó 9<>�465VY"uwP
>�46A*jEk�k�k�tÖ h<×DuDt�1bt"Z{4@J�G�5�9VQat É 5F46J�]�UVH�Ja;�H�O
>w9�5©9�7X4@G
`ÀA6=Vd�=VA>�=VP�>�=V5F=?J�;�9<;�46H�J,HE[g7X=VA6H�G
Qat�Ì,9�5p;�=�>0û 5©;�2�=V5F465VY%Ìnop1¿Ìn=0G
4«9Z#9�C{Y � h�h�l
tÖ � k<×8Ì¼t"Ìn=VA6O�UVUV4*9EJ%G S t%îw>�4@H
t"ÌnO�5F46U09�A(4@J
[�HE>�7:9E;�46H�J,>�=?;F>�46=Vd�9�AO�5F46J�]�7X=?A@H�G
46Ue5FO�>F[�9EUV=�t�o�J �3Øp�0
����FÒ��������±�FÑ ÙDÚ#Û²ü �6������Þ��ý ��ò?Ø�Þ�Ø����?� Y%ÆL=?>�M�=?A@=�QaY"\3u±Y � h�h�h�tÖ ��� ×DuDt É 4Á;�G�=?J
C"H�]�=?>�Gn9�J%Gzè�t%þ�H�C"=VA�t�Ì,9�J�46P�O�A@9<;�4@H�J�H�['78O�5F46U[�H�>©7X=VA6H�G�Q~7:9<;�U�2�46J�]�t
oiJ �3Øp�0
�����Ò����a���D�FÑ ÙDÚ#ÛÜ �%���?Ø��%Þ��������%Þ�� Û ���Á���½�X�FÒ���Þ Ú ���VÑV�?ØF�?��
�� ß ÙDÚ#ÛnÛ,Ûzà tuw\�Ì¼Y�u©\�Ì Ó >�=V5F5VY � h�h�r
t


