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Analysis of acoustic characteristics in sponaneous speech

using Corpus of Spontaneous Japanese

Masanobu Nakamura, Koji Iwano, and Sadaoki Furui
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This paper compares acoustic characteristics of spontaneous speech and read speech analyzed using
the Corpus of Spontaneous Japanese (CSJ). Academic presentations, extemporaneous presentations
and dialogue utterances were analyzed as spontaneous speech, and the utterances reading manual
transcriptions of academic presentations were analyzed as read speech. Since they were uttered in
different speaking styles by a group of common speakers, the problem of individual spectral difference
could be avoided. Reduction of cepstral distribution for each phone was analyzed using utterances
by 5 male and 5 female speakers. It was found that the cepstral distribution of spontaneous speech
was reduced comparing to that of read speech. This was especially significant for dialogue utterances.
Speaking rate was also analyzed using phonetically labeled utterances spoken by 3 male and 3 female
speakers, and it was found that the speaking rate of spontaneous speech was higher than that of read
speech.
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redp(X) =
‖cp(X) − cp(X)‖

‖cp(R) − cp(R)‖qVWXYST@)defST@ghefST@iCSTZ{Ct|�_¢O�OR, A, S, DUD@

�2:S�Z#J�RS/a,i,u,e,o,a:,i:,u:,e:,o:/
/w,y,r,p,t,k,b,d,g,j,ts,ch,SS
z,s,sh,h,f,N,N:,m,n/

cp(X)_{Ct|�XZS�pK�PRTU��J���UbRc�p{Ct|�XZVS�ZTU��J���_cp(X)UbRcCw�UKredp(X)_�~@¢ZCwTUW_redp(X)UbRcX}�K?YH�#Z[\]_�QRc
3.2 _̂DEFGHIJ̀a��J���Z��Z���Z2bK?@CwÕ{Ct|��UK�~p�S�ZTU��J���ZW_�QRci�UDpS�?@�2Z#J�KØR31cdRS10cÕSS21ceUDpc�p@�Ài�sHt?�1KØYpVSTsHtd40cfeUDpcoo>�S�ZTU��J���?@Ñ¿Z��KDPgbNORc
(1)STsHt¦rMFCC12Q+Ui�IhH@¢OrZµQi�UjQi�k�Z139Q+ZS[I�lHt_gbbRc�ÀmÏ?

10ms@�Àno?25msUD@{C/0�UKCMSp-_��PQRc
(2)�CwÕ{Ct|��UK@�Ài�sHt_�QP1q8monophone HMM_)rbRcVPZS�ss}?@3tuZleft–to–rightv

HMMUbRc
(3)bwXx�pmonophone HMMZ�x@�Ài�S�ZHMMZy2tu¦r12Q+

MFCCZ!��}_S�ZTU��J���UDPjkbbc
4z�{|­ABC��CDEFSTZ{C§̈?VWXYSTÙaDP}~ox(m©@¢Z�[>°±�kx���bQUQ�
���xØR[2]c¢Zp~@CDEFSTUVWXYSTZ{C§̈��Z�É_
�bRoU?@°±ÂÈZÉXKÁ�>ØRU��Rc{Ct|�K�R{C§̈Z�Q_
�R��
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M1 © 7,420 7,371 5,213 9,915

M2 © 10,768 10,815 6,000 14,489�ÂM3 © 12,118 12,211 8,525 17,616

M4 – 23,154 23,208 8,615 19,892

M5 – 8,598 8,651 11,518 29,862

F1 © 12,162 12,071 10,119 25,428

F2 © 7,843 7,757 7,206 20,141�ÂF3 © 11,383 11,360 4,837 17,044

F4 – 8,111 8,038 8,232 20,999

F5 – 17,797 17,848 9,598 22,083K?@�1ZG�K��OR6�ZSTsHt_�Qpc"�NOPQRS��!}_�QP@�S�Z�: ��_�~p9@¢Z��_jRoU>�S�Z{C§̈_2bbRc/0?S�/secUzRc�Ài�ZS�?@3.1�UÜ�©@�2K�bS�UDpc
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5.1DEFGHIJKLJMNO�1K@RSUSSZ��J���Z��Z���redp(X)_{Ct|��UK�bcX�xRS@¿�xSS_�DPQRcredp(X) = 1_��>�(bRc�1Z��KqVWXYSTKibR)defSTZ��J���Z��Z���redp(A)_�bcoO�k@RSK�PR���? U!·1K®QoUx�¦RcoO?@RSZ��J�����Z"xk_ÎpUm@qVWXYSTU)defSTZ�K#xzQoU_�DPQRc�KSSK�PR���?@($ZS�x1�k¡�N©z�PQRcp%D@S�/ch/,/N:/K&DP?@�QpSTsHt>?{TNOz¦�pp~���?�~PQzQc�1Z 'KqVWXYSTKibRghefSTZ��J���Z��Z���redp(S)_�bc)defSTÙabRU@RSK�PR���x()�N©z�PQRc�1Z*�KqVWXYSTKibRiCSTZ��J���Z��Z���redp(D)_�bc)defSTÙabRU@RSK�QP¡SSK�Q

P¡���x�N©z�PQRc�p�2KRSUSSZredp(X)ZTU_{Ct|��UK�bc)defST@ghefST@iCST_¢O�OA, S, DUDpcoO�k@VPZ{Ct|�>��J���Z��Z��x��P�k@iCST>?¢Ox£¤KØŗOPQRc��J�����Z��Z�S_+,\K�b7\>@ØRCwK�PRiCSTUqVWXYSTZ12Q+ZMFCC_2Q+Z-k�!��}��K.�Dp��_�3K�bc�	?�S�Ki/D@X�xRS@¿�xSSZ��_�DPQRcy1@y2-k�!��}_¢O�O01@21Kj�PQRcqVWXYSTZ�S�ZTU��J���_3	>�D@¢Z��_4�Z56>®7DPQRc�piCSTZ�S�ZTU��J���_8	>�D@¢Z��_��Z56>®7DPQRcoO�k@VPZS�ZTU��J���x��Z 8(0,0)K®9©@bz̧xS�K�R��J���Z�Qx�N©z�PQR�Sx�¦Rc�p@Ñ¿Z��z:;��_��pcSTsHtUDPG�K��OR���3�ZST_�Q@"�NOPQRS��!}_�QP@�S�9�_-kbD@�S�Z12Q+MFCCZTUW_�~RcoZTU��J���_�QP@qVWXYSTKibR�{Ct|�Z��J���Z��Z���_�~Rc��_�4K�bcX�?RS@¿�?SSZ�À��>ØRcHMMZy2tu¦rTU��J���_gbDp78Z��d�1eUÜ�K@3cZCDEFSTKÌQP��J�����x��D@]KiCSTK�PR
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