
 
 

E
S

E
A

R
C

H
R

E
P

R
O

R
T

I
D

I
A

P

���������	��
����
�������������������� 
��������! "��#$�%�&���(')�
�%� � �* $�+���
�,�%�!�-�.� � /0�-�- 1�324��5 67598:
-;=<">0?@2
�A�-�9�!� /B�DC�2�EF�-� �%� �$2�GBH�� �JI��1�K� �-�1L
#%MN
0�N��OQP"RTSVU%WXSYWDUBRZW1W[R1R� ��; OQP"RTSVU%WXSYWDUBRZW1W[R�U
��\�]^�1� �`_Na-bdc%aDe%fDc"g�fDe%hBgji"g�fNk�lJb�m
� �d�n�D�*�D���Tm%e1eDk�onp1pdq1q1q�l
gji"g�fNk�lJb�m

r s t svuxw`szy r {v|vw^} ~�sv|zy���w`s��
������� y��

�������`�@�4�����������`���4���&�A�d�v� �^¡£¢X¤¥�A�¦�A�@�¨§�����©ª�¬«­¢A®4��¯N�)���

°B±²°-³²´4µQ¶·¶�¸F¹�º-¹F»

¼T½7¾7¿¦ÀÁ¸F¸�Â





�����������
	��
	����
�����
	������
���������� 

!#" $%"'&�(�"') !+*',-(�. /0"',-)213(4"�5 687:9<;=)?>

@�AB�C	�DFEG�H�I�KJ
L8	��C�GMF����ABDON=�QPR�QST�UD-��DFE=V�	4�
W�	YXR��ZF�C[\���CE

]U^`_`acbQd�dQe

fhg�ikjkl�m�nCjCoqpFr4sutwv�x
vQy{z|v4z}y{t~yk���}t|���Hy�z}��s�y{�=����x
���
����s���yKx
���4s���s�����y{��su�4�Rt���t��}yk�T�U��r�s���r��{z}y�x��}y{t�x
t~y�x�z}��r�x�����yhsu���4y{���
��t~vQykyk��r��k�
���}y{����yk���Qy�����y���s����4s��
s��}s��kyk�2x����4s��T���uy{tk��pFr4s�t�t���t��}yk� sut|��x�t~y����C�
�C��z|z}y{�kyk���}�¡��v4z}�
vQ�Ct~y�����¢£s���yhx
���4s���t~yk�
�£yk����x��}s��C���}yk��r��4su¤��4yktk��¥�t|�}r4yK��x���x�x�z~z}s��Hykt|�k�C���}s������
��t~�¡���
�}r�y�t��4t��}y{�¦��z}t��§������t¨�Q�C�4���4x�z}s�ykt©�
�ª�}r�y�x
�k�
��t��}s���x
���¡��r��C�£�
�Cyk�4�C�4t¨t~yk�C�£y{���}tk�|«0y{�����Uykx
��r��
�ª�}r�ykt~y
t~yk�C�£y{���}t0s�t¨�k�ux
t~t~s¡��yk��x
t©t~vQy{yk��r¬�¬����t~s��|�
z<­�®u¯
°²±�³}´§�k�ux�t~t~yktk�U��r4y{z}y<�£s¡���}�4z}ykt0x�z}y<�4y{����y���x�t¨z}yk�Cs��C�4t
��r�y{z}yµt~vQy{yk��rKx��������}r�y{z¶�4�C�4·¸t~vQyky{��r<t~�
�����4t¶x�z}yµv�z}ykt~yk���¶t~su�����¡��x
�4yk�C�4t~�¡�<x������4�
�}s��ky�x����¡���`pFr�y�t~vQyky{��r
t~yk�C�£y{���}t�x�z}yF�}r�y{���k���4t��}y{z}y��|�}�
�Cy{�}r4y{z¹�}�§v�z}����su��yF�k�C�4t~s�t��}yk���`t~vQy�x
ºHy�z`�»x��Qyk��tk�¶pFr�yFt~vQy{yk��r�x
���|�£s¡���}�4z}y
t~yk�C�£y{���}t�x�z}yª�k�C���Hy{z~�}yk�©�}�µ�}y{������sux�x
�|¥¨¼�½�t���t��}yk�T��pFr4y¶z}y{t~���¡�}s����0�G�
z���t¹x�z}y¶�}su�£y�·Bt���x��£vQy��0�}�
�Cy{�}r4y{z
��s¡�}r��
�}r�y�z��£y{��x
��x���xRs��4�¾��z}�Kx��}s��C�I¿²t~vQykx
ºHy{z�su�4yk���}s¡�\����t~vQykyk��r��k�C���Q��yk���kyKt~�k��z}y�À|s���x���Á©ÂTÃY���uy£�}�
z�x
v4s»���¡�
s»��yk���}s¡�Ä�Åx
����x��k�kykt~t©��x�z}�Cy{�wt~yk�
�£yk���}tk�|Æ\�
�}r�s�t¨v�x�vQy{z��¬�Fy£x���x
�¡���ky��}r4y�vQy{z~�Ä�
z}�Kx����ky�x��wy�x���r
t���x
�
yµ�
���}r4sut`x�����su�0s����4y��4s��4�§t���t��}yk�Çx
����x���t~�©�k�C�£v�x�z}yFs¡�¹��s¡�}r��}r4yFvQy{z~�¾��z}�Kx
�4�kyF�
���}r�yF�k��z~z}ykt~vQ�C���4s����
�
¢£s��4y©�£���4����yktk�



� ���������
	��
� d��������

� ����������� �"!#�%$&���

')(+*-,.*-,�/�021435/762*98;:=<�6?>+(A@�(B*�/71DCE*�85F�0;G2/IHJ05K�0;L?(A>A(B*�(+/MCN056�1O*�,?/�K?F-82>+(+:P/JF�0Q*�(+826O8;:=*�,?/�<�C-/I8;:R(+6�*-/7F-6�/&*7ST(+*9,�05C
L�/7HJ85@�/U6�/7H&/MC-C�0;F�V
*�8ICW*-85F�/X(A64:P85F�@Y0Q*�(+826Y(+6�C-<�H�,Z0\[]0^V�*-,�0;*#0;6_V�K�0;F-*`85:�(B*]HJ0;6YL�/a02HJHJ/7C�CW/M1�[
(+*-,b@�(+6?(A@Y0;>
c /JV4CW*-F�8 c /MCJdfe_(A6�HJ/gCW(AG56�(BhiH70;6�*Z:PF�05H&*-(A856)8;:\*�,?(jCb1?0;*�0k(jCZ(A6)*�,?/ :P82F-@l8;:I05<�14(A8�S
(+*b(jCZ(A@�K�85F-*�056�*�*-8m14/&n
32/J>A85K�*-/7H�,�6?(Ao�<?/MC#6?/7HJ/7C�C-05F-V�:P85F#(A6�14/&p4(A6?G�0;6�1bL?F�8Q[XCW(A6?GIC-<�H�,b1�0Q*�0�L�02CW/M1Z856b(B*�C
H&8262*�/J6�*7d�q],?/a*-/MH�,?6?(jo�<?/7C
,�(+G2,?>+(AG5,�*�/71k(A6r*�,?(AC�K�05Ki/7F�05F-/Z@�8�CE*�>+Vk0;<i14(+8.CW/7G5@�/J6�*�0;*-(A856k*�/7H�,?6�(Ao�<?/MC
>A( c /b05HJ85<�CW*-(jH�H�,i0;6?G2/�14/&*�/7H&*-(A856�S
C-K�/J/7H�,ts^6?8264nuC-K�/J/7H�,�H&>j05C�C-(BhiH70Q*�(+826�056�1YCWK�/70 c /7F=H&>A<�CE*�/JF�(+6�G�d%q],?/7C-/]*-/MH�,?6?(jo2<�/7C�/Jp�*�F�02Hv*`H�,�05F�02Hv*�/JF�(ACW*-(jH`(A64:P82FWn
@Y0;*-(A856 82FX@�/&*�021?0Q*�0Y[
,?(jH�, (jCX35/7F-Vb<�C-/&:P<?>w:P85FNCW<�H�,g(+6�1?/&p4(+6�GZ8;:`05<�14(A8Z1?0Q*�0?dUq],?/MCW/�0;<�14(A8�C-/JG2@�/76�*�0Q*�(+826
*�/7H�,?6�(Ao�<?/MC\0;>jCW8b@�0 c /�<�C-/&:P<?>�K?F�/&nuK?F�84H&/7C�C-(+6?G�:P85F\xX<?*-85@Y0;*-(jH�e4Ki/7/7H�,zy
