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HMM

Text 1...

Text N

Parametrised
speech input

SPM
Parametrised
speech outputText i

(i) Recognition phase

(ii) Re-synthesis phase
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< IN8 MHM 8�D K C�B R � INB 5 =>?^=>?�IN8�C >04 6 < B K � . � 57.

� UH8�? � & � I�U@8 ( 4*< 8�6>=>?@8 A�3('SM 8�C K B*C RW4 ?HG�8�= < B-(HI 4 =>?H8�D .9#�< � =>?HG�C�8 4*< 8 <G9]4 ?`=>?7G�C�8 4*< =>? ,
A�8�= , U,I�= <
M 6 4 G�8�DkB&?^I�U@8 �J0�2 P , 8�?@8�C 4 IN8�D < G�B*C�8 9V4 ?HD^C�8�G�B , ?7=9I�=9B&? 4 G�G�JHC 4 G * =>?HG�C�8 4*< 8 <�< U 4 C M 6 *
JH?�I�=>6 � 6 �
	 � � . # G�G�J@C 4 G *^< JM( < 8L	gJ@8�?�I�6 * D@8�G�6>=>?@8 <�R B*CE8 < IN8 4 DH=>6 *-9 INB 4 >�4 6>J@8�G�B*C�CE8 <NM B&?HDH=>? , INB
I�U@8�J < 8�B K I�UH8 �J0K2 < G�B*C�8 4 69B&?@8 .�� UH=>698#I�U@8�C�8#= <14 C�8�6 4 I�= > 8�6 * ? 4 CEC�B.A ( 4 ?HDWB K � >04 6>JH8 < A�UH=>GEU* =98�6>D[CE8�G�B , ?H=9I�=9B&? 4 G�G�J@C 4 G�=98 <p4 (YB > 8 ) B&% 9�� 
H�4>04 6>J@8fB K � � � * =98�6>D < = R�M C�B > 8�D M 8�C K B*C R_4 ?7G�8
G�B R�M74 C�8�D^A
=9I�U A�3(' K B*C 4 ? D P (V8 < I�6>= < I�B K I�UH= < D@8 M I�U .

3 U@8x8]? 4 6*C�8�6 4 I�= > 8�8�C�CEB*C C 4 IN81C�8�DHJHG�I�=9B&? < 4 GEU7=98 > 8�D ( * C�8�P < G�B*Ct=>? ,CD�& 5 � � INC 4 ? < G�Ct= M I�=9B&? <5K B*C
8 4 GEUfB K I�UH8 �J5 IN8 < I < 8�I�J@ININ8�C 4 ?7G�8 < 6 +1K B*C�8 4 GEU�B K I�U@8 
��L<NM 8 4�O 8�C <�4 C�8(6>= < IN8�Df=>? 354 (7698 );.CB;.e3 U@8
4 C�I�=>G�JH6 4 INB*C * D 4 I 4 A18�C�8 <=* ?,I�U@8 < = < 8�DaJ < =>? , I�U@8#8 =gM 6>=>G�=9I�G�B�P 4 CEI�=>G�JH6 4 I�=9B&? R BgD@8�6 9�4 ?HD�G�B R (7=>?@8�D
A�3(' P �J0�2 M C�B-( 4 (7=>6>=9I *W< G�B*C�8 < G�B R_M J@IN8�D K CEB R I�UH8�B M I�= R J R � >�4 6>J@8 < A�8�CE8�8 R_M 69B * 8�D�=>?aI�U@8
C�8�P < G�B*CE=>? ,f4 6 , B*CE=9I�U R .�� ?_8 4 GtUdG 4*< 8 4�< = , ?7=98]G 4 ?�I1C�8�DHJ7G�I�=9B&?a=>?aI�U@8�C�8�G�B , ?H=9I�=9B&?�8�CEC�B*C�C 4 IN8�A 4*<
B-(HI 4 =>?@8�D .
/������ 0 � ��� � � ��� � � #�	 # � ��� ��	B� ! # �%#

3 U@8V( 4*< 8�6>=>?@8�A1B*CEDFC�8�G�B , ?H=9I�=9B&? 4 G�G�J@C 4 G�=98 <e4 GEUH=98 > 8�D	( * I�U@8 <�M 8 4�O 8�C�PQD@8 M 8�?HD@8�?,I A�3('T<=*�< IN8 R_<
K B*C�I�U@8 
 2 <NM 8 4�O 8�C <������ " 4 ?7D	� ��
���4 CE8�6>= < IN8�D\=>? 354 (7698 );.4-1.�3 U@8 , C 4*RWR_4 C < G 4 698 Kj4 G�INB*C ���
A 4*<d< 8�I�INB 5 B K B*C �
��� " 4 ?HD 5 � K B*C�� ��
��;9�4 ?HD I�U@8ZC�8 < J769I�=>? , A�B*CED�C�8�G�B , ?H=9I�=9B&? 8�C�C�B*C <�4 C�8
G�B&? < =>D@8�C 4 (]6 * 698 <E< I�U 4 ?dI�U@B < 8p6>= < IN8�D`=>? 354 (7698 );.85�K B*C�I�U@8 
�� D 4 I 4J.

