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Pokyny pro vypracování:

Cílem práce je návrh expertního systému pro identifikaci dominantní projevované emoce z hlasu mluvčího. Navržený
systém bude schopen určovat příslušnost hlasem projevované emoce k jedné ze šesti sledovaných kategorií vycházejících
z teorie základních emocí [4] a využívaných v současných validovaných datasetech. V rámci práce bude dále simulací
otestována přesnost systému při analýze hlasu z VHF/UHF vysílaček.
Student v rámci práce analyzuje a použije dostupné relevantní validované datasety (EmoDB, RAVDESS, CREMA-D) a
metody pro hodnocení hlasu. Vybranou metodu následně implementuje a na základě experimentů navrhne její parametry
pro klasifikaci. Student otestuje přesnost systému pro jiné slovní fráze než ty, které byly součástí trénovací a validační
množiny.
Hlavní úkoly:
1) Analyzujte dostupné validované datasety EmoDB, RAVDESS a CREMA-D.
2) Navrhněte metodu analýzy hlasu včetně její architektury, augmentace dat a případné extrakce příznaků.
3) Na základě experimentů navrhněte parametry vytvořeného systému a srovnejte jeho přesnost s jinými state-of-art
řešeními.
4) Otestujte a zhodnoťte přesnost systému pro jiné slovní fráze než ty, které jsou součástí trénovací a validační množiny.
5) Simulací omezením frekvenčního pásma a přidáním umělého šumu otestujte a zhodnoťte přesnost systému při analýze
hlasu z VHF/UHF vysílaček.
6) V jazyce Python implementujte aplikaci pro demonstraci navrženého systému.
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�i�ü�Q�/ �� �D�2 �F�Q�K�T���i�B�#�B�H�M�Q �T�Q�m�x�2 �b�2 �b�B�;�K�Q�B�/�Q�m �D���F�Q �p�w�b�i�m�T�M�Q ���F�i�B�p���Í�M�Q �7�m�M�F�+�Q�X �.�`�m�?�w�K

�ê�ë



�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`�ì�`�ê �B�Ó�•�¡�Å �Ì�¡�ó�ã�Ó�Ì�ó

�i�v�T�2�K �D�2 �F���i�2�;�Q�`�B�+�F�€ �F�ü�Q�ˆ�Q�p�€ �2�M�i�`�Q�T�B�2�- �F�i�2�`�€ �D�2 �F�Q�K�T���i�B�#�B�H�M�Q �T�Q�m�x�2 �b�2 �b�Q�7�i�K���t�2�K�X
�E���i�2�;�Q�`�B�+�F�€ �F�ü�Q�ˆ�Q�p�€ �2�M�i�`�Q�T�B�2 �b�2 �p�v�m�ˆ�Q�p�€ �T�ü�B �F�H���b�B�}�F���+�B �/�Q �D�2�/�M�û �x �p�Q�+�2 �M�2�ˆ �/�p�Q�m
�i�ü�Q�/�X �E���i�2�;�Q�`�B�+�F�€ �F�ü�Q�ˆ�Q�p�€ �2�M�i�`�Q�T�B�2 �b�2 �p�v�T�Q�Í�Q�i�€ �T�Q�/�H�2 �M�€�b�H�2�/�m�D�Q�+�Q�?�Q �p�x�i���?�m�,
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�S�ü�B �F�H���b�B�}�F���+�B �/�Q �L �i�ü�Q�/ �D�2�(�„ �#�m�å �y�- �T�Q�F�m�/ �p�b�i�m�T�M�Q �/���i�� �M�2�T���i�ü�Q �/�Q �B�@�i�û �i�ü�Q�/�v�X �L�2�#�Q
�R�- �T�Q�F�m�/ �M���Q�T���F �/���i�� �/�Q �/���M�û �i�ü�Q�/�v �b�T���/���D�Q�-�Þ�(�„ �D�2 �T�`�2�/�B�F�+�2 �b�Q�i�ÿ�X

�ì�`�ê�`�ì �I�à�î�´�Ë�‰�Å�´���Š�î�Ó�ã

�C���F �D�b�2�K �D�B�ˆ �x�K�Q�M�B�H�- �/�B�K�2�M�x�2 �T�`�Q�b�i�Q�`�m �p���? �D�2 �T�ü�Q�H�B�� �p�2�H�F�€ �M�� �i�Q�- ���#�v�+�?�Q�K �M�����H�B �;�H�Q�#�€�H�M�Q
�K�B�M�B�K�m�K �M�2�#�Q �M�����H�B �Q�T�i�B�K�� ���M���H�v�i�B�+�F�v�X �w �i�Q�?�Q�i�Q �/�i�p�Q�/�m �b�2 �Q�T�i�B�K�� �?�H�2�/���D�Q �B�i�2�`���i�B�p�M�ÿ
���F�i�m���H�B�x���+�Q �p���? �� �Q�p�ÿ�ü�2�M�Q�K �T�`�Q�b�T�ÿ���M�Q�b�i�B �D�2�D�B�+�? ���F�i�m���H�B�x���+�2�X �E �i�Q�K�m �M�€�K �b�H�Q�m�ˆ�Q �Q�T�i�B�@
�K���H�B�x�€�i�Q�`�X �S�`�Q �p�v�i�p�Q�ü�2�M�Q �D�2�/�M�Q�/�m�+�?�û �T�ü�2�/�b�i���p�v�- �D���F �b�2 �T�Q�?�v�#�m�D�2�K�2 �p �T�`�Q�b�i�Q�`�m �p���?
�b�H�Q�m�ˆ�Q �Q�#�`�€�x�2�F�j�X�R�y�- �F�i�2�`�w �m�F���x�m�D�2 �;�`���7 �x�i�`�€�i�Q�p�û �7�m�M�F�+�2 �p �x�€�p�B�b�H�Q�b�i�B �M�� �M���b�i���p�2�M�Q �D�2�/�M�Q�@
�/�B�K�2�M�x�B�Q�M�€�H�M�Q �p�€�?�v�X �E�ü�B�p�F�m �;�`���7�m �U�?�Q�/�M�Q�i�v �7�m�M�F�+�2�V �p�����F �p �T�`���t�B �M�2�x�M�€�K�2 �� �M�2�H�x�2 �D�B
�b�T�Q�Í�Q�i���i�X �w�M�€�K�2 �T�Q�m�x�2 �?�Q�/�M�Q�i�m �7�m�M�F�+�2 �T�`�Q ���F�i�m�€�H�M�Q �M���b�i���p�2�M�Q �p���? �� �;�`���/�B�2�M�i �i�û�i�Q
�7�m�M�F�+�2�X

�I�–�ã�Š���¡�Ã �ì�`�ê�é�`�:�`���7 �x�i�`�€�i�Q�p�û �7�m�M�F�+�2 �p �x�€�p�B�b�H�Q�b�i�B �M�� �M���b�i���p�2�M�Q �p�€�?�v

�L�€�b�H�2�/�m�D�Q�+�Q �Q�T�i�B�K���H�B�x���Í�M�Q ���H�;�Q�`�B�i�K�v �D�b�Q�m �b�`�Q�p�M�€�M�v �p �Í�H�€�M�F�m �(�R�8�)�X� �̀$�ã�‰�•�´�¡�Ì�î �•�¡�ç�—�¡�Ì�î
�L�2�D�D�2�/�M�Q�/�m�����Q �Q�T�i�B�K���H�B�x���Í�M�Q ���H�;�Q�`�B�i�K�m�b �b�2 �M���x�w�p�€ �;�`���/�B�2�M�i �/�2�b�+�2�M�i�X ���H�;�Q�`�B�i�K�m�b

