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Local Speech Rate and Temporal Sturacture of Speech
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We investigate a scale which represents the subjective speech rate. The conventionally used speech rate
scale can not well reflect the subjective speech rate. The new scale uses the effective number of morae
which represent the duration ratio of a mora to a standard mora. We show an auditory discrimination
test which examine the validity of the new scale. The scale reduces the fluctuation in local speech rate
and mora duration. Using the scale, three speech temporal models are proposed which give time structure
of phonemes, morae and phrases of speech, respectively.
Key words: prosody, temporal structure, local speech rate, subjective speech rate, effective number of
morae
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"XW�52�Äx�%8T�'�W[92�+�?O&$+W�6¦Ì�C6äÅ���g�P�1ZhQ�]ONE�£�¤-,7'�W��6©d,&8 xCE�J+K27X1�2�.¦Áx4É4�¼ÌCÆzÇ]�/�z1Nc6TP>?äzD6�P�z1Zh
cH��lZ7�9�Õj�
�87]Ô-Õ

(rA, rB)
kAl

rA = rB7/©
:<;�=6^2>�� xCE
A
7�# } W]K¦ÌXò2c£ú+O&$>%7/â(Ø2>ZJ6Kd7�1N7�?27�@8kNl�A�BND2E

B
73# } WK¦Ì$ò2c£ú+O�$C'£7/â+Ød><J(K27�1d7�D27&@-kNl�A
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3:
A�B+¡�Õ

BNDdEEA�B+¡�Õ(F�+2>.GÄÌHh
�

2
,]¿(\b1�A�B+¡�Õ(F�+2�e�

3
7AÁA}f,+�21<hcÍ7(�Z,/.6�d�zE»%´ 27�A�B6¡�Õ
F�+27.H�$XW�?27

@Q,3Id�?�/�N1<hzc �A� ¥�¦ i ,�1�2�.27<J(KÅÁdxÉH×
B
>��(��T�òÍ�8�<�z1Nc(TP>?äND]�/�z1?h

�
2
k2l�A[2Z¶?�8·4Ø+>�G�;61Í©[*X> ¬d­ ,/äZ\(h×

B
7&% ¶+�2·b@y7/�]à(&UE�8�96à(&-7!A�2?¶6�N·Ød>
x
T]D8E�×

B
7/¶Q�z·?Ød>

3 + x
¶Q�z·zT�\1Phzc472T?�]7/J(Kd7X1�2�.+W]Æ(* i �ZJ6K2>�C8D�/�g12TÍ\b1]h]×

B
7/�2�bmXn<�d>

tB
Ty\b1NTXEJ]K

r′B = (3+x)/tB
�8E���È-7PJ6K

rB = 4/tB
>ß6�z�

r′B = (3 + x)/4rB

TEJÄÌ(c(T£WQ�2�+1Zh�c7/JQK
r′B
T

rA

W(Ë�=bD6OzT<�NE�ÆX* i ,?×
B
7K��ZT�×

A
7/KÅ�HW»Û6Ç<,�ò2cÍúX1QT�\81<h[�

2
7'�$2>

αrA = rB

7Z©(:Z,3=+^->
� xCE�%/.¦ÁPOK'7?V£�e6P�U7�A�B+¡�ÕLF�+->
Ge;8E�%  87&A�B(¡�Õ
F!+27�H�$+WdÊ!,2��H-¹Q1dÁb}¾,

α
>&M�N�O
P�Q�R

S
α T&U�VXW
Y x = 4/α− 3 ZL[]\�^3_�`La�b x Tc>d PLe�f!g�hji�P�Q
k

2 l�m�V(W
Y α = 1.06
S&n(o l.p�q>T.r P>f Yk

4 l�s O Zutvlxwzy S&{�|�}�~
���XS&��� g>���h �X� P�Q�����gX� WLY x = 0.77
f!� [4Y
w��������� � S V T 0.77 _�`
a f \�^ O7P
e�f�h YE���� �&��� T3b��Xl3���&�7� P�������g s��v� ��Q

  �.¡ l
Y k 2
S�¢�~ k T7Y�\�^3_�`(a�bXT&U�V

W�£ i Y R S�{�|�}�~
��� T.£¥¤ f YLw�y S.{�|�}~L��� gX���jh �X� P�Q \�^3_�`La�bXT3U�V P����S�¦ ^ n�§LS&¨�© � T.sª�v� ��Q
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k
4:
{�|�}�~

