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Abstract For the voice conversion of different ages, a method using Universal Background Model Groups (UBMG) of

short-time spectra and prosodic features is proposed. In spectrum aspect, Gaussian Mixture Model (GMM) is trained

for every speaker after extracting linear predictive cepstrum coefficients, then the speakers in the same age period are

clustered based on their voice similarity, and each cluster is further trained to be a UBM of spectrum distribution.

Finally, an UBM group and corresponding spectrum conversion functions are obtained in each age period. Formants

adjustment is further used after spectrum conversion. Furthermore, fundamental frequency and speech rate are modeled

by single Gaussian and average duration rate respectively to derive their conversion functions in the aspect of prosodic

features. The results of objective and subjective evaluation experiments such as ABX and MOS show that the proposed

method has a distinct advantage compared with conventional bilinear method and its change rate of log-likelihood ratio

increases by 4% compared with single UBM method. The results show the proposed method can make the converted

speech more close to the speech of target age period with good speech quality while the performance has been improved

evidently compared with conventional methods.
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ÒÐÞÐß��ÐÓÐÔ�2�3�4�5���6ÐÝ�7�891ÐÕ�:�;�<�5 ã
�äÝäß'=��?>'@äÑäÒäÞäßäàäáäÝ'A�B å �C'D'E�F'G
ÞäßäÑäÒäÝäÚäÛäÜ å ÷äùäú'H ! � ò�I'�Ë�äÏ'�ËþäÿîÐï Ý�J�; � ÞÐß�<�K�5�L�M�F�G [1−2] � é �ÐÏÐÑ
ÒÐÝËþËÿ�N�O�2�3 å Schötz 7�8�<�P å�Q�R�S þËÿT'U å ÷äùäú ÑäÒäÝä�äÏ îäï'V�	'W ���'�'� îäï �X ���ËÑ�Y å[Z ö ��� îËï�\ ×�! 	 [3] � Stölten �
Engstrand Ý'7'8ËÚ.] å_^ ) Q X �'�äÑ�YäÝ ñ�` *a�b �ËÏËþËÿ [4] � Minematsu ��ËÝ�7�8�cË× å�de Ñ'Y � X � � # 6 �'f �'�'gäÉ ^ )'J�hä�äÏËÑäÒ
ÝÐÚÐÛÐÜ [5] ��2�i�j����kÐ�ÐÏÐÑÐÒÐÝ�N�OÐÚl] å
k��ËßË���* ÷ å >�@Ë�ËÏËÝ d�mËå X � � Ñ�Y �onp�q � R�r $ � R�S þÐÿ�s�A�tl]vuÐÝ ñ�` [6] � é
�äÏäÑäÒäÓäÔ'�äÞäß'2'3 å Traunmüller 	'w'x'y X
� � � m ��gËÉ�*ËÞËßË�ËÏËÑËÒ [7]; Schötz ��zËÙ�{
!�|ÐÉÐÝ�} H�~�$�� <�KÐÑÐÒÐþÐÿ�gÐÉ�:�� n p�q
*ÐÞÐß � þ���ÐÝÐ�ÐÏÐÑÐÒ [8] � ��f 2 � V�	����
5�����gÐÉ�� R���m U � ÷ÖùÖú �ÖÏÖÝ�F�| å����
k ð�� �ÐÏÐÑÐÒ��������ÖÝ���� H N�O ��� � å��
=�: ð���� � 2005 � å Pitz ��AËÛ ð�� ÷ËùËú é Ñ
Ò'�'�'L'�'�äÛ ã'��� } H ñ Ô b�� F�| [9] ,

â'�äå
Erro ����� S ú�X � � } H ñ Ô����Ð�ËÏÐÑËÒÐÝËÓ
Ô�7�8 [10−11], ��� ��� � ������� ð�� ÷ËùËú )��ð'� �äÏäýäÝäÓäÔ'�'  å¢¡'£'¤'¥äé'�äã �äÏäý ð'�÷äùäú ÑäÒäþäÿ'¦ U �äÝ'§'¨ å¢© < �äã 2 �'ª )'<
K ��� Ý � =��¬�ÐÏÐÑÐÒÐÓÐÔÐÝ V�	�« ª é �ÐÊ (1)

Ñ'¬'äÝ'®'¯ \ × « ª å � ª é'�äã'°'± ô'²'³ �äã
 ð�� �äÏäýäÝäÑäÒ'´ (2)