3 UH= <�< = , ?H=98]G 4 ?,I M 8�C K B*C RW4 ?HG�8�= R�M CEB > 8 R 8�?,I�= < 6 4 C , 8�6 * DHJ@8
INB�I�U@8 R B*C�8 4 G�G�J@C 4 IN8 4 G�B&J < I�=>G
R B�D@8�6>6>=>? ,ZM C�B > =>D@8�D ( * I�U@8 
S2 A�3(' R BgD@8�6 <G. # INB*I 4 6(B K��%8q��- DH= < I�=>?HG�IfG�C�B <�< P!A1B*CEDiINC�8�8�P
G�6>J < IN8�C�8�D�INCE= M U@B&?@8 R BgDH8�6 < A18�C�8�J < 8�Da=>?aI�U@8 
S2 <=*�< IN8 R49 8 4 GtUdA
=9I�U B 8 R =9INI�=>? ,f< I 4 IN8 < 6�7 4 ?HD

9 C�� Y`U�w�QIV�X(VOJePDS�dIYRdTScM Ycg � . 
 [jYRQTb�X�r
9 G �a[jY�Z�U�Vpd(dIVOJNP�X�dTScdIZ�XWgiYcQ}X�dIY`wNX}ScJfbmb�V�we].dI]NY`JeP`X�r
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354 (7698 );.CB;< 
 8�6 4 I�= > 8�C�8�DHJHG�I�=9B&? < =>? A1B*CEDrCE8�G�B , ?H=9I�=9B&? 8�C�C�B*CZC 4 IN8 <\K B*CkI�U@8 
�� <NM 8 4�O 8�C <F9
4 GEUH=98 > 8�DkB > 8�C�I�U@8B( 4*< 8�6>=>?@8 A�3 ' M 8�C K B*C R_4 ?HG�8N( * J < =>? , G�B R (7=>?@8�D A�3(' P �J0K2 < G�B*C�8 <F.
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354 (7698 );.4-1<�:�4*< 8�6>=>?H8�A�B*CtD�C�8�G�B , ?H=9I�=9B&? 4 G�G�JHC 4 G�=98 <�K B*C 
S2 <NM 8 4�O 8�C <F9 J < =>? ,�<NM 8 4�O 8�CNPQDH8 M 8�?7D@8�?�I
A�3('SR B�D@8�6 <F.

4F< =>? , 698 *#4 J <�< = 4 ?dD7= < INCE=)(7J@I�=9B&?aINB R B�D@8�6]8 4 GEUdB K I�U@8 B%,�4 G�B&J < I�=>G M74 C 4*R 8�IN8�C <F.�� ?HG�6>JHDH=>? , I�U@8
M74 C 4*R 8�IN8�C < J < 8�D�INB R B�D@8�61INC 4 ? < =9I�=9B&? M C�B-( 4 (]=>6>=9I�=98 < (Y8�IQA18�8�? < I 4 IN8 <F9 I�UH= < * =98�6>D <�4 INB*I 4 6�B K
6 5 	 P 2 '����i'9� 
iM74 C 4*R 8�IN8�C < =>?\I�U@8 
S2L4 G�B&J < I�=>G R B�D@8�6 <F.�3 UH= < C�8 M CE8 < 8�?�I <�4"P � P K B&6>D =>?HG�C�8 4*< 8
=>?WI�UH8#?gJ R (Y8�C�B K M]4 C 4*R 8�IN8�C < J < 8�DWG�B R_M74 C�8�DaA
=9I�UaI�U@8 
�� <=*g< IN8 R 9�4 ?HD�U@8�?HG�8�I�U@8N( 4*< 8�6>=>?@8
C�8�G�B , ?H=9I�=9B&? M 8�C K B*C RW4 ?HG�8 4 GEUH=98 > 8�DZ= < , C�8 4 I�6 * = R_M C�B > 8�D .
mYnporqts5uHv�wgxTyWw�qEv�z&{V|0}j~5�

