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A Method for Manipulating Pitch and Duration
of Musical Instrument Sounds
Dealing with Pitch-dependency of Timbre

TAKEHIRO ABE† , KATSUTOSHI ITOYAMA† , KAZUYOSHI YOSHII‡ ,
KAZUNORI KOMATANI† , TETSUYA OGATA† and HIROSHI G. OKUNO†
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‡ National Institute of Advanced Industrial Science and Technology (AIST)

This paper presents a manipulation method that can generate musical instrument sounds with arbitrary pitches
and durations from a given musical instrument sound without distorting timbral characteristics. Based on the psy-
choacoustical knowledge on auditory effects of timbre, we define timbral features on the spectrogram of a musical
instrument sound as (i) relative amplitudes of harmonic components, (ii) distribution of inharmonic components,
and (iii) temporal envelopes of harmonic components. We use Itoyama’s integrated model to analyze timbral fea-
tures. For pitch manipulation, we take into account the pitch-dependency of timbre by using a cubic polynomial
that approximates the distribution of features (i) and (ii) over pitches and predicting the values of each feature. To
manipulate duration, we preserve feature (iii) in the attack and decay durations of a seed by expanding or shrink-
ing only the steady duration. Experimental results showed the effectiveness of our method; the MFCC distance
between synthesized sounds and real sounds of 32 instruments was reduced by 32.31 %.
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´ � ¯Pµ!  �ä¹#�ú¥� ¦§��£'�ú¥S� ½ v { � ��� ­ � r�� ¯ t"�.�ä¹#�ú¥�¨t.©�ª ° ��£'�ä¥L�¨t�«Xv
�7Ü7Ý7Þ | ����©5v � v�
�XtXu��
3. ¬T­�®w¯.° ±ð�²ox | y 2

²oxVýPþoà�M=òLv%qFrTS ¶%³�´ä  " tsHµ�¶"�5u��
3.1 ·�¸=ÿ�¹
º�»�=�Nx�;'< � ¶ uav | y 2.1 ü x ´ «DàDó ª ¦=§7� ?®�� u
¼�$X¢ä�a£w��v wH , wI , Fn(f, r), En(r), vn,

µ(r), σ, MI(f, r)
��½�¤��Suo����x Õ uV�7�âvâàâïwyåqæäp | ó ª ¦=§7� � seed

v?�7�ä� �³�â�=�'���Nv
Kullback-Leibler Divergence (KLD)

�
¾F¿ ­ � u ¯oµ  ¢S�7£'��v?��À�Á.Â�ÃP�5u�M7òä��D�E «�s7tXu��X�v#À�ÁHÄ.Å | Expectation-Maximization (EM) Æ ��Ço¤È �q�É=�ÊPx � y
Ë�
TS   ¢S�7£'��v?�0½�¤X�5uâ�X�l7x � u��
3.2 ÿ�������7Ü����ä��Ì µ!  | y · �?¸ �L¹�ºo�w�=»a�!é � �u
�aÜaÝ=Þ

µ(r)  N¡ «!s?y ³ ¸ α f �aÜØ�#Í ( �ou/ ª
: 0 ≤ α < 1,

�aÜØ�!Ü ( �ou
/ ª
: 1 < α)

� ����Xu��â�w��xVy
µ′(r) | 	�� �Xu�����ÎPv!�wÜ:���âu5�t3u?l � Ö � " �

µ′(r) = αµ(r) (4)�5nF�Dy
α
�

2
�³�?r��Dy

seed
v

1
�o��v"�FÏH]=v
�ÜLv
I�J?�5l ª � x � u�������Î�v
I�J?�Lv��?��×D�� ½ v%1 ¡�2�4 vn | y'�aÜF�F aõaöSÔ ¸ -�p_�F� ­rou��7�?�ÑÐX��v��?��×D�â� ½ v
1 ¡�254 ��Ò�Ó�Ô�Õ

∑

n vn = 1 ¯ Ö Ì?Í �â�Puâ�â��x'~ p r5u��äß'à�y }~7�7�7� vw�a�V���w� wI | y ~7�7�7� vw�a�V���w�
wH