�b�T�Q�Í�Q�p�€ �p �T�Q�b�m�M�m �p���? �p �Q�T���Í�M�û�K �b�K�ÿ�`�m �;�`���/�B�2�M�i�m�X �:�`���/�B�2�M�i �/�2�b�+�2�M�i �K�€ �D�2�/�B�M�w
�T���`���K�2�i�` �@ �H�2���`�M�B�M�; �`���i�2�X �G�2���`�M�B�M�; �`���i�2 ���F�€�H�m�D�2 �p�2�H�B�F�Q�b�i �T�Q�b�m�M�m �p���? �p�x�?�H�2�/�2�K �F
�p�2�H�B�F�Q�b�i�B �;�`���/�B�2�M�i�m�X �C�2�b�i�H�B�ˆ�2 ���F�i�m�€�H�M�Q �M���b�i���p�2�M�Q �p���? �D�2�â�‰�- �T�Q�i�û ���F�i�m���H�B�x�m�D�2�K�2 �p�€�?�v�,
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�E�/�2�k �D�2 �H�2���`�M�B�M�; �`���i�2 ���� �D�2 �x�i�`�€�i�Q�p�€ �7�m�M�F�+�2�X
�L���b�i���p�2�M�Q �H�2���`�M�B�M�; �`���i�2 �D�2 �F�`�m�+�B�€�H�M�Q�X �S�Q�F�m�/ �#�m�/�2 �H�2���`�M�B�M�; �`���i�2 �T�ü�Q�H�B�� �K���H�w�- �#�m�/�2

�F�Q�M�p�2�`�;�2�M�+�2 �F �K�B�M�B�K�m �p�2�H�K�B �T�Q�K���H�€ �U�Q�#�`�€�x�2�F�j�X�R�R�V�X �L���Q�T���F �#�m�/�2�@�H�B �T�ü�Q�H�B�� �p�2�H�F�w�-

�ê�ì



�ì�` �C�¡�ó�ã�Ó�Ì�Ó���¢ �ç�¶�î�¤�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`

�I�–�ã�Š���¡�Ã �ì�`�ê�ê�`�J���H�w �H�2���`�M�B�M�; �`���i�2 �I�–�ã�Š���¡�Ã �ì�`�ê�ë�`�o�2�H�F�w �H�2���`�M�B�M�; �`���i�2

�K�i�ˆ�2 �M���b�i���i �Q�b�+�B�H���+�2 �M���/ �H�Q�F�€�H�M�Q�K �K�B�M�B�K�2�K �M�2�#�Q �9�T�H�M�û �T�ü�2�b�F�Q�Í�2�M�Q �K�B�M�B�K���- �/�Q
�F�i�2�`�û�?�Q �D�b�K�2 �b�2 �#�H�Q�ˆ�B�H�B �U�Q�#�`�€�x�2�F�j�X�R�k�V�X �E�`�Q�K�ÿ �i�Q�?�Q �K�i�ˆ�2 �M���b�i���i �b�B�i�m���+�2�- �ˆ�2 �b�2 �p�€�?�v
�/�Q�b�i���M�Q�m �/�Q �K�Q�b�i���- �F�/�2 �D�2 �;�`���/�B�2�M�i �x�i�`�€�i�Q�p�û �7�m�M�F�+�2 �i�û�K�ÿ�ü �M�m�H�Q�p�w �@ �T�H���i�2���m�X �:�`���/�B�2�M�i
�/�2�b�+�2�M�i �b�2 �b �i�Q�K �M�2�m�K�Q �p�v�T�Q�ü�€�/���i �� �M�� �i�ÿ�+�?�i�Q �`�Q�p�B�M�€�+�? �M���b�i���p�2�M�Q �p���? �m�p�€�x�M�2�X �S�ü�2�b�i�Q
�b�2 ���H�;�Q�`�B�i�K�m�b �Í���b�i�Q �T�Q�m�ˆ�Q�p�€ �T�`�Q �b�p�Q�D�B �D�2�/�M�Q�/�m�+�?�Q�b�i �� �`�v�+�?�H�Q�b�i �p�w�T�Q�Í�i�m�X

�S�i�p�Q�/�M�Q �;�`���/�B�2�M�i �/�2�b�+�2�M�i �T�Q�Í�Q�i�€ �b �i�Q�K�- �ˆ�2 �x�i�`�€�i�Q�p�Q�m �7�m�M�F�+�B �D�b�K�2 �p�v�T�Q�Í�Q�i���H�B �T�`�Q
�p���2�+�?�M�� �i�`�û�M�Q�p���+�Q �/���i���X �Ì���b�i�Q �i�Q �M�2�M�Q �K�Q�ˆ�M�û �F�p�i�H�B �p�2�H�B�F�Q�b�i�B �i�`�û�M�Q�p���+�Q�+�? �/���i �� �Q�K�2�@
�x�2�M�Q�b�i�B �Q�T�2�`���Í�M�Q �T���K�ÿ�i�B�X �S�`�Q�i�Q �p�x�M�B�F�H�v �/�p�ÿ �K�Q�/�B�}�F���+�2�X �S�`�p�M�Q �x �M�B�+�? �D�2 �a�i�Q�+�?���b�i�B�+
�:�`���/�B�2�M�i �.�2�b�+�2�M�i �U�a�:�.�V�- �F�i�2�`�w ���F�i�m���H�B�x�m�D�2 �p�€�?�v �T�ü�B �F���ˆ�/�û�K �T�`�i�+�?�Q�/�m �D�2�/�M�Q�?�Q
�p�x�Q�`�F�m �+�2�H�Q�m �b�Q�i�Q�X �.�Q�F�v �i�Q�K�m �F�Q�M�p�2�`�;�2�M�+�2 �F �Q�T�i�B�K�m �M�2�M�Q �T�ü�Q�K�Q�Í���`�€ �p�2 �p�x�i���?�m �F �+�2�@
�H�û�K�m �/���i���b�2�i�m�X �.�`�m�?�Q�m �K�Q�/�B�}�F���+�Q �D�2 �J�B�M�B�@�"���i�+�? �:�`���/�B�2�M�i �.�2�b�+�2�M�i�- �+�Q�ˆ �D�2 �p�H���b�i�M�ÿ
�F�Q�K�T�`�Q�K�B�b �K�2�x�B �T�i�p�Q�/�M�Q�K ���H�;�Q�`�B�i�K�2�K �� �a�:�.�X ���F�i�m���H�B�x���+�2 �p���? �b�2 �T�`�Q�p�€�/�Q �T�Q �T�`�i�@
�+�?�Q�/�m �m�`�Í�B�i�û�?�Q �K�M�Q�ˆ�b�i�p�Q �/���i �@ �/�€�p�F�v�- �#���i�+�?�2�X