�'©äæ'�äã �äÏäýäÝ ÷äùú å?Z ÑäÒ'�'�'�'�'�'� R'S þäÿËÝ'�'� H �����?µ¶ * ÷ å �·M � þ���Ð�ÖÏÐÑÖÒÐÝÖÓÖÔÖÞÐß�2 � é¸�¹�H � ����ºl» H �½¼o¾ U 2�3ÐÝ H #�¿ Ù�À�J
h å�Á�Á�Â�Ã ���ÐþÐÿ�Ä ú ������� �Öð�# Ù ��Å
Û�h H # ÝÐ�ÐÏÐÑÐÒÐÓÖÔ å�Æ ú Ý�ÇÖÞ � ���ÖÙ �È ��É�	�ÊËã�Ë�Ì�Í 7�8��

>�@Ö�ÖÏÖÝ õÖñÖå ÷ÖùÖú ÑÖÒÖÝÖþÖÿ�gÖÉ�s�>âÐõÐñ�Î�Ï�� �ÐÏÐý ÷ÐùÐú ÑÐÒÐÝÐþÐÿ�gÐÉÖØÐÙ ã
�ËÝ Ï�Ð H [12] �0��Ñ å íËì J�P ã���� þ���ËÝË�
ÏËÑËÒËÓËÔ�2 � ÊÓÒ�k�Ô�Õ �ÓÖ�×�� ö × ��Ø × � 4

� × Ïäý å?Â'Ùäð'� H ! å?Q �'�'���äþËÿ'�'���äþ
ÿ Æ ��2�3�N�! Ê�Ú N�O å ®�¯ × ÏÖÑÐÒÖÝÐÓÖÔ��
�����������ËþËÿ��Û} H�Ü�Ý ����|ËÉ LPCC (Lin-

ear Prediction Cepstrum Coefficient) Ú'Þ��ß�'�äþäÿ

gäÉ'à'á X �'�äÑ'Y å?Z ö Ñ'Y.�0â�ã'� m Ú'Þ�� Åä �'å #'æ =äÚ.] åçíäì J'PäÝ'2 � æ Ù � Ý å ÓäÔ
ÞÐßÐÝ × ÏÐÑÐÒ ð�Á Ù����ÖÝ ����ºl» H å���Î Ù\ hËÝËÑËÒ�ç�6��
1 èêéêëêìêíïîïðòñïóïô
í ì J�P Ý × Ï Ñ Ò Ó Ôõ|�ö�÷�ø�ù�ø 1 �

Þ���|�ö © � STRAIGHT N�OÖÞÖß�1ÖØ Ê�Ú ���
��� X �ËÝ�J�;�)��ËÓËÔ�úËýËÝËÑËÒËÞËß È � �é�û�ü úÖý å�ý �Öü × ÏÖýÖÝ�þ ÷ÖùÖú ÑÖÒ�ÿí 	�w STRAIGHT J�; LPCC ����� X ��gÐÉ å
¾ ��Â�Ù�� � ÷ËùËú Ý LPCC ����gËÉ�N�! û�ü h��� Þ���� GMM (Gaussian Mixture Model), :'k'þ
� GMM ��� Ê'Ú ¼ � "����äå Êäã'Ë��'Ù���� æ =û�ü <�K ã �	�	
Ðü × ÏÐýÐÑÐÒ������ÐþÐÿ�N��ÐÝ
UBM (Universal Background Model) � å[� � å æ Þ��� æ ='� � � × ÏäýäÑäÒ'ÿ í'û'ü <'K �� UBM

�'k " Ý ã�� �'�'�äÓäÔ��äÉ���� ã 2'3 å k'þ × Ï
ýäÑäÒäÝ X � � � m � n p'q Ê'Ú ö��'N'O å����'Ï" ÝËÓËÔ����������� ú������ ×� � Ý�!�"�#�$�%�&�'
STRAIGHT (�)�* LPCC +�,�-���.�/�0���1�2
LPCC +�,�-�����3 ��4 UBM 5�6�7�8��91�2�:�;
6	7	<	=	>	?	@	A	5	B	C	, �	� �	�	D	E	B	C	, �� ��7�F�1�2�G�H�I ��� ����D�E�G�H�I�J�K��ML�DN	O � 2	/	0	.	P	Q	C	R �	� �	�	S	T	U	V	-	�	�
:�WYX STRAIGHT Z�[�L�\�]_^a`�b  "�# �c