���7Üaõ7ö��� LÔ ¸ -Øp7��� ­ rou ~7�7�7�  �¡�5u }a~7�7�7� vw�a�V���w�7v'x wH/wI

x'ÖäuX�X�x5~ p�rou��
3.3 ÿ�������������ä��Ì µ!  | y��ä¹#�ú¥S��¦§��£'�ú¥S� ½ v

3
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a: × 1 Ø_Ù7Ú�ÛÝÜ7Þàßâá
220 440 880
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b: × 4 Ø_Ù7Ú�ÛÝÜ7Þàßâá
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c: × 10 Ø_Ù7Ú�ÛãÜ_Þàßâá
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× 106

d: ä�ÀHåçæèä�À0Û*Â_éëê�ì�Æ¨í¾
4 îðï�Ãòñ�ó�îôÛãÚ_õÉö_÷7ø_ù0ú�ÁàûýüHåÿþ������������
	ãÚ_õ��àå�
����������òÚ��0Ûø7ù��Hå�	����������ãÚ7õÉö_÷_ø_ù�ú�Á�� ��!ãû

Steady

Time

A ttac k

)(rEn

Amplitude

onr offr

D ec ay Steady

Time

A ttac k

Amplitude

onr offr

D ec ay

¾
5 É Ê�Â	Ã#Ä	Å*Æ È�Û�"�#

Frequency)( rµ )( rµ

nv 'Amplitude

Frequency)(' rµ

Amplitude

)(' rµ

nv

¾
6 ¿�À�Á	Â�Ã#Ä³Å*Æ È7Û�"�#

¼a½ �L¹�ºo�w�=» En(r)
���7Ü7ÝaÞ

µ(r)
�0���X�5u��ðañ  '®�� u'�ä¹#�ú¥S�
� | y'I�J?�Lv ¼a½ �oÙav$&%('�) �   & �)( ¶XË s�-Øp y*$&%Xv����&''��¤  ¶ u,+ ½ x Õ u�����£'�S¥L�
� | y ¼a½ �oÙav-$&%(') � ¶ & �7­ �/. Ë s ® Ö y�$&%Xv����&''��¤�v�021'5~ p�r ¶ ( ¶ u,+ ½ x Õ u��Hq�rsS   | y��ä¹#�ú¥�

ron

�à��£��o¥P�
roff

�#t�u?v
2
Ô.ÕL�³á5àN�

r
v3 ½ v ¢24 � �24 �³�5u��

∣

∣

∣

∣

dEn(r)

dr

∣

∣

∣

∣

≤ ε, En(r) ≥ Th (5)�7�
x
Th | I�J?�Lv ¼a½ �oÙav-$&%Xv-) � ¶ & �7­� ´ �25H�Px Õ u��-.(627�v
I�J | �!r=x ¯ t8''y�9:'I�J �<; :'I�J ��t Ë à�¾8=�I�J�vH�S¹#�ä¥��
�d�£'�ú¥S� | y?>2@?ç ¼7¼,A � ¶ Ö y.�ä¹#�ú¥S��¦ ��£�ä¥L� ½ � ��� ­ � uX�X��'7x � ¶ t"� ¯'Ë s'yH¾8=I�J?�Lv
/ ª   | y ¼a½ �L¹�ºo�w�=»wv �8B ��¾8=.IJ?�LvH��£'�ä¥L�
� { ¶ «�yH�ä¹#�ä¥L�¨t�«Xv ¼a½ �¹�ºo�w�=»a� ��� v ¡ � �³�5u��

3.4 ·�¸=ÿ�¹�C8D~X� ¦P§=� - p ~P�&E?F sH(t)
�"y }5~P� ¦P§a�

sI(t)
-:p }X~=�GE(F � ª � «	y�t�uXv ¯oµ
  zIH ª� � uX�X�	x'{ � S ¶ I�J?� s(t)

� ª � �5u��
s(t) = sH(t) + sI(t) (6)

3.4.1 J<KMLGN�¹�C8D
~7�2E8F sH(t)

� ª � �5u   | y Ì : � z(O ¦7§'��
�XtXu��
sH(t) =

∑

n

An(t) exp[jφn(t)] (7)

φn(t) = φn(0) +

∫ t

0

ωn(τ)dτ (8)

�?��x"y
An(t)

y
φn(t)

�
ωn(t) | ��rPøNr n PÑO v Ì: � v-$&%wy<+ ¼�Q 1 ��+ ¼D· �?¸ x Õ u���+ ¼D· �¸ä| �aÜaÝ=Þ µ(r)

vw�5»=�<RS¹�S ½= o¯wË s�~ p�ru��T$&% | y5V8ULv ¯Pµ!  ~7� ¦ }a~7� ó ª ¦7§'�5v¢S�7£'��v%-WVYX[ZVx � u��
An(t) =

wH Ên(t)v′n√
2πσ

∫

∞

−∞

w(τ)dτ (9)