/7HJ85G56�(B*�(+826m{|xNe4yU}NC-V_CW*-/7@"S�[
,?(jH�,
(jCN0;>jCW8Z056 (+6�*�/JG5F�0;>~K�0;F-*U8;:`056_V�05<�14(A8Z(+6i14/&p4(A6?G�C-V_CW*-/7@"dU�?82FU/&p?05@�K�>+/2Si(j14/J6�*�(B:PV_(A6?G�6?8264n�CWK�/J/MH�, CW/7G5@�/J6�*�C
(A6.*-,?/�0;<�1?(+8"CE*�F-/M0;@�0;6i1 K?F�/J32/J6�*-(A6?GZ*�,?/J@�:PF-82@�F-/MH&85G26?(+*-(A856O[#85<?>j1gC�0^35/�H&85@�K?<?*�0Q*�(+826 *�(+@�/�(+6zxae4y�05C
[#/J>A>i02C=F�/7C-<?>+*`(+6Y@�82F-/X@�/M0;6?(A6?G;:P<�>?*-F�0;6iC-HJF-(AK4*-(A856~d��O82F-/78Q35/7F7SQF�/7C-/705F�H�,?/7F�C�,�0^32/XH&>A/705F->AV�C-,?8Q[
6�*-,�/XKi8�CW(+*-(A35/
(A@�K�05H&*#85:�:P<?F-*-,?/7F
H&>A<�CE*�/JF�(+6�GI8;:w(A14/76�*-(+h�/71bCWK�/J/MH�,bC-/JG5@�/762*�C=(A6�*�/JF�@YC`85:wCWK�/70 c /7F�Ca{|C-Ki/M0 c /7F#HJ>+<iCE*�/JF�(+6?G_}�826
*�,?/X*�F�056�C�H&F�(+K4*�(+826Y05HJHJ<?F�05H&Vb�B�J��d%��6�*-,�/UK?F�/7C-/J6�*`C-V_CW*-/7@"S�05>+>�*-,?(jCRCW*-F�<�H&*-<?F�0;>?(A64:P82F-@Y0Q*�(+826�*-85G2/&*�,?/JFR[
(B*�,�*-,?/
xNe4y�85<4*�K?<4*
(AC#*�(+@�/JnuCW*�05@�K�/71�0;6i1Z[
F�(B*-*-/J6�(A6�*�,?/U:P82F-@�8;:w056��a�g�ghi>+/2S4[
,?(AH�,�HJ056bL�/a<iCW/M1Z*�8�HJ856�CW*-F�<�Hv*
,�(+G2,?>+V�CW/7>+/MHv*�(+32/9C-/705F�H�,�o�<?/JF�(+/MCR:P85FXF�/&*�F-(A/J3_(A6?G�C-K�/7H&(+hiH\HJ856�*-/762*]:PF�85@�>j0;F�G5/90;<i14(+8Y05F�H�,?(A35/MCJd
xf6�<�@IL�/JFU85:`CW(A@�(+>j0;FaCWV4CW*-/J@YCU,�0^35/\L�/J/76OK?F-/73_(+82<�CW>AV�/Jp4K?>A05(+6�/71"(A6O*-,?/I>+(+*-/7F�0;*-<?F�/�� � S��Q��dXq],?/�CWK�/70 c /JF