3 U@8�C�8 < JH69I < B-(HI 4 =>?H8�DfA
U@8�?�J < =>? , I�U@8 �J0K2 PQG�B R_M J@IN8�D�69B ,�M C�B-( 4 (7=>6>=9I�=98 < INB#C�8�P < G�B*C�8�JHININ8�C 4 ?HG�8
U *gM B*I�U@8 < = < 6>= < I < B K 698�? , I�U D�& 5 � � 4 CE8 < U@B.A
?d=>? 3 = , JHC�8 );. 8;.�# $ � < $ � C 4 I�=9BfB K 5 � A 4*< J < 8�D
K B*Cf8 4 GtU <NM 8 4�O 8�C 9�4 ?7D , C 4*R_R_4 C < G 4 698 Kj4 G�INB*C < B K Pq�\4 ?HD 5L� A�8�CE8^J < 8�D K B*C �
��� " 4 ?7D � ��
��

C�8 <NM 8�G�I�= > 8�6 *-. # U7= , U@8�C $ � < $ � C 4 I�=9B = < J < 8�D K B*C�I�U@8 
S2 <NM 8 4�O 8�C < G�B R�M74 C�8�D�A
=9I�U I�U@8

�� <NM 8 4�O 8�C <�< =>?7G�8 R B*C�8dD 4 I 4[4 CE8 4G>�4 =>6 4 (7698`INBbINC 4 =>?�I�U@8 2 � 0�< =>?�I�U@8 
S2 G�B*C M J <G9�4 ?HD
I�U@8�G�B*C�C�8 <NM B&?HD7=>? ,f4 G�B&J < I�=>G�8�C�CEB*C >04 Ct= 4 ?HG�8 < J < 8�D�INB�G�B R�M J@IN8 � ��%*' ) 4 CE8p69B.A18�C � U@8�?7G�8 , C�8 4 IN8�C
< = , ?H=98]G 4 ?HG�8�= <p4 INI 4 GtU@8�DiINBkI�UH8_69B ,kM C�B-( 4 (7=>6>=9I�=98 < G�B R�M JHIN8�DH( 4*< 8�DhB&? � ��%*' ) I�U 4 ? �(� %*' ) . #�<
=>?\I�U@8FG 4*< 8fB K I�U@8 
�� D 4 I 4J9 I�UH8 >�4 6>J@8 < B K I�U@8 < 8 M74 C 4*R 8�IN8�C < A�8�C�8�8 R_M =9CE=>G 4 6>6 * DH8�IN8�C R =>?@8�D
( 4*< 8�DkB&?^IN8 < I < 8�I
CE8�G�B , ?H=9I�=9B&? M 8�C K B*C R_4 ?HG�8 .�3 U@8 4 CEI�=>G�JH6 4 INB*C * CE8 M C�8 < 8�?,I 4 I�=9B&?\J < 8�D K B*C
8 4 GtU
<NM 8 4�O 8�C�A 4*< I�U 4 I , 8�?@8�C 4 IN8�D K C�B R I�U@8 <NM 8 4�O 8�CNPQ=>?7D@8 M 8�?HD@8�?,I 
�� < I 4 I�= < I�=>G < J < =>? , I�U@8
8 =�M 6>=>G�=9I
G�B�P 4 C�I�=>G�JH6 4 I�=9B&? R B�D@8�6 .

� U7=>698�I�U@8�8�C�C�B*C�C 4 IN8 <�4 GEUH=98 > 8�DL( * I�U@8 �J0K2 4 C�8�G�B&? < = < IN8�?�I�6 *[4 (YB > 8_I�U@B < 8 4 GEU7=98 > 8�DH( *
C 4 ?HD@B R 6 *�< 8�698�G�I�=>? , INC 4 ? < G�Ct= M I�=9B&? <F9 I�U@8�C�8�= < B&?H6 *`46> 8�C *`< 6>= , U�I�= R�M C�B > 8 R 8�?�I�=>?kCE8�G�B , ?H=9I�=9B&?
4 G�G�J@C 4 G * =>?W(YB*I�U�G 4*< 8 <�K B*C P U_� U��;. � ? , 8�?H8�C 4 6 9 I�U@8 M 8�C K B*C R_4 ?HG�8 4 GtUH=98 > 8�D ( * I�U@8 �J0K2 = <
4 6 R B < I
J7?H= K B*C R 6 * =>? K 8�CE=9B*C�INB_I�U 4 I�B K A�3 ' K B*CS(VB*I�U <�M 8 4�O 8�C <F.
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4*< =>? M J@I�INBdI�U@8 �J0�2 K B*C

A
4 D �
��� " A ( D � ��
��;. � ? 4 DHDH=9I�=9B&?\INB�I�U@8 M 8�C K B*C R_4 ?7G�8 <�4 GtUH=98 > 8�D ( *

A�3(' 4 ?HDZI�U@8 �J0�2 9 I�UH8 (Y8 < I 4 GEUH=98 >�4 (7698 M 8�C K B*C R_4 ?7G�8 <
4 ?HDkI�U@8 M 8�C K B*C RW4 ?HG�8 <
4 GtUH=98 > 8�D ( *
C 4 ?HD@B R 6 *W< 8�698�G�I�=>? , INC 4 ? < G�Ct= M I�=9B&? <�4 C�8 4 6 < B < U@B�A
? .