�L�� �Q�#�`�€�x�F�m�j�X�R�j�D�2 �x�M�€�x�Q�`�M�ÿ�M�w �k�@�. �T�`�Q�b�i�Q�` �p���? �b �p�`�b�i�2�p�M�B�+�2�K�B �x�i�`�€�i�Q�p�û �7�m�M�F�+�2�X
�o�€�?�v �K�€�K�2 �M���b�i���p�2�M�û �p �T�Q�Í�€�i�2�Í�2�M�Q�K �#�Q�/�ÿ ���B�T�2�F�X �S�Q�F�m�/ �T�Q�m�ˆ�B�D�2�K�2 �;�`���/�B�2�M�i
�/�2�b�+�2�M�i �b ���F�i�m���H�B�x���+�Q �p���? �T�Q �T�`�i�+�?�Q�/�m �p���2�+�? �/���i�- �#�m�/�2�K�2 �F �Q�T�i�B�K�m �F�Q�M�p�2�`�;�Q�p���i
�T�Q �K�Q�/�`�û �T�ü�Q�K�+�2�X �S�Q�F�m�/ �T�Q�m�ˆ�B�D�2�K�2 �a�:�.�- �#�m�/�2 �F�Q�M�p�2�`�;�2�M�+�2 �T�Q�K���H�€ �� �T�Q�K�ÿ�`�M�ÿ
�+�?���Q�i�B�+�F�€ �@ �Í�2�`�p�2�M�û ���B�T�F�v �x�M�€�x�Q�`�š�m�D�Q �B�i�2�`���+�2 �a�:�.�X �w�2�H�2�M�û ���B�T�F�v �Q�/�T�Q�p�Q�/���D�Q �B�i�2�@
�`���+�Q�K �J�B�M�B�@�"���i�+�?�2�X �h�v�T�B�+�F�v �b�2 �b�M���ˆ�Q�K�2 �x�p�Q�H�B�i �+�Q �M�2�D�p�ÿ�i���Q �p�2�H�B�F�Q�b�i �#���i�+�?�2�- ���#�v
�F�Q�M�p�2�`�;�2�M�+�2 �#�v�H�� �+�Q �M�2�H�2�T���Q�X

�I�–�ã�Š���¡�Ã �ì�`�ê�ì�`�S�Q�`�Q�p�M�€�M�Q �F�`�Q�F�i �Q�T�i�B�K���H�B�x�€�i�Q�`�i �:�`���/�B�2�M�i �.�2�b�+�2�M�i �U�K�Q�/�ü�2�V�- �a�:�. �U�Í�2�`�p�2�M�ÿ�V
�� �J�B�M�B�@�"���i�+�? �U�x�2�H�2�M�ÿ�V �T�ü�B �?�H�2�/�€�M�Q �Q�T�i�B�K��

�ê�í
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� �̀B�Ó�Ë�¡�Ì�î�ó�Ë
�J�Q�K�2�M�i�m�K �D�2 �p�v�H�2�T���2�M�Q�K �;�`���/�B�2�M�i �/�2�b�+�2�M�i�m �Q �i�x�p�X �b�2�i�`�p���Í�M�Q�b�i�X �A�M�b�T�B�`���+�Q �T�`�Q

�p�x�M�B�F ���H�;�Q�`�B�i�K�m �#�v�H�� �7�v�x�B�F�€�H�M�Q �b�2�i�`�p���Í�M�Q�b�i�X
�L�� �Q�#�`�€�x�F�m�j�X�R�y�D�b�Q�m �p�€�?�v �x�M�€�x�Q�`�M�ÿ�M�v �F�`�m�?�2�K�- �M�B�F�Q�H�B�p �#�Q�/�2�K �M�� �p�Q�/�Q�`�Q�p�M�û

�Q�b�2�X �J�Q�?�H�B �#�v�+�?�Q�K �b�B �T�ü�2�/�b�i���p�B�i�- �ˆ�2 �i�2�M�i�Q �F�`�m�? �D�2 �i�ÿ�H�2�b�Q�- �F�i�2�`�û �b�2 �m�p�2�/�2 �/�Q �T�Q�?�v�#�m
�b�K�ÿ�`�2�K �F �K�B�M�B�K�m �7�m�M�F�+�2�X �E�/�v�#�v �i�2�M�i�Q �F�`�m�? �K�ÿ�H �M�ÿ�D���F�Q�m �?�K�Q�i�M�Q�b�i�- �i���F �#�v �b�2
�p �H�Q�F�€�H�M�Q�K �K�B�M�B�K�m �/�Q�F�v �b�p�û �?�v�#�M�Q�b�i�B �M�2�x���b�i���p�B�H �� �T�ü�2�D�2�H �/�Q �;�H�Q�#�€�H�M�Q�?�Q �K�B�M�B�K���X
�S�Q�F�m�/ �#�v �p �M�����2�K �b�p�ÿ�i�ÿ �T�i�b�Q�#�B�H�� �B �Q�/�T�Q�`�Q�p�€ �b�Q�H���- �T���F �#�v �b�2 �i�ÿ�H�2�b�Q �K�Q�?�H�Q �m�b�i�€�H�B�i �p
�M�����2�K �;�H�Q�#�€�H�M�Q�K �K�B�M�B�K�m�X

�S�`�Q�i�Q �b�2 �p ���H�;�Q�`�B�i�K�m �J�Q�K�2�M�i�m�K �p�v�b�F�v�i�m�D�2 �/�`�m�?�w �p�Q�H�B�i�2�H�M�w �T���`���K�2�i�` �U�F�`�Q�K�ÿ
�H�2���`�M�B�M�; �`���i�2�V�- �F�i�2�`�w�K �D�2 �b�2�i�`�p���Í�M�Q�b�i �U�K�Q�K�2�M�i�m�K�V�X ���F�i�m���H�B�x���+�2 �p���? �D�2 �x�€�p�B�b�H�€ �M�2�D�2�@
�M�Q�K �M�� ���F�i�m�€�H�M�Q�K �;�`���/�B�2�M�i�m �x�i�`�€�i�Q�p�û �7�m�M�F�+�2�- ���H�2 �i���F�û �M�� �?�v�#�M�Q�b�i�B�- �F�i�2�`�Q�m �p�€�?�v
�/�`�ˆ�Q �x �T�ü�2�/�+�?�Q�x�Q�+�? �B�i�2�`���+�Q�X

�J�Q�K�2�M�i�m�K �/�Q�F�€�ˆ�2 �2�7�2�F�i�B�p�M�ÿ �T�ü�2�F�Q�M�€�p���i �T�H���i�2���m �� �K�ÿ�H�F�€ �H�Q�F�€�H�M�Q �Q�T�i�B�K���X �E�Q�M�@
�p�2�`�;�2�M�+�2 �D�2 �Q�#�2�+�M�ÿ �`�v�+�?�H�2�D���Q �� �b �K�2�M���Q�K�B �Q�b�+�B�H���+�2�K�B �M�2�ˆ �m �:�`���/�B�2�M�i �.�2�b�+�2�M�i�m�X� �̀��•�‰�à�î�´���Ì�¶ �‰�Å�¬�Ó�ã�´�î�Ë�


�L�2�p�w�?�Q�/�� �T�ü�2�/�+�?�Q�x�Q�+�? �x�K�Q�M�ÿ�M�w�+�? �Q�T�i�B�K���H�B�x�€�i�Q�`�i �D�2�- �ˆ�2 �K�m�b�Q�K�2 �b�T�`�€�p�M�ÿ �x�p�Q�H�B�i
�D�2�D�B�+�? �T���`���K�2�i�`�v�X �S�Q�F�m�/ �D�b�Q�m �x�p�Q�H�2�M�v ���T���i�M�ÿ�- �M�2�/�Q�D�/�2 �F �T�Q�ˆ���/�Q�p���M�û �F�Q�M�p�2�`�;�2�M�+�B�X
�A �F�/�v�ˆ �T���`���K�2�i�`�v �x�p�Q�H�Q�K�2 �p�?�Q�/�M�ÿ�- �D�b�Q�m �T�Q �+�2�H�Q�m �/�Q�#�m �Q�T�i�B�K���H�B�x���+�2 �}�t�M�Q�- �+�Q�ˆ �M�2�M�Q
�ˆ�€�/�Q�m�+�Q�X �S�Q�F�m�/ �b�2 �#�H�Q�ˆ�Q�K�2 �F �Q�T�i�B�K�m�- �i���F �#�v�+�?�Q�K �B�M�i�m�B�i�B�p�M�ÿ �+�?�i�ÿ�H�B ���F�i�m���H�B�x�Q�p���i �p�€�?�v
�b �K�2�M���Q�K �H�2���`�M�B�M�; �`���i�2�K�X �S�`�Q�i�Q �#�v�H�v �p�v�p�B�M�m�i�v ���/���T�i�B�p�M�Q �Q�T�i�B�K���H�B�x�€�i�Q�`�v �D���F�Q �D�b�Q�m
���/���:�`���/�- �_�J�a�T�`�Q�T �M�2�#�Q ���/���K �U���/���T�i�B�p�2 �J�Q�K�2�M�i �1�b�i�B�K���i�B�Q�M�V�X �o �x�€�p�B�b�H�Q�b�i�B �M��
�x�K�ÿ�M�€�+�? �x�i�`�€�i�v �T�ü�B ���F�i�m���H�B�x���+�B �p���? �b���K�v �K�ÿ�M�Q �b�p�û �T���`���K�2�i�`�v�X �8�b�T�ÿ���M�Q�b�i �� �`�v�+�?�@
�H�Q�b�i �F�Q�M�p�2�`�;�2�M�+�2 ���/���T�i�B�p�M�Q�+�? �Q�T�i�B�K���H�B�x�€�i�Q�`�i �T�`���F�i�B�+�F�v �M�2�M�Q �x�€�p�B�b�H�€ �M�� �T�Q�Í�€�i�2�Í�M�Q�K
�M���b�i���p�2�M�Q �D�2�D�B�+�? �T���`���K�2�i�`�i�X ���/���T�i�B�p�M�Q �Q�T�i�B�K���H�B�x�€�i�Q�`�v �p�2 �p�ÿ�i���B�M�ÿ �T�ü�Q�T���/�i �T�ü�2�/�Í�Q
�:�`���/�B�2�M�i �.�2�b�+�2�M�i �M�2�#�Q �J�Q�K�2�M�i�m�K�- �D�b�Q�m �p�����F �p�w�T�Q�Í�2�i�M�ÿ �M�€�`�Q�Í�M�û�X

�ì�`�ë �x�ã�ç�î���
 �ç�¶�î�¶

�ì�`�ë�`�ê �#�ó�Å�Å�
 �—�Ó�Ì�Ì�¡�—�î�¡�•

�6�m�H�H�v �+�Q�M�M�2�+�i�2�/ �D�2 �p�`�b�i�p���- �p�2 �F�i�2�`�û �K�€ �F���ˆ�/�w �M�2�m�`�Q�M �i�Q�H�B�F �p�b�i�m�T�i�- �F�Q�H�B�F �D�2 �p�w�b�i�m�T�i
�T�ü�2�/�+�?�Q�x�Q �p�`�b�i�p�v�- �T�ü�B�Í�2�K�ˆ �M�� �F���ˆ�/�w �p�w�b�i�m�T �T�ü�2�/�+�?�Q�x�Q �p�`�b�i�p�v �D�2 �M���T�Q�D�2�M�w �T�`�€�p�ÿ �D�2�/�2�M
�p�b�i�m�T �M�2�m�`�Q�M�m�X �w�D�2�/�M�Q�/�m���2�M�ÿ �H�x�2 �ü�Q�+�B�- �ˆ�2 �F���ˆ�/�w �M�2�m�`�Q�M �D�2 �b�T�Q�D�2�M �b�2 �p���2�K�B �M�2�m�`�Q�M�v
�T�ü�2�/�+�?�Q�x�Q �p�`�b�i�p�v�X

�6�m�H�H�v �+�Q�M�M�2�+�i�2�/ �p�`�b�i�p�� �b�2 �T�Q�m�ˆ�Q�p�€ �D���F�Q �D�2�/�M�� �x �T�Q�b�H�2�/�M�Q�+�? �p�`�b�i�2�p�X �S�`�p�M�Q �/�i�p�Q�/ �D�2�-
�ˆ�2 �Q�T�`�Q�i�B �F�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�ÿ �M�2�m�K�Q �2�7�2�F�i�B�p�M�ÿ �p�v�?�H�2�/�€�p���i �T�ü�Q�x�M���F�v �p�2 �p�b�i�m�T�M�Q�+�? �/���i�2�+�?�X
�.�`�m�?�w �/�i�p�Q�/ �D�2 �K�M�Q�ˆ�b�i�p�Q �p���?�X �E�/�v�#�v�+�?�Q�K �K�ÿ�H�B �p�b�i�m�T�M�Q �i�2�M�x�Q�` �/���i �Q �p�2�H�B�F�Q�b�i�B �R�8�y
�� �p�b�i�m�T�M�Q �7�m�H�H�v �+�Q�M�M�2�+�i�2�/ �p�`�b�i�p�� �#�v �Q�#�b���?�Q�p���H�� �R�y�y�y �M�2�m�`�Q�M�i�- �T���F �D�2�M�Q�K �i���i�Q �T�`�p�M�Q
�p�`�b�i�p�� �p �b�Q�i�B �p�v�i�p�Q�ü�Q �R�8�y�y�y�y �p���?�X �h�2�/�v �R�8�y�y�y�y �m�Í�B�i�2�H�M�w�+�? �T���`���K�2�i�`�i�- �+�Q�ˆ �D�2 �T�ü�Q�H�B��
�K�M�Q�?�Q�X

�ì�`�ë�`�ë �:�Ó�Ì���Ó�Å�ó�™�Ì�¶ ���ã�ç�î���‰

�E�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�� �m�K�Q �2�7�2�F�i�B�p�M�ÿ �M���D�Q�i �p�x�Q�`�v�- �F�i�2�`�û �b�2 �p�2 �p�b�i�m�T�M�Q�+�? �/���i�2�+�? �p�v�b�F�v�i�m�D�Q�X
�h�v�i�Q �p�x�Q�`�v �D�b�Q�m �p�H���b�i�M�ÿ �T�ü�Q�x�M���F�v�- �F�i�2�`�û �F�¦�/�m�D�Q �p�H���b�i�M�Q�b�i�- �T�Q�/�H�2 �F�i�2�`�û �b�Q�# �F�H���b�B�}�F�m�D�2�X
�E�Q�M�p�Q�H�m�+�2 �b�2 �T�Q�m�ˆ�Q�p�€ �D���F�Q �p�b�i�m�T�M�Q �p�`�b�i�p�� �T�ü�B �F�H���b�B�}�F���+�B �Q�#�`�€�x�F�i�X �l �Q�#�`�€�x�F�i �K�i�ˆ�2
�F�Q�M�p�Q�H�m�Í�M�Q �p�b�i�m�T�M�Q �p�`�b�i�p�� �/�2�i�2�F�Q�p���i �i�ü�2�#�� �?�`���M�v�X