( p�q�«�¬�­ 1.06)

2.3 ®°¯²±°³µ´�¶¸·C¹»º¼´¥½¸¾
¿

2.1 À�l�s �.� Zut�lLYÂÁ�Ã�Ä [8]
�xÅ � Ä [17]Æ.Ç e �ÉÈ S�Ê�Ë�Ì>S�Í�Î l&� � W�\�^3_�`(a�bjTÏ�Ð � Ç R �7T.Ñ�Ò O(PLe�f lÓZ � W.Ô�Õ ����g�Ö× O(P
e�f T&s ���jØe S À h Æ Y Ê�Ë�Ì�Ù � h Æ � ¤�Y4ÚXW S _�`(a

l&� � WLYÛ\�^._�`
a�bjT.Ü>Ý [27]
����Þ Î�ß T&Ñ

Ò O(P�Q   � Y�à�_�`La S Þ Î�ß T&á�â Ç á�ã ��äS á�å�æ�ç>l cLd �jØ
Ô�Õ � ��è�����é T Ç.ê å
ë�ì�í � [ S3î�ï _�`
añð eje�h Æ /ma/ ò S.Ì7S b f ×jó OCP3Q�ôÓõ S
_�`
a S&Ì>S Þ Î�ß ð÷öLø Ç Þ Î�ß ò f Æ3Ç í P Ô
Õ � �&è�����é S(ù f�h Ç R S _�`La S�ú�û � g îï _�`ua /ma/

S�ú�û � S3ü�ý lLþ �>P�ÿ T�� O��h íÉ[ Ç ö(ø S ZutÂl�� [�� � l7Z � W cLd P�Ø
í P _�`�a�T �	� lXY�
�� S _3`�a&T�
�� ��� _�`
a S�����S e�f T�� } _�`Óa�� f����»e�f l OÓPjØ
a	��� � i ��!�"4`�#%$�l�&   � P ÚLW S � } _�`
a'� S'( ) T X

f3� Ç � } _�`Óa�� S�* bXT |X |f,+(P�Ø
X = {p1, p2, . . . pj , . . . , p|X|} (1)

 .- Ç _�`La m l.� +
P�Þ Î�ßXS0/�1 � R
(0)
m T RS _X`7a S�Ì b f2+ÓPXØ y   [ Ç�3 � �X� Í �j� Ç3 �54 Í ��� Ç�6 � Ç�7 � S Þ Î�ß T98 Ç�3 � ���� ��� Ç�3 �%4 � ��� S Þ Î�ß T°w f2+ÓPXØ   � Ç6 � /q/

Æ � û 3 � f S�} : gL�';7�0;=<0>>h í PS h Ç?6 � S'@ � S _�`
a�l�A ) �CB Ç R S _�`LaS Þ Î�ß l98ÂT�
 � P�Ø&R �>ö�D S�E�) h ù Ç�FHGS.I `KJ�l&m�VXW Æ _�`(a S�}�: gK<�>X� E�) g íP S h Ç }�: h�i�� V3_�`(a�L'MXT�N�A ��O�P S'Q
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R l R � W Þ Î�ßLS�/�1 �XT ×>d P�QS l Ç n TKU (n ≥ 1)
S � [V� � l�y�V>W0W�� P�Ø

� } _L`Ca�� p
S�X â ÿ È i YZU S _X`�ajT

m(p, i)
f�� Ç

n − 1 T�U S m(p, i)
S Þ ÎLß T

R
(n−1)
m(p,i)

f[+
PXf Ç � } _�`(a'� p ∈ X
g î�ï _�`

a /ma/
S!ú.û � S!ü.ý h í P�ÿ Æ�Ç ∑3

i=1 R
(n−1)
m(p,i)

h
�¥�v� P�Ø
� } _x`²a\�^] S _É`²a m(p, i)

S
ú¥û �
T |m(p, i)|

f'+ªPÓf Ç � } _L`xa�� S�ú
û � Æ
∑3

i=1 |m(p, i)|
f �x�v� Ç e S � } _�`7a'� h S.îï _�`(a /ma/ _�y(þ � [ S3ú�û � Æ�Ç

d
(n)

p =

∑3
i=1 |m(p, i)|

∑3
i=1 R

(n−1)
m(p,i)