1 d	e	5	f	g	h	i	b  "	# �	�	j	k	l	m	no 5�p�A�q�r�� UBM s�t�u %�v F�w�5�G�H�I�J�Kx	y	z @	{	b  �	|�{	}	~���� # 5	�����	�����
}�~���� j�k���� D�E���������� j�k 5�������.��� ���Y�������
2 �����������

|�{	b  �	}	~	�	5 "	#	�	� g	�	 	|�{�5	�¡	¢	£	¤ 8	¥	(	¦	§	¨� ©X �	ª R�8	«�h���¬	�b 5�®�R��¯[�R�°���i�5 ��ª R�8�±�²���R [13] � ¡�	�	¤ 8	(	¦	� �	ª R	8�5	��³�§	¨�´	µ � "	# 5
0�,�¶�· %�v G�H�I�¥�5�¸�¹���º�»���b  "�# ���
5 N 4 ��¨�¼�½�¾� �B�C�0�,�5 ��� �
2.1 UBM ¿�À�Á�Â�Ã�Ä�Å�Æ�ÇÈ }	~	� "	# �	� |�{���b  "�# �	� ¨	É�Ê
f	g	h	i	g	�	��B	C	, �	� t	u�Ë	Ì�Í�{ N b  �
5�}�~�� l�m�Î p���� UBM t�u $�%�Ï (�Ð�Ñ È }
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1 ������������	�
��������� �

~	� ��� 5	B	C	,	P	Q���� k�� g������	����2	 � 4 b  �	d m }	~	��5 "�# �	2���� X���{ N b ��}�~�������� # 5����������� �! UBM t�u�"
�	5�#�$	8	�	;	��Ð	Ñ�%�b  ��5	B�C�,�����g	�' ��P'&�� ¡'(')'* ��� "�# 5'+',��- Í�¥�Ñ�.�/���0�1�2 Ï N�354 p�A�6�7�8�9
(�����:�b  � "�# B�C�,�5 UBM s�t�u�� L X¯»;�< b  "�# 5�B�C�, ��� �����>=�?��M)�*�����@A %�b  �'B 4 }�~�� "�# 5 LPCC +�, j ��L��
��: 4 5 GMM t	u	��7	F	1	2	t	u���C�#	8�,	<
=	��D�%	b  � A l	m @�6 "	# g	��5�}	~���6�EN 7	��D N	O % 7�E�F�G	�	��B N 7	5 UBM, :	WH [ N 4 UBM s�� B�C�, ��� ����/�� UBM s A
B N 4 UBM t	u	Í	A	5	�	b  � "	# . ^ `�b  
� "�# D�E�I�Z���� ;�< !�J���B N 4 UBM Í�A N4���� ������b  "�# ��� C��K=�? � 3'L !�"�# Í

A�b  ��5 UBM s A B N 4 UBM 5�6�7�8�� L�1
2	:	;	6	7	<	=	>	?	@	A	5	B	C	, �	� �	�	D	E	B
C�, ��� �
2.1.1 GMM t�u'�'C'#�5�8',

GMM t�u�5�-���M�N z }�~�� "�# g���5��
�	g	�	��º	»�O GMM t	u	-	�	¦	[�%	}	~	� "	#
g���-�������5�P�Q�� É�R � 4 P�Q ��S N 4 GMM

t�u A 5�Í���6�7�8�� X¯»�(�T�,�U�V�����5'C�#��W }	~	� 1 . 2 Í	A	5	t	u��	¹	  GMM1 .
GMM2, = GMM1

A
n
4YXYZ �Y, 5 QY[]\^, �

GMM2
A 5�Í���6�7�8'E'_

L(GMM1, GMM2) =

n
∑

i=1

ai1 log p(µ1i|λ2), (1)

`aA � µ1i   GMM1
Acb

i
4�X�Z ��,�5�Q�[a\c,��

λ2   GMM2
A 5�-���� p(µ1i|λ2) =�  GMM1

Acb
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i
4'X'Z �',�5�Q'[ \ , � GMM2 t�u A 5'M����

ai1   GMM1
A�b

i
4�X�Z ��,	5	�	��[	��{	
 $� 3 GMM2

A
n
4�X�Z ��,	5	Q�[ \�, � GMM1A 5�Í���6�7�8��

É	Ê�J	Í	�	�	� GMM1 . GMM2 ���	5�C�#Ï�� ��6�7�8�Q'[�5�@�´���(�Ð�Ñ'_
d1,2 = −

L(GMM1, GMM2) + L(GMM2, GMM1)

2
.