�7�
x
w(t) | seed

v'�w���:� �a�7�D�5�*\ � �5u^]
 �_ � ­*` à �7ì2a&b Õdc �5ßwà�e En(r) f �P»a�TR¹�S ½a 5¯'Ë�g ~hV ` c e�iq¹V»��(j Q b �7¬ ­*` à¼a½ �L¹�ºo�w�=» b Õdc �

3.4.2 kdJ<KMLGN�¹�C8D
}=~a�(E2F sI(t)

� ª � � c   | eF�P��lL�X�5¥N»
, � òä�
�?m c �5� f � � e }a~7�7�7� f �a�V���w�� ��� «
à }a~7� ¦7§'�L�D�'����� �a�?�D�ä� { ¶ «g EMF   �<nX� c � Q 1 | seed f � f �'� f ß?ß����� c �

4. oqp °srð�Maò f�t Ë�!ä�*u8vX� c à?ï   Ì Ë à,u8v ³2wL " m g ^�`P� c �
4.1 xzy|{~}ª � «
à
I�J?� f8�,� �*u8vX� c à?ï^e ª � � � ³I�J?� � f,�M� ��t3u  
´ �5£
� · �?¸&� »N� � �D�� ¸ (MFCC) �M�G��4 �
�?m g � Zo«
àD�

DM =
∑

d,r

(Msyn − Mreal)
2/R (10)

�=� b e Mi � MFCC
�!� «�e<�I���

syn
�

real � ª� � � ³ I�J?�  �¡7ù � c � R � I�J?� fw¼a½ � b Õc �S� f,�M� '5| ­ md>���e ª � ��' ³ I�J?�   WIm�â��� ´ �N� MFCC �<�d��4 �*�2� ] f���4 �w« g «�L«
�'�?m�V ` c � ·2� ¸2� � ¡ ¸ � � �D� b ��� ­` c à?ï^e�� � �7�  �� ß ` c �7�?��×D�â� f-�����b ¶ ( eX� ` V ¯ Ö � Ë �É| ­ ¶ �a�V���w�L«0- ¶ m�2� �8� � f*� � � ï g uMv b � c � MFCC f V(� �
12
Vd�:�?«
àD�u(v ³Gwä  ��mXà ³ I�Ja�   � e RWC

aFb��7�FI§a�Fv�ºâ�D� f I�J'�â§a�Fv	ºâ�N� RWC-MDB-I-2001 /�^� ­�` g m c IHJD���à���S«³à 14)
��� f §w�.v³ºa��  /� ß ` c I�J"� � e�j,���V�����"� Ð7�  *�^� f i¹'»ú¤V¹'� ·d� ¸ : 44.1 kHz

e
16 � ¥S��÷d F�Ge=¦�ã�N��p ­-` g m c �ú� f §X��v�º5�w��-¡V 32 ¢ � fI�J ÐX�   3

��rä�/£2¤ «�e3£d¥�¦G§ b�¨(© f c ò b
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Ë&Ì�Í8Î[ÏÑÐÓÒÕÔ
Ö
×�Ø�Ù Ï
ÚÜÛÞÝÕÏßÎ[ÏÑÐÓÒÕÔ
Ö

¾
7 à�á�â5å Ä�Æ�ãeï�ä	Ãåá�â/
�æ�ç ! MFCC è
éàûê

1 àÉþ�ë���ì�í ��î�ï�Ú�Û�ðòñî�ï�ó ô�õ ö (PF), ÷,ø�ù'îÕúëóÕù ô�õ ö (EP),
( î�ï�û
ü ) ý�þ�ÿ�����þ�� (HC), ���_ï�	�
�� (VI),
 ú���� (MB), �7ê���� (OR),õ���þ�������� (AC), ý�þ������ (HM),ù_ï���óÕù�ì���þ (HC), ��ù�ø�ø (UK),õ���þ�ã� !� óÕù7ì���þ (AG),
 �"�Õú�� (MD), ÷�ø$#_ì���þ (EG),÷,ø$#�%�þ�ã (EB), ��ä��^ú�� (VN),�&�Éï (VL), '�(*) (VC), ���eî ï&�
ã (CB),ý�þ�ÿ (HP), î ï��òñ�ó�î (TR),î&)+�*, þ�� (TB), '!-�þ.� (TU),/ ÿ�ïYö�0�óòù ã (SS), õòê.î10�óòù ã (AS), �2�þ*0
ó�ù ã (TS), �Túàî��30
ó�ù ã (BS),��þ�,�÷ (OB), 	!465dó�î (FG),ù_ï�ú é�ó0î (CL), ôàó���) (PC),	Ýê�þHî (FL), ú*��þ+7�þ (RC)î�ï�8�9�: 3 8�9;=< 	�
$>� +?�@ .A â B�CD? A â�?�@��þ+��: PF: 264, EP: 206, HC: 178, VI: 104, MB: 145,