C-/JG2@�/J6�*�0;*-(A856 @�8414<?>A/7CN(A6 *-,�/7C-/�C-V4CE*�/J@YCa05F-/�8;:�*�/J6gLi05C-/71 826g��82G;n���( c /7>+(A,?8_841OyX0Q*�(+8z{|�w�~yU}U85F9�]0^V5/7C-(j0;6
��6?:P85F�@�0;*-(A856r�RF-(+*-/7F-(A856�� �;�R0;6�1D14/7Ki/76�1D856.056D021^�E<�CW*�05L?>+/�*�,?F-/MCW,�85>j1g3Q0;>A<?/2S�[
,?(jH�,.>A/70^32/I*�,?/YCWV4CW*-/J@�>+/MC-C
F�85L�<�CE*#*-8�<?6�C-/J/76�1?0;*�0�H&856i14(B*�(+826�C7d%� 85F�/J8Q35/7F7S2CW(AG56�05>tK?F-84HJ/7C�CW(A6?G�{�H&/JKiCE*�F�05>j}`L�05C-/71Z@�/J*-,?841?C]05F-/aG5/J6�/JF�0;>A>+V
05K?K?>A(+/M1O:P82FaC-Ki/7/7H�,�sQ6?8564n�C-Ki/7/7H�, H&>j05C�C-(BhiH70Q*�(+826�Si[
,�(AH�,g1?8�6?85*9HJ85F�F-/7>A0;*-/
14(AF-/MHv*�>+V"[
(+*-, *�,?/�F-/MH&85G26?(A�70;L�(+>A(B*EV
85:t09C-/JG2@�/76�*�:P82F=09G5(A35/76�C-Ki/7/7H�,�F-/MH&82G56?(A�J/7F�056�1�F�0;*-,?/7F%HJ>A02C-C-(+:PV\*-,?/XC-(AG56�05>4L�05C-/71�856�(+*�C�05HJ85<�CW*-(jH#Li/7,�0^3_(+82F7d
yX/7H&/76�*->AV5S�[#/�,i0^35/�K?F-82Ki8�CW/M1O6?8Q32/J>�*-/MH�,?6?(jo2<�/7CN:P85F\C-Ki/M0 c /JF9H�,�0;6?G2/�1?/&*-/MHv*�(+826�� �M�uS~CWK�/J/MH�,�s^@�<�C-(AH�14(jCEn

HJF-(A@�(+6i0Q*-(A856�� �^�X056�1rC-Ki/M0 c /7FIH&>A<�CW*-/7F-(A6?Gm���7�udDq],�/7C-/�[#85F c CI051?14F�/7C�C-/71D*-,�/Z*-,�F-/7/�K?F�85L?>A/J@YC�(+6i14(+3_(j14<�05>+>AV5d
�U8Q[R/735/7F7S�(+6"0;6�0;K?K�>+(jHJ0;*-(A856�S4C-<�H�,b02C=*�,?/9K?F-82Ki8�CW/M1Z0;<i14(+8�(A6�14/&p4(A6?G�CWV4CW*-/J@"S�*-,�/a*�,?F�/J/N@�8414<�>+/MC
0;6�1Z*-,?/7(+F
K�/JF-:P85F�@Y0;6�HJ/�05F-/�H&>A/705F->AV"F-/7>A0;*-/M1Td��O82F-/78Q35/7F7S�85<?F9/M0;F�>+(A/JF9[#85F c 826DC-K�/J/7H�,ts^@I<iCW(jHI14(jC�H&F�(+@�(A6�0Q*�(+826m� �Q�`0;6i1
C-K�/70 c /JF
HJ>+<�CW*-/7F-(A6?Gk���M�`@Y0 c /�<�CW/Y85:]05>+>%*�,?/�1?0;*�0z{P,�/J6�HJ/�0;F�/�F-/J:P/JF�F-/M1 (A6z*-,?(jC\K�05Ki/7F
05C\85��(A6?/^}a*-8O@Y0 c /
G2>+82L�0;>%14/MH&(jCW(A856�C7ST[
,?(jH�,g(jCN6?8;*9Ki8�C-C-(AL?>+/�(A6 *-,�/�K�F-82Ki8�CW/M1O856?>A(A6?/I:PF�0;@�/7[R82F c [
,?/JF�/�14/7HJ(AC-(+826�Ca,�0^35/I*-8�Li/
@Y0214/\<�C-(+6?G�*�,?/
1?0Q*�0�*-,�0;*X,�05C
05F-F�(+32/71bCW8�:|0;FMd
x L�>+84H c 14(j0;G2F�05@¡8;:N*-,?/O0;<i14(+8z(A6�14/Jp_(A6?GkC-V_CW*-/7@¢(jCZCW,�8Q[
6£(A6¤��(AG5<?F�/z�5d¤q],?/ 0;<i14(+8k1?0;*�0_¥Z(jC�h�F�CE*