(2)

GMM ��Í���6�7�8��;�� =�C'#��B�� Q�� �4 }�~���5 "�# g����@�6��
2.1.2 6'7 È UBM s

6�7 % }	~	� GMM E	/	�	� ^ 5	 �D	{ N b ��:	}	~	�	�	2 `	"	# g	�����	5	@	6	��D	E	�
7�� � »�/���¥����'B N 4 7�¹�5 UBM

H [ UBM

s�� %�x�� F N UBM t�u � }�~���.�B�C�0�,�¶�·� ¼�½�5 ' P'&������W h���� j � k∈(0, 1), ��:�;�: y C'#'6'7�3� !�J�������7 ((1)—(5)), 7�F���� UBM s ((6)—

(8)) � l�� O������ _
(1) ¬���>�?�%�b  � b N 4 }�~���E b N 6�7A! ��L	>	? È�b N 6�7 A! l	m :	;�C�# d 5	}

~��'E b�" 6'7 A# �
(2)
� 3 B 4 } ~ � È%$ h 5 6 7 A& 5 C #

di1, di2, · · ·, dim, i = 1, 2, · · ·, N ,
` A

m . N �	¹	 
6�7 A! �	.	}	~	� 4 �	��L	>	?	� y 5�C�# di =

min(di1, di2, · · ·, dim) �
(3)
� d m 5�: y C'# A >�? N 4 :�;'[��(''%

[�) '�* [ T =k×d, =�+ ¢ ��5'6'7 A# �&,�:�;
C�#�d�Í�A�5�- 4 }�~���� L�.�w��0/�='6�7�1�2��

(4) ��3 % ¥ O�� (2) . (3), 4'J�5 m ��5'6'7A# ]�6��
(5) D�d m }�~�����2 `�È 6�7 A7 5�C�#���:8�9 <�=�D�E��'7��&:�[����'�'7��
(6) � 2a7<;�d m } ~ � " # g � - � � �

UBM t�u��
(7) 2 Ï�= (1) . = (2)

� 3�:�}�~���J�: UBM

5'C'#���L���: 8�9�> ='O'B 4 }�~���D�E��'7��
(8) ?A@ O�� (6), 4�J�:�7�[�B�|�C���³�E�D��� ¨FEFG 5   � * [ T 5 > * D � « h : W � 7

5 4 ��� � ¨�|�H�K�I j � k(
&�J (�}�� 0.56k<1),

�¯��K�L���7�1�M�� %�N�O 7 A 5�}�~�� 4 �������
����Q'T'E�P��
2.1.3 B�C�, ����Q ��

UBM s H [�F���D UBM s A 5'B 4 UBM

d	Í	A	5	�	b  � "	# LPCC -	� xi �	¹ È ^ `
b  � "�# LPCC -�� yi D�E'I�Z������ ;'< ] NR B�C�, ���	Q ��� N 4 M °�5 UBM

Ï
M
4'X

Z �',�(�Ð�Ñ'I�Z�S', zi 5'M��'�'� ��� = d�e'_
p(zi|λ) =

M
∑

m=1

αmN(zi; µm, Σm), (3)

` A I Z%S , zi = [xT
i , yT

i ]; αm  %T Z%� � [%U
∑M

m=1 αm = 1; N(zi; µm, Σm)   b m
4�X�Z ���

5�M	�	V	8 Q �	� µm . Σm �	¹	 �I	Z	S�,	5	Q
[�.�W�¼���X�Y��

µm =

[

µx
m

µy
m

]

, Σm =

[

Σxx
m Σxy

m

Σyx
m Σyy

m

]

. (4)

&�' :�;���Z (EM) 3 � $�%�[ � ]�% UBM 5
-�� λ=(αm, µm, Σm) ��=�B�C�, ����Q �'E'_
F (xi)=