�E�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�� �M�� �p�b�i�m�T�M�Q �/���i�� ���T�H�B�F�m�D�2 �/�B�b�F�`�û�i�M�Q �F�Q�M�p�Q�H�m�+�B �b�F�`�x�2 �F�2�`�M�2�H �@ �D�€�/�`�Q
�Q�#�b���?�m�D�Q�+�Q �p�€�?�v�X �E�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�v �K�Q�?�Q�m �#�w�i �D�2�/�M�Q �M�2�#�Q �p�Q�+�2�/�B�K�2�M�x�B�Q�M�€�H�M�Q�X �P�#�@
�b���?�m�D�Q �m�`�Í�B�i�û �K�M�Q�ˆ�b�i�p�Q �}�H�i�`�i �U�D�2�/�M�Q�i�H�B�p�w�+�? �F�2�`�M�2�H�i�V �@ �T�`�Q �Q�#�`�€�x�F�v �#�v �i�Q �x�M���K�2�M���H�Q�-

�ê�î



�ì�` �C�¡�ó�ã�Ó�Ì�Ó���¢ �ç�¶�î�¤�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`

�ˆ�2 �T�`�p�M�Q �}�H�i�` �/�2�i�2�F�m�D�2 �M���T�ü�Q�F�H���/ �p�Q�/�Q�`�Q�p�M�û �?�`���M�v �� �/�`�m�?�w �}�H�i�` �?�Q�`�B�x�Q�M�i�€�H�M�Q �?�`���M�v�X
�E�2�`�M�2�H �K�€ �m�`�Í�B�i�w �`�Q�x�K�ÿ�` �p�2 �b�i�2�D�M�û �/�B�K�2�M�x�B �D���F�Q �p�b�i�m�T�M�Q �/���i���X �o�`�b�i�p�� �K�i�ˆ�2 �Q�#�b���?�Q�p���i
�T���/�/�B�M�; �@ �/�Q�T�H�M�ÿ�M�Q �Q�F�`���D�i �/���i �m�`�Í�B�i�Q�m �?�Q�/�M�Q�i�Q�m�X �S���/�/�B�M�; �b�2 �p�v�m�ˆ�Q�p�€ �K�B�K�Q �D�B�M�û �T�`�Q
�x���+�?�Q�p�€�M�Q �`�Q�x�K�ÿ�`�i �p�b�i�m�T�m �� �p�w�b�i�m�T�m �F�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�v�X �S�Q�b�H�2�/�M�Q�K �T���`���K�2�i�`�2�K �D�2
�b�i�`�B�/�2�- �F�i�2�`�w �ü�Q�F�€�- �Q �F�Q�H�B�F �b�2 �K�€ �K�ü�Q�ˆ�F�� �F�2�`�M�2�H�m �T�Q�b�Q�m�p���i�X

�P�#�`�€�x�2�F�j�X�R�9�m�F���x�m�D�2�- �D���F �T�`���+�m�D�2 �F�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p���X �J�Q�/�2�H�Q�p�€ �p�`�b�i�p�� �x �Q�#�`�€�x�F�m
�#�v �b�2 �/���H�� �+�?���`���F�i�2�`�B�x�Q�p���i �D���F�Q �k�@�. �F�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�� �b �D�€�/�`�2�K �Q �p�2�H�B�F�Q�b�i�B �j�t�j�- �D�2�/�M�Q�K
�}�H�i�`�2�K�- �#�2�x �T���/�/�B�M�;�m�X �E�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�� �M�2�D�/�ü�Q�p �p�v�#�2�`�2 �p�b�i�m�T�M�Q �/���i���- �T�`�Q�p�2�/�2 �F�Q�M�@
�p�Q�H�m�+�B �b �F�2�`�M�2�H�2�K �U�p���?���K�B�V �� �p�w�b�H�2�/�2�F �x���T�Q���2 �M�� �T�ü�Q�b�H�m���M�Q�m �p�w�b�i�m�T�M�Q �T�Q�x�B�+�B�X �S�Q�F�m�/
�#�v�+�?�Q�K �T�ü�2�/�T�Q�F�H�€�/���H�B �b�i�`�B�/�2 �R�- �T���F �#�v �b�2 �K�Q�/�`�w �Í�i�p�2�`�2�+ �p�2 �p�b�i�m�T�M�Q�+�? �/���i�2�+�? �T�Q�b�m�@
�M�m�H �Q �D�2�/�2�M �b�H�Q�m�T�2�+ �/�Q�T�`���p�� �� �T�Q�b�i�m�T �#�v �b�2 �x�Q�T���F�Q�p���H�X �h���F�i�Q �b�2 �x�Q�b�F�€ �+�2�H�w �p�w�b�i�m�T
�F�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�v�X

�I�–�ã�Š���¡�Ã �ì�`�ê�í�`�S�`�B�M�+�B�T �x�T�`���+�Q�p�€�M�Q �/���i �p �F�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�ÿ

�ì�`�ë�`�ì �B�‰�	�V�Ó�Ó�Å

�J���t�S�Q�Q�H�B�M�;�Q�p�€ �p�`�b�i�p�� �D�2 �/�`�m�?�2�K �b�m�#�b���K�T�H�B�M�;�Q�p�û �U�b�/�`�m�ˆ�Q�p���+�Q�V �p�`�b�i�p�v�X �h���i�Q �p�`�b�i�p��
�M�2�Q�#�b���?�m�D�2 �ˆ�€�/�M�û �m�Í�Q�+�Q �b�2 �T���`���K�2�i�`�v�- �b�H�Q�m�ˆ�Q �T�Q�m�x�2 �F�2 �x�K�2�M���2�M�Q �/�B�K�2�M�x�2 �p�b�i�m�T�M�Q�+�?
�/���i�X �o�`�b�i�p�� �Q�#�b���?�m�D�2 �D�€�/�`�Q�- �F�i�2�`�û �b�2 �T�Q�?�v�#�m�D�2 �T�Q �p�b�i�m�T�M�Q�+�? �/���i�2�+�? �T�Q�/�Q�#�M�ÿ �D���F�Q
�F�Q�M�p�Q�H�m�Í�M�Q �D�€�/�`�Q �p �F�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�ÿ�X �A �x�/�2 �D�2 �M�m�i�M�û �M���b�i���p�B�i ���H�2�b�T�Q�š �/�p�� �T���`���K�2�i�`�v�,
�`�Q�x�K�ÿ�` �D�€�/�`�� �� �b�i�`�B�/�2�X �C�€�/�`�Q �T�Q�i�û �x�2 �p�b�i�m�T�M�Q�+�? �T�ü�Q�x�M���F�i�- �F�i�2�`�û �T�ü�2�F�`�w�p�€�- �p�v�#�2�`�2 �i�2�M
�M�2�D�p�ÿ�i���Q �T�`�p�2�F �U�Q�#�`�€�x�2�F�j�X�R�8�V�X