(2)

f���P�Ø
e S

d
(n)

p l.� +(P Ç � } _�`
a�� p
S

i Y`U S
_�`Óa S�ú�û � g /ma/

S.ú�û � S3ü�ý ÿjh í P�ÿ
T�� +��

R
′(n)
m(p,i) =

|m(p, i)|

d
(n)

p

(3)

T�_�`(a'a f?�b�xe�f l +(P�Ø
Xm T I `%J�c9dfe[] h S _X`
a m

S5g0h
S Úi�f3� Ç
|Xm| T R S ô b f.+7P�Ø>e S f3i Ç _j`

a m
S _�`7a0a S�j�k R

′(n)
m
Æ

R
′(n)
m =

∑
p

∑
m(p,i)=m R

′(n)
m(p,i)

|Xm|
(4)

S Zut�l cLd PXe�f!g�hji�P�Ø
n − 1 T=U S Þ Î�ß R

(n−1)
m T3U�V PLf Ç n TlUS�î�ï _�`>a /ma/

S _�`(a�a S�j�k R
′(n)
/ma/

ù L'm
l�n¥ÈÛ� P�Ø /ma/

S Þ Î�ß T 1
f,+(P�� d l Ç ö

ø S ZutÛl.à�_�`(a S _X`
a�a S?j�k T�o�p � Ç n

THU S Þ Î�ß T ×Ld P�Ø

R(n)
m =

R
′(n)
m

R
′(n)
/ma/

(5)

ATR N û ��! I `%J��j`l$ B cqd=e�T3U�V Ç á
À Ç r `Ks�t�ã ��ä�h S _�`Óa S Þlu T�Wwv � W Ç
à�_X`7a�T�á�â Ç ájã Ç ��x y�z â Ç ��x�ywz ã Ç
á�À�â Ç á�À�ã Ç � ì Ç m�Z�{ Ç á�â Ç �bx�y�z â Ç
á�À�â Ç � ì S R �l|&� S 6 � S 
 S 11 }�~ S á
å�æXl } ~ ����Ø á�å�æ�çXl R �\|��K� ô l Þ Î�ß
T cLd �jØ
�K[�� � ¦ ^ +(PXe�f!h _�`(a�a S0j�k Æ������� +(P&g Ç������ � S0� � V3_�`(a3l5� � W Æ3Ç?�� S'� V ù!Suù í ����Ø

� ��� � g 10 ö O S _X`(a�l�m�V7W Ç _j`(a'aS0j�k � Sb��� � Æ�r `�s't�ã S /qte/
S

2.453
h í

[ Ç ��� � Æ á�â S /hi/
S

0.437
h í ���jØ�� ï��� S0��� � Æ á�À�ã S /qte/

S
0.358

h íª[ Ç ��� �Æ á�â S /ka/
S

0.0551
h í ����Ø

3
���������������

��� S&ú�û ë�ì � Æ Y4Ô�Õ ��� l���� +% �¡%¢jf

�� S ��� S0£ ��å�æXl���� +\ �¡%¢.ÿ È.¤    jf
W �
ÈÛ�  �Q�¥�¦ á���! h Æ ��� S'§�¨ Æ a�© � �� V � d Y4��� ú�û ë�ì � S'ª�« l(Y £ ��¬�­ S'ª® Ù � h�� ¤&Y�Ô�Õ ��� S'ª�« l ÿ�ÿ �   t�¯�° �±�² ��³�´ ��ä S0µ�¶ ³�´jT�& d � _ I � g?·�¸ �
�»Y R S�¨�© ��g s��]�CW!V   [1]

Q	+Xh lLYº¹�»�Ä
[14] luZ � W
Y ����g ��� ú�û ë�ì � l�¼K�   q�½
l�y�VLW £?¾ ÈÂ�ÓW�V  �Q(e � Æ�¿ × �]� �&���jh¦�À5O�Á(��Â�ÃlÄ ¶LS?ÅwÆ T.U�V
WÓY 3 �¥YE���¥Y3 � S N�ÇXl�mX�   ��� S�ú�û ë�ì � T�È × � W�V �Q Æ�É�Ê h Æ Y e S Z7tvl ª�« � � ��Ë�Ì S è��h Æ � ¤�Y ��� S0§w¨ T�&wÍ�á ¥�¦�è�� T.U�VCY�àè�� ��!Xl&Ô�Õ ��� T?��¼ � Y�����Î�Ï�ç S ��� úû ë�ì � f Ô3Õ �3�Óf S ��Ð�l!y�VjW }�Ñ �.� [16]