M
∑

m=1

p(m|xi, λ)[µy
m+Σyx

m (Σxx
m )−1(xi−µx

m)],

(5)` A
p(m|xi, λ)  	g	�	S�, xi \ � b m

4�X�Z �
��5�F�]'M��'_

p(m|xi, λ) =
αmN(xi; µ

x
m, Σxx

m )
M
∑

k=1

αkN(xi; µ
x
k, Σxx

k )

. (6)

����� °���� � 3�L !�"�# � UBM s A B 4
UBM 5�6�7�8���6�7�8�:�;�5 UBM d�Í�A�5�, ���Q ��,'E�:�^ ����Q ���
2.1.4 UBM

X'Z �',��'��_c
2 Ð�Ñ z � |�{�5�t�u'�',�� � � Y-C, Y-M

. Y-O ` 3 ��� ¼ \�¥ ��� "�# P�Q�Í���6�7�8��
³	� ( a 4.1

y I ) 5�.�/	� $	% ¦�J	��¬		t	u��
,�� ¡ 32 ®�b'J 96, P�Q�Í���6�7�8���³���)�c�de �c� � 96

% ¥�)�c�f���� y �7g�7�º'E�t�u�h�Z

�
2 ikjklkmknkokpkqknkrksktkukvkw
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������[ Y-C . Y-M
� 4 ¼a\ m N h���������� �

¥	f	�����	P��	��} �!C�D N	O ®	b���,���Í��	q
) X 5�	�
���	|�;	��É	Ê�J���3�, È ��� ��q��
5�P'T���0'1�>�*�5�t�u'�', 4 �'E 96 �
2.2 ���������

/�� UBM s	5	6	7	8 � 3	.	B	C	0�, ��� Q
�	>	?	�	�����	« z �	� 0	,�5 ' P�&%6��������
7 m $ q <�� G	H	I	� N�� �	¨	5	0	,��	I�t������ �! 5�"�# [14] � º�» m Ë�¨ &�' Í ��� 0�,�5�G
H	I	D	E	J	K	(�$�� � �	Ð	Ñ �	� b  "	# 5	0	,
¶�·��

G�H�I�´�µ z }�~���5 ��ª g�����G�H�I�0 �
 X � ��ª R�8��B�� (�%�� 4 G�H�I�&�Ð�Ñ z�'�#
:	�	¨	5	0	,	g	�	� ` k�� g	� � 6 z)( 4 b  �"�# � % '�# ¥�5�G�����0'1 A G�H	I'[ &�' LPC* � � !�J�+	>�[	��L &�' N��),�- ().	2�.)/�01�2 I��43�= ��� _

(1) 5�0	G	H	I	0	� y � 200 Hz d	Í	A	5	G�67�8 � N�9 (�} b N G�H�I�0���;'� 200 Hz �
(2) 5�0	G	H	I�: n ;�� 800 Hz d	Í	A	5	G�67�8 �
(3) ; � 4 G�6 7�8 d�Í�A�5�G�H�I�0������ y

� 350 Hz, U ` A N 4 G�6 7�8 5	G�H	I): n ;��
450 Hz, =�5�0'% 1�2 I�d�Í�A�5�G�6 7�8 �

G�H�I�< = E'_
Fi =

θi

2π
fs, (7)

`aA
fs  �2�
�0���� θi  �G�6 7�8 d�Í�5�@�G ¤ �

G�H�I�=�>','E'_
dF = F ′

i − Fi =
(θ′i − θi)

2π
fs =

dθfs

2π
, (8)

` A
Fi . F ′

i ��¹� �=�> % F�5�G�H�I'[�? θi . θ′i

��¹� �=�> % F�G�6 7�8 d�Í�5�@ ¤ ? dθ =� �@ ¤
=�>',���d % @ ¤ =�>','_

dθ =
2πdF

fs

. (9)

@ � � O�A�b�B�� '�# \a\ 5 N�C "�# D�E�G�H
I�J�K�� Í `�%�� 4 G�H�I'��¹ � K 100 Hz, 1�M �c

3 d�e (
c AED�F . 1�F ��¹� � �G�> % .�G�>�F

5 ��ª�H�I Q ��J���,LK F ) �
 ' k�� �	_	��Q 1 E�A	b "	# G	H	I	-�� È`�M : 4 b  ��G�H�I�-���@ �¯5�=�>�,�� `aA � C,