C-/JG2@�/J6�*-/M1 (A6g*�/JF�@�CN85:R05HJ85<�CW*-(jHJ05>+>AV",?85@�85G2/J6?82<�CNCW/7G5@�/J6�*�CN(A6 *�,?/YCW/7G5@�/J6�*�0;*-(A856.@�8414<�>+/�<�C-(+6?G�/&p?02Hv*->AV
*�,?/�*-/MH�,?6?(jo�<?/�K�F-82Ki8�CW/M1 (A6�� �^�`056�1O*�,?(AC9(jCN:P<?F-*-,?/7F\/&p4K?>j0;(A6?/71g(+6ke_/MHv*-(A856 � d�¦`02H�,g8;:R*-,?/MCW/�,?82@�82G5/76?85<�C
C-/JG2@�/J6�*�Ca(AC9HJ>A02C-C-(Bhi/71 02CaC-Ki/7/7H�,�ST6�8564n�CWK�/J/MH�, 85FN@�(Bp_*�<?F-/�H&>j05C�C7Si[
,?/7F-/�*-,�/�@�(+p�*�<?F�/7CN0;F�/�14/Jh�6?/71g(+6.*-,�(AC
Ki0;K�/JFa02C
F�/JG5(A856iC][
,?/JF�/
L�8;*-, C-K�/J/7H�, 056�1"6?8264nuC-K�/J/7H�,O05F-/\K?F�/7C-/J6�*UC-(+@�<?>+*�0;6�/J85<iCW>AVb056�1"6?8;*�(AHJ/705L?>+V2d#q],�(AC
(jC
14826?/Y<�C-(+6�Gb*�,?/Y*�/7H�,?6?(jo�<?/YL�02CW/M1g826D85�Y(+6?/YC-Ki/7/7H�,�sQ@I<�C-(jH�C-/JG2@�/J6�*�0;*-(A856.:PF�05@�/7[R82F c K�F-82Ki8�CW/M1g(A6)� �;��S
,�8Q[R/735/JFMS�@�8414(Bhi/71m*-8DLi/"<�C-/71m(A6£*�,?/"K?F-/MCW/76�*YH705C-/�85:a856�>+(A6?/"K?F�8_HJ/7C�CW(A6?Gid£q],?(jC�@�8414<�>+/MC�(jC�/&p4K?>j0;(A6?/M1
(A6me_/MHv*�(+826r�?dgq],?/bCWK�/J/MH�,rCW/7G5@�/J6�*�C�0;F�/�:P<?F-*-,?/7F�G2F-82<?Ki/M1D85F�HJ>+<iCE*�/JF�/71D*-82G5/J*-,?/7F
*-8gK?F-8Q3_(j14/ZH&826�C-(ACW*-/762*
C-K�/70 c /JF]>j0;L�/J>jC](+6�*-,�/
CWK�/70 c /JF]H&>A<�CW*-/7F-(A6?G�@�8_1?<?>+/2d=¦=32/JF�VZCWK�/J/MH�,�C-/JG2@�/76�*]14/J*-/MHv*-/M1�L�VZ*-,?/
C-/JG2@�/76�*�0Q*�(+826
@�8414<?>A/
(jC
H&82@�Ki0;F�/71b[
(B*�, 0;>A>t*-,?/
K�F-/73�(A85<iC
H&>A<�CE*�/JF�C]<�C-(+6?GZ0�@�/JF�G5(A6?GYH&F�(+*-/JF�(A856�d=q],?/
1?/7H&(jC-(+826b@Y0 c (A6?GY85F
@�/7F-G2(+6?G\HJF-(+*-/7F-(A856�<�C-/71�(+6�*-,�(AC�@�8414<?>A/
[]05C�h�F�CE*=K�F-82Ki8�CW/M1
(A6�*�,?/
8;�Y(A6?/XC-Ki/M0 c /7F�H&>A<�CE*�/JF�(+6�Ga:PF�0;@�/7[R82F c ���M�
056�1�(jC�:P<?F-*-,?/7F`/Jp_K�>A05(+6?/M1�(+6�e4/7Hv*�(+826Y��d%q],?(jC`0;>jC-8\K?F-8Q3_(j14/7C�056Y/&§ZH&(A/J6�*R05>B*�/JF�6�0Q*�(+32/]*-8
85�Y(+6?/aCWK�/70 c /JF=HJ>+<iCEn
*�/JF�(+6�GI0;K?K�F-8�05H�,"� �7�uS�[
,?/JF�/X[#/XCE*�0;F-*=:PF-82@¨<?6�(B:P82F-@�>AV�C-/JG2@�/76�*-(A6?G9*-,?/a1?0Q*�0\(+6Y>j0;F�G5/
6_<?@�Li/7FU{P,�/J<?F�(ACW*-(jHJ05>+>AV
1?/&*-/7F-@�(A6?/71i}U85:#HJ>+<�CW*-/7F�C7d�©a<?F9F�/7C-<?>+*�C�{PK?F�/7C-/J6�*�/71.(+6ke_/7H&*-(A856z�5}NCW,�8Q[ª*-,�0;*N*�,?/�Ki/7FW:P82F-@Y056�H&/�8;:R*-,?/�*E[#8
05K?K?F�8202H�,?/7C�{P826?>A(+6?/Z056�1D8;�Y(A6?/M}\05F-/�32/JF�VgCW(A@�(+>j0;FMS�,?8Q[#/J32/JFN*-,�/�05143Q0562*�0;G2/�85:R*�,?/Y856�>+(A6?/Z0;K�K?F-8�05H�,.(AC
0
@�<�H�,"F-/M14<�HJ/71�H&85@�K?<?*�0Q*�(+826�0;>�HJ85@�K?>A/&p4(+*EV5d
q],�(ACaK�0;K�/JF90;6i0;>AV��7/7C]*�,?/�Ki/7FW:P82F-@Y0;6iH&/
85:�*-,?/�0;<�1?(+8Z(A6�14/Jp4(+6?G�0Q*N/J35/7F-V"CW*�0;G2/
8;:`05<�14(A8bC-/JG2@�/76�*�0Q*�(+826