OR: 178, AC: 141, HM: 101, HC: 111, UK: 71,
AG: 111, MD: 123, EG: 111, EB: 88, VN: 138,
VL: 126, VC: 134, CB: 111, HP: 241, TR: 103,
TB: 96, TU: 90, SS: 99, AS: 99, TS: 98,
BS: 98, OB: 96, FG: 120, CL: 120, PC: 98,
FL: 111, RC: 75

EGFIH"JLKNM fPO=Q(wSR�TVU K�WYX Q[ZSR\TVU K^][_`baPc=d Ofe 1 R"gVh Xij][_ba^k[lImVn R 10-fold cross validation O�oNUqprjst`un Q ]G_t`un�a^vxwba^yxz OD{}| K~Xj�~� pV�� kjl}a"�j]G_t`L���P� O"p 90% OD�j��Tjp 10% O��� T nt�D�L�P�q�^� R��t� �"K~X�� R~p^�j��T ���P�O"TPU �~`j�G�j�j�j�b��� OD�j� �"K^X �j��T ���P�a"ix]j_x` O seed
nx��� p=� � T �G���\a"ix]t_x`�n�S� `j� OD V¡ ]G_t` O rjs h � XD¢G£ R~p rjst`unQL¤ a"]G_t`un�a^vxw O�¥x¦ �"K~Xn�§�¨�© p r�sPª=« O v~w R�¬q­VRD®[¯\h � R�°"p!Q]�_j`Sat±[²G³S�=´}µt�P¶

En(r) · `G�G¸[¹ µ(r) R
W ����º
þ\»½¼�¾��+¿���þ�»ÁÀ=Â.Ã6Ä~ÅÁÆ�Ç=È�À A�É ÃËÊ�Ì�Í^ÎÏ=Ð ¼ RWC Ñ�Ò�ì�Ó�î���þ��.%�þ�¾�?���Ô��Tú6�3Ó�Õ�Ö í�×Ø ¼�����º
þ�» A�É�Ù B�C A�É�Ú ��Û.Ü+Ý <�Þ ×Yí�ß�Î�à6¼âáã���º
þ�»1ä�å Ú ��Û�Ü+Ý <�Þ ×�í�ßËÓ"Ã�ì�í�ß

æ[ç � EqFLa^èêé"ë^aDìxí O�îVï �Dð ç J�ñ�ðSé!ð U Xò a[K |qp�ó[Q�ZôR æ U �xr[sG` O�õ s h � ¤VR�°�p
En(r)

æ}ö�÷
µ(r) °"� � T �[�[�\aVM^a O=T[U\p ò aø}a^ùS�júq�P� OD�j��T �����^ûfé�üGý h � §Pn R �K~X h ð�þNÿ p���� © ° `j����� R �}�D��a��\vqw
	� O"TPU � � � ©
� � §Pn ODgVh X ójQjZ © °~p `j��x�x�q�N��� O=TGU ð U�� r O ´[���P���L����� n�� p`j�G�j��� O���� �"K���������n�� ���"K~X

4.2 !�"�#�$&%('�)*
7 R"ó ����n�´V� �L�+�}����� R ö�, �\rjs �"K]G_t`ba Q ]G_t` R.-Ph � vxw ODgVh X�§=J é=a./ °]P_[k�l mLn R�0 é!JNK�vjw O yjz ��� g �=� � � X

32 1 2 a�]j_Na43�ÿ p�5 �76�8^� O~ïtU �[a=�V�[a�]_ R æ U � MFCC
v�w
9�: ;I�!� U � X^�q]t_[©~y�z

h � n p�ó ��� ODT[U K�§[n R ö � MFCC
v�wLa<:�;

=
( >�? = ) ° 32.31 %

n=ðA@ p `�B}a"`j�G�j��� O��
� �"K ó ���}a.C�D��E9 g H�J[� U � Xv^wPa >F? =�9=�Gû , KHGfn\��� pFI+JLK+M�N (MFCCvjw