m }��
	�� }�
�w,x�n�|.{Vs u7s�}�� } v��0} zdo { x�w��

3 = , JHC�8 );. � < UHB.A <�4�M 69B*I�B K I�UH8�C�8�G�B , ?H=9I�=9B&? M 8�C K B*C RW4 ?HG�8�B-(HI 4 =>?@8�D ( * J < =>? , I�U@8 < = R�M 6>=9878�D
M C�B-( 4 (7=>6>= < I�=>G R B�D@8�6�DH8 < G�CE=)(Y8�DT=>? #�MHM 8�?HDH= = : INB�C�8�P < G�B*C�8[INC 4 ? < G�Ct= M I�=9B&? < J M INB 4 D@8 M I�U
B KCD & 5 � � K B*CfI�U@8 <NM 8 4�O 8�C �
��� " 9 A
U@8�CE8aI�UH8^G�B&?HDH=9I�=9B&? 4 6 M CEB-( 4 (7=>6>=9I�=98 < =>? � 	,J 4 I�=9B&? < );.85 P
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=>? M J@I�INB 4a< = R_M 6>=9878�D M C�B-( 4 (7=>6>= < I�=>G R BgD@8�6 B K INC 4 ? < G�Ct= M I�=9B&?ZC�8�P < G�B*CE=>? ,�K B*C ����� " .5� ? 4 DHDH=9I�=9B&?
INBkI�U@8 M 8�C K B*C R_4 ?HG�8 <�4 GEUH=98 > 8�D�( *HA�3(' 4 ?7DhI�U@8 M C�B-( 4 (]=>6>= < I�=>G R BgDH8�6 9 I�UH8I(Y8 < I 4 GtUH=98 >�4 (7698
M 8�C K B*C RW4 ?HG�8 4 ?HD`I�U@8 M 8�C K B*C RW4 ?HG�8 4 GEU7=98 > 8�D ( * C 4 ?HD@B R 6 *�< 8�698�G�I�=>? , INC 4 ? < G�CE= M I�=9B&? <�4 C�8 4 6 < B
< U@B.A�? .
#�< A 4*< B-( < 8�C > 8�D =>? 3 = , J@C�8 );.CB;9 I�U@8�CE8�G�B , ?H=9I�=9B&? 4 G�G�JHC 4 G * = R�M CEB > 8 <�K B*C P Ub� U �;. � ?

I�UH= < G 4*< 8FU@B�A�8 > 8�C 9 I�UH8 M 8�C K B*C R_4 ?HG�8 < I 4 C�I < INBWD@8 , C 4 DH8 4 I 4 69B.A18�C�D@8 M I�U
A
� 6 P � D+9V4 ?7D^I�U@8

C 4 IN8�B K D@8 , C 4 D 4 I�=9B&?^= <�4 6 < B�G�B&? < =>D@8�C 4 (76 * =>?HG�C�8 4*< 8�D .�3 UH= < (Y8�U 4G> =9B&J@C�= < DHJH8�INBfI�UH8#DH8�G�C�8 4*< 8�D
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 2 D 4 I 4J9V4*< G�B R�M]4 C�8�DdA
=9I�UdI�UH8 
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3 U@8FC�8 < JH69I < B-(HI 4 =>?@8�D K B*C#8 4 GEU[B K I�UH8 
 2 <NM 8 4�O 8�C < J < =>? , G�B R (7=>?@8�D A�3(' P �J0K2 69B ,dM C�B-( 4 P
(7=>6>=9I *^< G�B*CE8 <F9 =>?HG�6>JHD7=>? , I�U@8 � >�4 6>J@8 < J < 8�D 9H4 C�8�=>6>6>J < INC 4 IN8�DZ=>? 3 = , J@C�8 );. );.9# 69I�UHB&J , U D�& 5 � �
INC 4 ? < G�CE= M I�=9B&? < A�8�CE8�C�8�P < G�B*C�8�D K B*C�8 4 GEU`IN8 < I < 8�I�J@ININ8�C 4 ?7G�8 6 579 I�U@8 M 69B*I <�< U@B�AXB&?H6 * I�UH8�C�8 < JH69I <
B-(HI 4 =>?@8�D^J M INB � &�P � 9 =>?�B*CtD@8�C(INB M C�B > =>D@8 4 D7DH=9I�=9B&? 4 6 D@8�I 4 =>6 4 I�69B�A >�4 6>J@8 < B K�� � (YB*I�U�I�U@8
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