Q
��� S�§�¨ g � i V è�� ��!Xl.� � W Æ Y�Ô�Õ �� S'ª�« f Y4��� ú�û ë�ì � S�ª�« T }�: +% >e�f
l7Z � WLY e �°È�T�L�ë.l ª�« +% Xe�f<g3��� l � >f WK�(ÈÛ�  &Q

3.1 ÒZÓÕÔZÖØ×ZÙfÚÜÛL®°¯°±°³
� _�`
a j�k ��� Ý Y X�Þ _�`La�ß�à0á(ëbâ ÿ È

� û _�`
a�ß'ã%ä�ëbâ   h ß�ë�ì Ýq�vh5å���� ù ß
ß ¡ b f ×�ó �.��æ á�âuY á�ãuY r ` s�ß0
�� h Æ Y
wz_�`(a Ý U�V
WwL�mjl ×�ó ���?æ   � YKç�_�`Laj�k ��� Y\èz_�`(a j�k ��� ù L0m>l ×�ó ���?æ á� ß�à3����l!y3VjW>Y X?Þ �?��é7Yê� û ���?é7Y�þ	ë
���5ß ú�û ë�ì � f0ì ß.���jl�mX�  �O�P ß � }�~
ß�Ô�Õ �3� I `KJ Ý Y]���?��l�íwî[ï0�Xl gbð �3�'æe ß I `\J�íKî2ï'�%ß �.ÿ È�Y���� /e/ l�y�V>W
Yñ «jl � _�`(a j�k ���KÝ�ò «jl�þ�ë����5ß ú�û ë
ì � Ý � � V � h �`ó dfe � Y XwÞ �w� g /d/

h í
[ô� û �w� g /n/

h í   Ew) Ý � i V � h �9ó dfe��� ù ß Ý k 5 l.s +�æ
Ô�Õ ��� l&� +H  ��� ú�û ë�ì � ß }�~ m¥Zô{`Tõ @�� g Y ���CY4����Î�Ï\ö f l�nCÈÂ� ��æwì ß?A÷ Y�����Y4����Î�Ï\ö f l }�~ g�øX�  Xe�f g } ÿ
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X�Þ ��� /d/ Y,� û ��� /n/ ß���� /e/

[�Y�Ô�Õ ��� Ý W�v ��� ��� ú�û ë�ì � ß ªw« ß'ù¡���g sª�v� �?æ

3.2 úKû�üý×ZÙfþZÿ�� ���
Þ Î�ß Ý�� V � á�À è�����é Y Þ Î�ß Ý�� V � áè�����é Ý�ì �H|��ÉY4á�À%].l�&   �   _�`La�ß ÞÎ�ß ß *�� Ý á�ÀHß ú�û � hKå���� ù ßLYEmxZº{KY
á � l?&   �   _�`La�ß Þ Î�ß ß *	� Ý r `Ks Ý å
V � á5ß ú�û � h5å���� ù ß f ×�ó +H �æ �.È�l.á
À è�����é ß�á è�����é l.� +H  a Ý�ì ß�á�ÀKß �é a f ×�ó +% �æ

3.2.1 
���
�
������	�
áH]?ß.á�À�b f á�À�å�æCY r `5s?tH]?ß�á�À�b f
á�À�å�æ5ß + ¾ Wwß�� À )X� B
l�y�VLW
Y�á�ÀKß�à
_�`(a�ß Þ Î�ß ß )�¦ l&� +\ ���é a Ý T õ }�Ñ l
Z � W�_ I ��� +% �æ
á g ¼��>È � �jf<i Y e ß ��é a?È × _ I �XlLZ �
WjY ì ß � ß<à�á�À�ß �3é a Ý È × +5 >e.fEg�h�i Y
�&È�l
Y4á è�����é�g ¼ �(ÈÂ��� ; à�á�À5ß�á�À è�j�jé m»ZC{7áXÀ újû ëjì � Ý È × +� 7e�f�gLhi� �æ