�I�–�ã�Š���¡�Ã �ì�`�ê�î�`�S�`�B�M�+�B�T �x�T�`���+�Q�p�€�M�Q �/���i �p �J���t�S�Q�Q�H�B�M�;�Q�p�û �p�`�b�i�p�ÿ

�.�Q�F�v �J���t�S�Q�Q�H�B�M�;�m �x�K�2�M���Q�K�2 �Q�#�D�2�K �/���i �p �b�Q�i�B �� �M�€�b�H�2�/�m�D�Q�+�Q �p�`�b�i�p�v �i�2�/�v �Q�#�b���?�m�D�Q
�K�2�M���Q �K�M�Q�ˆ�b�i�p�Q �m�Í�Q�+�Q�+�? �b�2 �T���`���K�2�i�`�i�X �.�Q �D�B�b�i�û �K�Q�`�v �b�2 �i�Q�K �x�H�2�T���m�D�2 �/�2�i�2�F�+�2 �Q�#�D�2�F�i�i�-
�D�2�H�B�F�Q�ˆ �b�2 �x���?�Q�/�Q �M�2�/�i�H�2�ˆ�B�i�€ �/���i�� �U�x �m�`�Í�B�i�û �Q�#�H���b�i�B �b�2 �p�v�#�2�`�2 �T�Q�m�x�2 �K���t�B�K�m�K�V�X �C�B�M�w�K�B
�b�H�Q�p�v�- �D�2�b�i�H�B�ˆ�2 �D�2 �/�2�i�2�F�Q�p�€�M �T�ü�Q�x�M���F �b �p�v�b�Q�F�Q�m �?�Q�/�M�Q�i�Q�m �M���T�ü�X �p �F�Q�M�p�Q�H�m�Í�M�Q �p�`�b�i�p�ÿ�-
�M�€�b�H�2�/�m�D�Q�+�Q �J���t�S�Q�Q�H�B�M�; �x���D�B�b�i�Q�- �ˆ�2 �M�2�x�€�H�2�ˆ�Q�- �F�/�2 �T�ü�2�b�M�ÿ �p �J���t�S�Q�Q�H �D�€�/�`�m �#�v�H �T�ü�Q�x�M���F
�/�2�i�2�F�Q�p�€�M�X

�ê�ï



�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`�ì�`�ì �V�ã�Ó�–�Å�¢�Ë�


�ì�`�ë�`�í ���ã�Ó�à�Ó�ó�î

�.�`�Q�T�Q�m�i �D�2 �/���H���Q �p�`�b�i�p�Q�m�- �F�i�2�`�€ �M�2�Q�#�b���?�m�D�2 �m�Í�Q�+�Q �b�2 �T���`���K�2�i�`�v�X �o�`�b�i�p�� �M�€�?�Q�/�M�ÿ �/�2���F�@
�i�B�p�m�D�2 �m�`�Í�B�i�w �T�Q�Í�2�i �b�p�w�+�? �p�b�i�m�T�i�X �J�M�Q�ˆ�b�i�p�Q �x�M�2�?�Q�/�M�Q�+�2�M�û �B�M�7�Q�`�K���+�2 �D�2 �T���`���K�2�i�` �i�û�i�Q
�p�`�b�i�p�v�X �*�?�+�2�K�2�@�H�B �x�H�2�T���B�i �p�v�?�H�2�/�€�p�€�M�Q �Q�#�2�+�M�w�+�? �p�x�i���?�i �p�2 �p�b�i�m�T�M�Q�+�? �/���i�2�+�?�- �M�B�F�Q�H�B�p
�T�Q�m�x�2 �K�2�K�Q�`�Q�p�€�M�Q �i�`�û�M�Q�p���+�Q�+�? �/���i�- �/�`�Q�T�Q�m�i �F �i�Q�K�m �K�i�ˆ�2 �T�Q�K�Q�+�B�X �o�`�b�i�p�� �T�ü�B�/�€ �/�Q
�b�Q�i�ÿ �D�B�b�i�w �/�`�m�? ���m�K�m�X �.�Q�F�v �i�Q�K�m �b�Q�# �M�2�#�m�/�2 �i�Q�H�B�F �+�B�i�H�B�p�€ �M�� �K�Q�`�M�û �x�K�ÿ�M�v �p�2 �p�b�i�m�T�M�Q�+�?
�/���i�2�+�?�X

�ì�`�ë�`�î ���‰�î�—�±�C�Ó�ã�Ë

�"���i�+�?�L�Q�`�K �p�`�b�i�p�� �i���F�û �M�2�Q�#�b���?�m�D�2 �m�Í�Q�+�Q �b�2 �T���`���K�2�i�`�v�- �b�H�Q�m�ˆ�Q �F �M�Q�`�K���H�B�x�Q�p�€�M�Q �b�i�ü�2�/�M�Q
�?�Q�/�M�Q�i�v �� �b�i���M�/���`�/�M�Q �Q�/�+�?�v�H�F�v �/�€�p�F�v �/���i �p �F�Q�M�F�`�û�i�M�Q �Í�€�b�i�B �b�Q�i�ÿ�X �P�#�2�+�M�ÿ �T�H���i�Q�- �ˆ�2
�M�Q�`�K���H�B�x�Q�p���M�€ �p�b�i�m�T�M�Q �/���i�� �/�Q�b���?�m�D�Q �p �M�2�m�`�Q�M�Q�p�w�+�? �b�Q�i�Q�+�? �H�2�T���Q�+�? �p�w�b�H�2�/�F�i�- �M�2�ˆ �/���i��
�M�2�M�Q�`�K���H�B�x�Q�p���M�€�X �.���i�� �T�Q �T�`�i�+�?�Q�/�m �Í�€�b�i�Q �b�Q�i�ÿ �p�����F �M�Q�`�K���H�B�x�Q�p���M�€ �m�ˆ �D�B�b�i�ÿ �M�2�D�b�Q�m�X
�S�`�Q�i�Q �D�2 �p�?�Q�/�M�û �T�Q�m�ˆ�Q�i �"���i�+�?�L�Q�`�K�X �L�Q�`�K���H�B�x���+�2 �T�Q�K�€�?�€ �F �K�B�x�2�M�Q �M�2�#�Q �2�t�T�H�Q�/�Q�p�€�M�Q
�;�`���/�B�2�M�i�m�- �i�Q�K �T�€�/�2�K �T�Q�K�€�?�€ �B �F�2 �x�T�ÿ�i�M�û �T�`�Q�T���;���+�B �+�?�v�#�v �/�Q �?�H�Q�m�#�F�v �b�Q�i�ÿ�X