Y, M, O ��¹�P�Q z�N�O�P A�b P A b %�v�Q b���� X
� � N�O ����}�~���R�S��T�� � ����G�H�I�-���5

=�>�,�L�|���h��K��� � ¥�(�}���¬��b  5�®�R��
G�H�I�±�²�U�V�U�W���5�G�H�I�=�>',�;'��B����

�
3 X��ZYZ[Z\�
 \a\ pZ]Z^Z_Z`Za

b
1 X��ZcZdZe����ZfZ]Z^Z_ZgZaZh ( iZjZk Hz)

Y ( l ) ∆F1 ∆F2

Y-C 86(9) 35(45)

Y-M -12(-18) -27(-29)

Y-O -20(-30) -57(-50)

3 mon����������
U�V�g��� �Q 6 "�# 4 ��³�5���¨�º)p���{ 
q  �b  "�# ��� 5���¨�;sr�t 1�
 12 u���v�w'�

_ z :	b�x�y	5	C	R	.�/	0 k�� ���  )! t�0�1�§
¨	É	Ê�2 Ï /	0	.	P	Q	C	R � 3 U	V	-��	D	E�b�xz�{�|�}

[15] t
3.1 Â�~

|�{�b)x)y�5�}�~�� ` � {)z)�  �|�{�5)��0
1 Ï z�� 5	P	Q	C	R	� g (	Ð	Ñ ^ `	b�x�y	}	~	�
C�R È A�b�}�~���5�C�RY� [�t

Tt = g × Ts, (10)

Tt   ^ `�b�x�y�5�P�Q�C�R�� Ts  ���b�x�y�5�P�Q
C�R�t¡ Q 2

AE��� ¦�]�� N�O y�}�~���5 z�� ������ A�b�y�C z�� ±�²�� e ?�¬��b�x�.�w�®�R�� z��¡ A b	f	��&	����� Q b�5 z)� � � � N)O 5 z)�
R���t b

2 �Z�Z�Z�kw
[Z� �Z� X�� ��� ���
Y 1.2333 1 1.1154 1.3175

l 1.3248 1 1.2018 1.3893
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3.2 ���� { ��� F0 (Fundamental frequency) ´�µ�}�~
��� {	� �	
	��g���� |�{�b�x�y	��}�~�� Xc� `�¢£ g��	����³ ( l�m |�{	� � { ����g���t�d � � �
b�x z�{�|�} ��� A � � � q   N�3 �	¨���U	V|�}�� ��t

0�1 Ï F X�Z t	u�	Ð	Ñ��� ^ `	b)x�y�}	~
� z�{ � � � � ������.�/�t µs � µt  ��� ^ `
b�x�y z�{ 
�0�	P	Q � ��[�� σs � σt  �U�V�
¼���t�� � � |�} Q � ��� d�e'_

F0t =
σt

σs

(F0s − µs) + µt. (11)

4 ���������
D ]�2 Ï �	b�x z�{�� Ï���	� z�{ 8�9D ]� �� SUDA NL

z�{��
[12] t % � ¶�!�" N�O�P

A	# P A #	� Q # 4 $	#�x�y 169 %	&	'	(	� z�{ t) $&'(� z�{*+,-. 150 s, / +�103245	6 /	7 +	8 6	9	:	;	:	< ZOOM H4 =	>	?A@	B	C
��D�EGFIH�J�? : *�K�L�. 16 kHz, 16 bit M�N 8 #O	P	Q	R�S .	TAU	V

(8∼10 W ) XAY	# (20∼25 W ) X
FZ# (39 ∼ 53 W ) X�[# (62 W\] )

8 ) $# OP
F S	^ �	_ 10 %	`	a	b	c	a	&	'	( Q	6	9	d .	e	f6�g 8

. "hi + /jk Q # O69lm�noQ�pq
a	?sr	t	u	a o [9,11] b UBM # O	6	9	l	m�o [12] v+ /�j�k Q # O�6�9�l�m�n�o (UBMG+ w�x ) y�z{}| 8 ) $ no FZ=~" 3 �# O69lm� i?S	^	� Y	# l U	V (Y-C) X�Y	# l F�# (Y-M) X�Y	#l [�# (Y-O),

) ������! p `�a�b�c�a�� 8 \�] �
i������b����� {��� y�z��� 8 � i
F ef ;69 b�� ;�69���p��� ? ef ; b�
� ;	6	9 / +	�	�	8��	�	������� 24 � LPCC