3.2.2 
�����
�������������� �
á.À ú3û ë.ì � g ¼��XÈ]� ��f!i Y á.À ]'ß à&_.`
a?ß ú�û ë�ì � Ý È × +l  n�§ Ý?·�¸�+% �æê	! � n�§ f&� WLY4à3_�`La�ß ú�û ë�ì � g#"L�
V f&� Yzá�À ú�û ë�ì � Ý á�À � ß!_3`La�b h $ [4Y
_�`(a ú�û ë�ì � Ý cXd   n�§ g W �
ÈÂ�  'æ(e ßn�§ h n � _�`>a ú�û ë�ì � ß�%	&�� f F &��Kß��

ÐKß ' Ý k 6 l&s +�æ7e ß n�§ h Æ Y)(+*\ß`8 _j`
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k
6: ,.-0/2143650798;:=<6>@?2ACBCD@EGF4H (1)

a ÿ È �w  I ��` � f;J ) _�`>a�l&� +H  I ��` �f l }�~ g } ÿ �uW�V  �æ   � Y _�`(a ú�û ë�ì �
ß Þ Î g W�v¥� �uW�V � V � d Y ÞHu�� W è�� � �
W�V   _�`La g Í ¤�Y Î�� � W è�� �]�   _�`(a g� ¤ j�k �ª� ��W�V  
e�f!g } ÿ  �æ
y�K(lÓY4_�`ua ú�û ë�ì � Ý ¤ d   n�§ f3� W(Y
á�ÀH]?ß�à�_�`(a?ß Þ Î�ß l�a	' � W�_�`>a ú�û ë
ì � Ý ¤ d   n�§ g W5�
ÈÂ�  'æ(e ß n�§ h ß�%	&
� f F &�� f ß���Ð5ßL' Ý k 7 l&s +�æ _�`La ú�û
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k
7: ,.-0/2143650798;:=<6>@?2ACBCD@EGF4H (2)

ë�ì � ß Þ Î Ý W�v ��� A ÷ YÛ_�`La ú�û ë�ì � ß
%�&��\ß�M � g ��N lPO � W�V  'æe ß(Z7tvl
YÛ_�`La ú�û ë�ì � ß Þ Î Ý W�v +H e�f luZ � W
YC¼5�LÈÛ� � á�À è�����é Ý F h +H 
_�`>a ú3û ë�ì � Ý Q�é Ý>¤ È × +5 je�f�g�h�i��'æ

3.2.3 �����R�LS�
�T�U�������� �
è�����é�g § � �3� E�) l
YÛ_�`La�]�ß.��� ú�û
ëjì � g>ä ßÓZªt�l § � +f �ÿ }�Ñ Ý Þ ��� [28]

æ
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��� ú�û ë�ì � Æ �+V l��uÈ - l }�~ ß&å�æ g @��O l3å�æ � W�V  Xe�f<g+W�X �v�CW&V  'æ
ö O ß e�f�ÿ È�YÛ_�`>a�ß&áH] g0h å�æ�çXl�_�`
a ú�û ë�ì � l.� +H  ��� ú�û ë�ì � Ý T õ }�Ñ l
Z � W�_ I ��� ���?æ

4 Y[Z]\
��� lL^�U � Y4Ô�Õ ��� ß ¦ & § f Y4���CY _�`
a&Y�á�À ��ä ß ��� l���� ��� ë�ì ú�û � ª�« _ I
�Ll.y�VLW ·�¸5Ý Þ � W i���æ
e ß É�Ê Ý Þ t]ljþ � [4Y ����_�a�ï�` � eba5$ced ÝLf+g
����æ�ì ß'A ÷ Y����Lab���%ß � V I `

J	��`%$3l�� � W ù Y ��� ß ¦ & g����uf���� W�V 0æ   � Yih	j Ý § ��� B � ��! Ý ) g�+%  aK$ cd ù f	gL����æ ë�ì�¯�° Ý § �¥� B � ��!jl&� +% k � F�l l � V
W�V  'æ
\�^�_�`La�b Ý Ñ�Ò +H Le�f lÓZ � W Ç Ô�Õ ���
ß�& × � g Ê�Ë�Ì ÿ È0ß�q�½ Ý�m ��lu¤�¤ �� >e�fÝ s ���jØ
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