(A6.e_/MHv*�(+826g�4d
q],?(jCXK�05Ki/7FU0;>jCW8Y,�(+G2,?>+(AG5,�*�C
*-,�/I14(+«�/7F-/76�H&/MCXL�/&*E[#/J/J6"*�,?/
@�8414<?>A/7CU(+6O*�,?(jCX(A6�14/&p4(A6?G�C-V4CE*�/J@
056�1"H&82F-F�/7C-Ki826�14(A6?GI85�Y(+6?/
C-V4CE*�/J@YC
0;6i1�K?F�/7C-/J6�*�C
0�HJ85@�K�05F�0;*-(A35/9CE*�<�14V�85:~*�,?/J(AFXK�/JF-:P85F�@�056�H&/2d

¬�­g®�¯E°J±^¯E²^³E¯`´v²a³uµQ¶�·�¶�³E¸�¯E·�¹�®|¸�¹�³`¶�³E´v±^®�¸�¹�³�ºA¯W¶�¸�±^·�¯%»&¯E³�¸�´v·�®-¼Q½9¾?¿�¿



���������
	��
� d�������� �

Incoming Audio Stream

1) Segmentation

2) Speech/Non-speech Classification

Speaker Cluster Index

3) Speaker Clustering

4) Speech Recognition

5) Resynchronisation

Output XML Stream

Non-speech Mixture Speech

Confidence Score

Start/End Times

Speech Words

Word Timings
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