�ì�`�ì �V�ã�Ó�–�Å�¢�Ë�


�o �T�ü�2�/�+�?�Q�x�Q �Í�€�b�i�B �T�`�€�+�2 �D�b�2�K �x�K�Q�M�B�H �M�ÿ�F�i�2�`�û �T�`�Q�#�H�û�K�v�- �M�� �F�i�2�`�û �D�b�Q�m �M�2�m�`�Q�M�Q�p�û �b�Q�i�ÿ �M�€�@
�+�?�v�H�M�û�X �S�`�Q�#�H�û�K �K�B�x�2�M�Q �;�`���/�B�2�M�i�m �x���T�ü�Q�Í�B�M�Q �i�Q�- �ˆ�2 �b�2 �M�2�#�m�/�Q�m �m�Í�B�i �M�2�m�`�Q�M�v�- �F�i�2�`�û �D�b�Q�m
�m�H�Q�ˆ�2�M�û �?�H�m�#�Q�F�Q �p �b�Q�i�B�X �L���Q�T���F �T�ü�B �2�t�T�H�Q�/�Q�p�€�M�Q �;�`���/�B�2�M�i�m �K�i�ˆ�2 �/�Q�D�Q�i ���ˆ �F �T�ü�2�i�2�Í�2�M�Q
�/���i�Q�p�û�?�Q �i�v�T�m�- �p�2 �F�i�2�`�û�K �D�2 �m�H�Q�ˆ�2�M�€ ���F�i�B�p���+�2�X �o�w�b�H�2�/�2�F �b�Q�i�ÿ �i���F �M�2�#�m�/�2 �B�M�i�2�`�T�`�2�i�Q�@
�p���i�2�H�M�w�X �o�x�M�B�F �M�2�#�Q �/�i�b�H�2�/�F�v �i�ÿ�+�?�i�Q �T�`�Q�#�H�û�K�i �H�x�2 �p�w�`���x�M�ÿ �Q�K�2�x�B�i �p�?�Q�/�M�w�K �p�w�#�ÿ�`�2�K
���F�i�B�p���Í�M�Q�+�? �7�m�M�F�+�Q �M�2�#�Q �"���i�+�?�L�Q�`�K�2�K�X

�E�p���H�B�i�m �m�Í�2�M�Q �b�Q�i�ÿ �K�i�ˆ�2�K�2 �b�H�2�/�Q�p���i �M�ÿ�F�Q�H�B�F�� �x�T�i�b�Q�#�v�X �C�2�/�M�Q�K �x �M�B�+�? �D�2 �;�`���7 �T�ü�2�b�@
�M�Q�b�i�B �p �x�€�p�B�b�H�Q�b�i�B �M�� �Í���b�2 �@ �`�2�b�T�X �i�`�û�M�Q�p���+�Q �2�T�Q���2�X �S�ü�2�b�M�Q�b�i�Q �K�v�b�H�Q�K�2 �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i�-
�ˆ�2 �T�`�p�2�F �#�m�/�2 �F�H���b�B�}�F�Q�p�€�M �/�Q �b�T�`�€�p�M�û �i�ü�Q�/�v�X �.�Q �;�`���7�m �b�2 �F�`�2�b�H�Q �/�p�ÿ �F�ü�B�p�F�v �@ �T�ü�2�b�M�Q�b�i
�i�`�û�M�Q�p���+�Q�+�? �� �p���H�B�/���Í�M�Q�+�? �/���i�X �S�Q�/�H�2 �p�x�€�D�2�K�M�û �T�Q�H�Q�?�v �i�ÿ�+�?�i�Q �F�ü�B�p�2�F �D�2 �K�Q�ˆ�M�û �Q�/�?���/�@
�M�Q�m�i�- �D���F �T�`�Q�#�Q�?�€ �m�Í�2�M�Q�X �*�Q�H�2�K �D�2 �/�Q�b�€�?�M�Q�m�i �+�Q �M�2�D�p�v�����Q �T�ü�2�b�M�Q�b�i�B �M�� �p���H�B�/���Í�M�Q�+�? �B
�i�`�û�M�Q�p���+�Q�+�? �/���i�2�+�?�X

�C�2�b�i�H�B�ˆ�2 �/�Q�b���?�m�D�2�K�2 �p�v�b�Q�F�û �T�ü�2�b�M�Q�b�i�B �M�� �i�`�û�M�Q�p���+�Q�+�? �/���i�2�+�?�- ���H�2 �M�Q�x�F�û �M�� �p���H�B�/���Í�@
�M�Q�+�?�- �/�Q�+�?�€�x�Q �F �T�ü�2�m�Í�2�M�Q �b�Q�i�ÿ �U�Q�p�2�`�}�i�i�B�M�;�m�V�X �E �D�2�p�m �T�ü�B�b�T�Q�p�€ �M���T�ü�X �K���H�w �/���i���b�2�i�- �`�Q�x�@
�b�€�?�H�€ ���`�+�?�B�i�2�F�i�m�`�� �b�Q�i�ÿ �M�2�#�Q �T�ü�Q�H�B�� �/�H�Q�m�?�€ �/�Q�#�� �m�Í�2�M�Q�X ���#�v�+�?�Q�K �x���#�`�€�M�B�H�B �Q�p�2�`�}�i�i�B�M�;�m�-
�K�i�ˆ�2�K�2 �T�ü�B�/���i �.�`�Q�T�Q�m�i�- �T�ü�Q�T���/�M�ÿ �J���t�S�Q�Q�H �p�`�b�i�p�v�- �x�K�2�M���B�i �M�2�m�`�Q�M�Q�p�Q�m �b�Q�#�- �x�F�`�€�i�B�i
�/�Q�#�m �i�`�û�M�Q�p�€�M�Q �b�Q�i�ÿ �M�2�#�Q �`�Q�x���Q�ü�B�i �/���i���b�2�i�X �.���i���b�2�i �D�2 �K�Q�ˆ�M�û �`�Q�x���Q�ü�B�i �m�K�ÿ�H�2 �i�x�p�X ���m�;�@
�K�2�M�i���+�Q �/���i���b�2�i�m�X

�C�2�b�i�H�B�ˆ�2 �/�Q�b���?�m�D�2�K�2 �M�Q�x�F�û �T�ü�2�b�M�Q�b�i�B �M�� �p���H�B�/���Í�M�Q�+�? �B �i�`�û�M�Q�p���+�Q�+�? �/���i�2�+�?�- �/�Q���H�Q �F
�M�2�/�Q�m�Í�2�M�Q �b�Q�i�ÿ �U�m�M�/�2�`�}�i�i�B�M�;�V�X ���`�+�?�B�i�2�F�i�m�`�� �D�2 �T�ü�Q�H�B�� �K�ÿ�H�F�€ �M�� �p�v�ü�2���2�M�Q �M�����2�?�Q �T�`�Q�@
�#�H�û�K�m �M�2�#�Q �i�`�û�M�Q�p���H�B �D�b�K�2 �b�Q�# �F�`�€�i�F�Q�m �/�Q�#�m�X �a�Q�# �M�2�M�Q �b�+�?�Q�T�M�€ �p�v�?�H�2�/���i �b�Q�m�p�B�b�H�Q�b�i�B �p�2
�p�b�i�m�T�M�Q�+�? �/���i�2�+�? �� �Í���b�i�Q �M�2�7�m�M�;�m�D�2 ���M�B �M�� �i�`�û�M�Q�p���+�Q�K �/���i���b�2�i�m�X

�ê�ð



�ì�` �C�¡�ó�ã�Ó�Ì�Ó���¢ �ç�¶�î�¤�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`

�I�–�ã�Š���¡�Ã �ì�`�ê�ï�`�:�`���7 �T�ü�2�b�M�Q�b�i�B �p �x�€�p�B�b�H�Q�b�i�B �M�� �T�Q�Í�i�m �2�T�Q�+�? �x�M�€�x�Q�`�š�m�D�Q�+�Q �Q�#�H���b�i �m�M�/�2�`�}�i�i�B�M�;�m�-
�Q�p�2�`�}�i�i�B�M�;�m �� �/�ÿ�H�Q�+�Q �Í�€�`�v�- �F�/�v �D�2 �M�2�D�H�2�T���Q �T�ü�2�`�m���B�i �m�Í�2�M�Q