�	���� 8
4.1  �¡�¢�£�¤2 # O�6�9�l�m�Q�¥ ��¦�§ a�¨�?��������
F Q �©ª � -«¬� < 8�.�® j�k <�¯° { �±² -³ N L´ �� lm a�µ 8 �¶ � |¤· ��� 69
@1¸3¹# OP *+ F Q�¯° { �± ² - ? ± ² -º» ?¼�	� 6	9	l	m	Q	q � º	½	8¼¾ F ¯	° { �	± ² -
~�¿�À�Á .�T

D =
1

N
log

N
∏

i=1

p(xi), (12)

p(xi)
��Â

i Ã 6�9 *�+ @Ä¸Å¹�# O�P UBM Æ�ÇGF

Q�È L S�É ? N
� Ã � ?�Ê ¯�° { ��± ² -�³ N L

d
.�T

d =
D2 − D1

|D1|
, (13)

¾ FIt�u�a o�Q�¯�° { ��± ² -�. D1,D2

� ¾�Ë�Ì
$ noQ¯° { �± ² -8 �� |Z· d Í? ´ÎÏ
]	/	j	k Q ¾	Ë	Ì $ n	o · t�u	a o�Q	l�m a	µ 8 d

Í º » ?ÑÐ n	o	Q	l	m	q � º	½	8 � i ���	Ò�� 3 Ó� ? ¾ F�Ô	Õ�Ö�× Q �	Ø S	^	� c	a	b	`	a	&	'	( Q{ �	± ² -	³ N L	8¼Ù \	Ú	k	? ·	Û�Ü Q t�u	a o ?
UBM

oQ ± ² -³ N L pÝ}ÞZßQ jà 8 @ UBMo	Q	á	â ]	? { �	�	� l	m	n Á	y	z	ã	y�ä	? + /	Ó
j�k Q “UBMG+ w�x ”

n�o�Q ± ² -�³ N L y ��å
j	à Ý 4%

8sæ $	�	�	�	� � i	& Þ�Ý + /	j�k Q	no µç pq jàè O69Ql�m�q � ?�é lm�6�9ê�ë�p ¸Å¹�ìGíIa 8î
3 ïsðsñsòsósôsõsö

÷
( ø ) Y-C Y-M Y-O

UBM+ ùsú 14%(21%) 38%(31%) 42%(35%)

UBMG+ ùsú 20%(25%) 41%(34%) 46%(39%)

4.2 û�¡�¢�£
(1) ABX �� �< 2üý lm ä 69Q ¸3¹ì

íIa 8 { l�m ä Q�6�9 X y�z ü�ý ?�þ�ÿ�����è OP�6�9
A Ê�� S . 0

S ? ÿ��Ä¸Å¹�è O�P�6�9 B �S Ê . 1
S 8 þ���� ��� ÞZlm69 v ¸3¹è OP�6�9 ÿ���?�Ê l�m���� ?	��
�Ê .�©���8 @ ABX

���GFI?	�� 8 $���( {�)�� l�mn í Q 8 � 6�9
y�z�� S ? � i ����Ò�� 4 Ó � 8î

4 ABX ���
÷

( ø ) Y-C Y-M Y-O

�����
0.67(0.71) 0.68(0.69) 0.67(0.68)

UBM+ ùsú 0.81(0.85) 0.78(0.82) 0.79(0.81)

UBMG+ ùsú 0.85(0.88) 0.81(0.86) 0.83(0.86)

� �
4 F Ù \ Ú k ?�� | t u a o b UBM

o ? +
/�j�k Q “UBMG+ w�x ”

n�o�Q
ABX � S�ê à�?l�m q � ê ½�8	���

Y-C, Y-O
Q�l�m q � ¶ ½�2

Y-M, c�a Q�l�m�q � ¶ ½�2 `�a 8 Ð�������� ���� Þ ? “UBMG+ w�x ”
n�o�Q�l�m a�µ · ½ ? l�m

ä Q�6�9�ê ÿ�� 2 ¸Å¹�è O�P�Q�6�9 8
(2) MOS � � � { l m ä 6 9 Q ¨ M y z �

� 8 � Sp 5 $����? 1
S � ÞZlm ä 69 ¨M�� ? 5

S � ÞIl�m ä 6�9 ¨�M�� ½�8"! S º à�? l�m
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ä 6	9	Q 0 ² - b Ù���-	º à 8 @ MOS �	��F � 
8 $ �	( {	) � l	m	n í Q 8 $ 6	9 y	z	� S ? � i����Ò��

5 Ó � 8 î
5 MOS ���

÷
( ø ) Y-C Y-M Y-O

�����
4.10(4.11) 4.12(4.10) 4.04(4.02)

UBM+ ùsú 4.22(4.27) 4.23(4.26) 4.21(4.25)

UBMG+ ùsú 4.23(4.29) 4.23(4.27) 4.20(4.26)

��
5 F Ù \Úk + /jk QnoQ MOS �S ¶	à 2 t	u	a n	o ? v UBM

o	Q � S �  ¬ » 8��� ? Y-C b Y-M
Q�6�9 ¨�M�¶�à 2 Y-O, ��c�aQ	l	m�q � ¶ ½	2 `	a 8 �	� MOS �	�	�	� Ù \	Ú

k	? “UBMG+ w	x ”
n	o � { 2 t	u	a	b UBM

o ?l�m�6�9�Q ¨�M ë�p ��¦ Q���� 8
5 �
	

+ / :<�� �K� UBM �� � wx �� Qno ? S	^ � �	�	� b	w	x �	�	Ì $ n�� { 6	9	Q $	a�	� y	z����	? ���	Ý	¥ �	¦	§ Q è O	6�9	l�m 8Å�2 è O69lm�Q¥ �¦�§� a�?�� Ü���� ��� ef ? j	à Ý � Ü Q���� a	b q L	8 @ �	��� n�� ? �
� 03����������� ��� è OP69 � a�� ± Q &
'	( ��� � � UBM 	? j	à Ý �	� è O ¬ � &	'	(69 ���!�" Q�#�$ a? « @ lm&%P yz�'�(�)* �	? ê ½�+ � � ¬ � è O	P	Q ���	�	³ N 8 @�w	x�� n�� ? { è O69�,�- ·» Q¯�° �, b á K
y	z Ý ���	?¼é ! l	m	6	9	ê	ë ¸Å¹	ì�íIa 8 ���	�
���. ß � Ý + /jk Qno ¶ � 2 tua�b�/ �
UBM

n�o ? ± ² -�³ N L @�/ � UBM
o�Q�á�â ]

j�à Ý 4%, µ�çé l�m6�9�ê ÿ��Ä¸Å¹�è OP &�'
( 69Q ��� ëp · ½ Q6�9 ¨M 8�0�1 S�2 b �
i ��� ��3 ÞIÝ Ð n�o�Q�p�q a 8

\ ä Q545687 �595: Î5; v & ' ( è O �5<Q ¾�= 69�> a �� ? « y �å�? <�@ è O�6�9lm F 8
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8 Schötz S. F0 and segment duration in formant synthesis of

speaker age. In: Proc. Speech Prosody. Dresden, 2006:

515—518
9 Pitz M, Ney H. Vocal tract normalization equals linear

transformation in cepstral space. IEEE Trans. on Speech

and Audio Processing, 2005; 13(5): 930—944

10 cedefeIgceheIgiejekeMgNeOelemen ó ïeoeUeZe[epeqereseM
fStSuSaSvSwSxSaSaSbSI 2015; 45(7): 575—581

11 Erro D, Navas E, Hernaez I. Parametric voice conversion

based on bilinear frequency warping plus amplitude scaling.

IEEE Trans. on Audio, Speech, and Language Processing,

2013; 21(3): 556—566

12 Hui Lin, Yu YiBiao. Acoustic feature analysis and conver-

sion of age speech. In: Proc. ICWMMN, 2015: 147—151

13 Vorperian H K, Wang S, Chung M K et al. Anatomic de-

velopment of the oral and pharyngeal portions of the vocal

tract: An imaging study. The Journal of the Acoustical

Society of America, 2009; 125(3): 1666—1678

14 yGzG{GI}|G~G�GM}�G�G�G�G�G�G�G�S�G�S�G�S�G�SpGqSlGmG�S�
rSsS�S�SMglSaSaSbSI 2013; 38(2): 195—200

15 cG�GI}�G�G�GM}�G�G�GqG�AùAúG�G�S�G�S�G�S�G SUGpSqGrGsSM
RS¡S¢S£SI 2012; 28(2): 289—294