: 75.17 %) R æVç � `G���O�ba�P�Q�R R�-OSVh �vxw O * 8 a) R"gVh X�� �L�+�}�����V© °~p `j�����a.P�Q�RT9�UWV � R�¡ J[� p vxwT9�U�X h � a OFY�Z©
� � X [�\ p~ó ���V© ° `j�����}a.P�Q�R R.- �D�a^vxwba�U�XT9��fé+JPð U X�]
^ R�_a` � vxwba >�?a�bc��û , K"]G_ R æ U �bM p `j�����}a.P�Q�R R ûûxþ é�� p vxwba�U�XT9�dWVfé+J � §Pn OFY�Z �"K~X[�\ pEe
f �q�Tg�hô� pO5 8~�ji pO5 �k6�8~� O G
R�lnm � ö 3 R~pxUpo�¡ û�a"]G_V© ° vxwba >�? 9}Hqnr H�JPðxû , K~XN§=J é=a"]G_}a >�?bR�¡[U ��]
^© ��sVh � X
( 1 ) t�u
v�t�w x�y�zW{�|c} ~.���
v��+�
e�f �~��gFh}� (MFCC

v�w
: 22.08 %) R æGç � `x����Na�P�Q�R R�-�S�h � vqw O � 8 b) R�gPh X~� O ^ m� ���V© °~p^ó ��� R ö @�vxwT9 >�? H�J[� U � X.[\ p `j� O��
m � ���V© °~p�ó ��� R ö � >�? 9��féJPð U Xx´V� �L�+�}����� R æ U �bM�`t� O\��m � ��V© ° vxwba�U�XT9[ð U n�§�¨\ûfé p�e
f �q�ag.hô�a ö 3Dð�]G_V© ° � U `j�L© °^p `�B}a"`j�G�j��� OH qnr   Ktð U K | n � Vfé+J � X

( 2 ) t�u
v�t�w x�y�z4v�w����O�av����
5 8\�Hi (MFCC

vtw
: 13.99 %) R æVç � `G���O�ba

5
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8 ��� É�Ú %�þ6¾!º�Ô��(� É Õ�Ö+Ý�ß���Ó����.� Ú ?�����Í���� Ú�� � Ø�� ÞL�6Þ ��� É� ?���� Ú %�þ�¾!º�Ô���� É � ?����"Ã¡ �Ì�ÍP�Q�R R.-�SPh � vxw O�� 8 c) R"gVh X���� R æ U �`j�����}a.P�Q�R R.- �D��a�vxwE9�¢�£ R P�QI�D� æ@ p�5 8~�jiNa"`�B}a"`j�G�j��� OD�j� ©
��� U ð U§�nj9qþGû � X 5 8^�LiLa=` °<¤ ]j_q`}aF¥�¦ O¨§ � pHPé RF© `�ª�«
9T¬ e�­ a ö 3 R iq`x��©�®+¯P© � � X
ó�° © °^p `�BNa��t��R O 3

�}�=�V©�±�² h � §�n�© p`j�G�j�j�j�b��� O¨³7´ �"K 9 p�5 8~�jiNa ö 3 R `�ImPn R ¢�£ R `�BE9�P�þ � ]G_V© °~p 3
�b���L©�±

² h � a °�µ�¶G� © � � n � Vfé+J � X
( 3 ) ·O¸ ¹�º�»n¼�½�¾�¿�ÀE~.t�w x�y�zE�av����
5 8^�Li (MFCC

vqw
: -6.64 %) R æ�ç � `x�����Na�PQ�R R�-�SVh � vtw O�� 8 d) R�gLh XLa MFCC

vtw
a >�Áb°~p rjst`ba�Â�Ã�Äjs � a ��Å 9 Q ]t_t`baVMaSn�Æ}ð � §PnH9�Ç4Èbn � Vfé+J � X ó ���V© °~p `�G�j��RS��� R ö , ��Â�Ã�Äjs � ax³�É�ÊWËx�xa"`t��j��� O¨Ì , � °xU � 9 p���ÅpÍ l}a"`j�G�j���}a �
� �q© R[°�Î , � U ð U XqøSa�Ï
Ð�]P_ R æ U � M p
MFCC

vqw}a >�?N° H q4r �ôé�J�ðqû , K^X+ÏaÐ^]j_
°.© `N± R ��Ñ�Ät��Ò�Ó R.ÔÕo a<Â�Ã�Äjs �ôOH§TÖ §nH9�× é+J[� æ @

11) p Â�Ã�Äjs � a"`j�G�j���La"ìtí9\ø}a"]G_ ö @Øbc� U X
5. ÙÛÚ ÜÞÝ
ó�° © °�px� � `q�àß `�á O M ¡ ]t_�` p §!J OLÌ ,K"]G_t`ba"`j�âß `�á�������� O¨ã�ä �"K~XV§j§"©\ýå �\K~`EBôa��P�OR ° (i) æ `ç¬x�Tèj²Va�é -Wê � p
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