�.���H���Q �T�`�Q�#�H�û�K�- �b�2 �F�i�2�`�w�K �b�2 �K�i�ˆ�2�K�2 �T�Q�i�w�F���i�- �D�2 �M�2�p�v�p�€�ˆ�2�M�w �/���i���b�2�i�X �S�ü�2�/�b�i���p�K�2
�b�B�- �ˆ�2 �#�v�+�?�Q�K �F�H���b�B�}�F�Q�p���H�B �/�Q �/�p�Q�m �i�ü�Q�/ �� �� �"�X �o �i�`�û�M�Q�p���+�Q�K �/���i���b�2�i�m �#�v�+�?�Q�K �K�ÿ�H�B
�T�Q�Í�2�i �p�x�Q�`�F�i �i�ü�Q�/�v �� �� �" �p �T�Q�K�ÿ�`�m �R�,�R�y�X �a�Q�# �#�v �b�2 �M���m�Í�B�H�� �F�H���b�B�}�F�Q�p���i �T�`�B�K�€�`�M�ÿ �/�Q
�i�ü�Q�/�v �"�- �M�2�x�€�p�B�b�H�2 �M�� �p�b�i�m�T�M�Q�+�? �/���i�2�+�?�- �D�2�H�B�F�Q�ˆ �F�H���b�B�}�F���+�2 �/�Q �i�ü�Q�/�v �" �D�2 �R�y�t �T�`���p�/�ÿ�T�Q�@
�/�Q�#�M�ÿ�D���Q�- �Q�T�`�Q�i�B �T�ü�B�ü���x�2�M�Q �p�b�i�m�T�m �/�Q �i�ü�Q�/�v ���X �h�2�M�i�Q �T�`�Q�#�H�û�K �K�i�ˆ�2�K�2 �p�v�ü�2���B�i �M�ÿ�F�Q�H�B�F��
�x�T�i�b�Q�#�v�X �C�2�/�M�Q�K �x�T�i�b�Q�#�2�K �D�2 �x���?�`�M�m�i�Q �/���i �x �K�B�M�Q�`�B�i�M�ÿ �x���b�i�Q�m�T�2�M�û �i�ü�Q�/�v �p�Q�+�2�F�`�€�i �p
�D�2�/�M�û �2�T�Q���2�- �i���F ���#�v �b�2 �T�Q�Í�i�v �p�x�Q�`�F�i �D�2�/�M�Q�i�H�B�p�w�+�? �i�ü�Q�/ �p �D�2�/�M�û �2�T�Q���2 �p�v�`�Q�p�M���H�v�X �.�`�m�@
�?�w�K �x�T�i�b�Q�#�2�K�- �F�i�2�`�w �#�v�H �T�Q�m�ˆ�B�i �p �i�û�i�Q �T�`�€�+�B�- �D�2 �T�Q�K�ÿ�`�Q�p�û �`�Q�x�p�€�ˆ�2�M�Q �?�Q�/�M�Q�i �x�i�`�€�i�Q�p�û
�7�m�M�F�+�2 �T�`�Q �D�2�/�M�Q�i�H�B�p�û �i�ü�Q�/�v�X �o �m�p�2�/�2�M�û�K �T�ü�Q�F�H���/�m �#�v�+�?�Q�K �?�Q�/�M�Q�i�m �x�i�`�€�i�Q�p�û �7�m�M�F�+�2
�T�`�Q �i�ü�Q�/�m �� �x�p�ÿ�i���B�H�B �R�y�t �� �?�Q�/�M�Q�i�m �x�i�`�€�i�Q�p�û �7�m�M�F�+�2 �T�`�Q �i�ü�Q�/�m �" �#�v�+�?�Q�K �M�2�x�p�ÿ�i���Q�p���H�B�X

�P�#�2�+�M�ÿ �b�2 �b�M���ˆ�Q�K�2 �/�Q�b�€�?�M�Q�m�i �+�Q �M�2�D�H�2�T���Q �;�2�M�2�`���H�B�x���+�2 �T�`�2�/�B�F�+�Q�- �i�2�/�v ���#�v �b�Q�# �+�Q
�M�2�D�K�û�M�ÿ �K�2�K�Q�`�Q�p���H�� �T�ü�Q�x�M���F�v �p�v�b�F�v�i�m�D�Q�+�Q �b�2 �p �i�`�û�M�Q�p���+�Q�+�? �/���i�2�+�? �� ���#�v �b�2 �+�Q �M�2�D�p�Q�+�2
�M���m�Í�B�H�� �Q�#�2�+�M�û �b�T�Q�D�B�i�Q�b�i�B �p �T�ü�Q�x�M���+�Q�+�?�- �F�i�2�`�û �p�2�/�Q�m �F�2 �b�T�`�€�p�M�û �T�`�2�/�B�F�+�B�X �h���i�Q �p�H���b�i�M�Q�b�i
�M�2�K�m�b�Q �#�w�i �/�Q�#�ü�2 �T���i�`�M�€ ���M�B �x �;�`���7�m �T�ü�2�b�M�Q�b�i�B �F�H���b�B�}�F���+�2�X �L���T�ü�Q�F�H���/ �T�ü�B �`�Q�x�T�Q�x�M�€�p�€�M�Q
�2�K�Q�+�Q �b�2 �b�Q�# �/�Q �D�B�b�i�û �K�Q�`�v �m�Í�Q �+�2�H�û �p�ÿ�i�v�- �M�B�F�Q�H�B�p �T�Q�m�x�2 �2�K�Q�+�2�X �S�`�Q�i�Q �K�Q�?�Q�m �#�w�i �p�w�b�H�2�/�F�v
�b�Q�i�ÿ �H�2�T���Q �M�� �p�ÿ�i�€�+�? �p�v�b�F�v�i�m�D�Q�+�Q�+�? �b�2 �p �/���i���b�2�i�m�- �M�2�ˆ �M�� �p�ÿ�i�€�+�?�- �F�i�2�`�û �p �/���i���b�2�i�2�+�?
�Q�#�b���ˆ�2�M�v �M�2�#�v�H�v�X

�ì�`�í ���ó�¬�Ë�¡�Ì�î�‰�—�¡
���m�;�K�2�M�i���+�2 �D�2 �m�K�ÿ�H�û �`�Q�x���Q�ü�2�M�Q �/���i���b�2�i�m�- �x�� �9�Í�2�H�2�K �T�ü�2�/�2�D�B�i�Q �T�ü�2�m�Í�2�M�Q �b�Q�i�ÿ �M�� �i�`�û�M�Q�@
�p���+�Q�+�? �/���i�2�+�?�X �S�`�Q �T�ü�2�/�b�i���p�m �m�p�2�/�m �T�ü�Q�F�H���/ �M�2�m�`�Q�M�Q�p�û �b�Q�i�ÿ�- �F�i�2�`�€ �`�Q�x�2�x�M�€�p�€ ���m�i�� �x
�Q�#�`�€�x�F�i�X �S�Q�F�m�/ �b�2 �b�Q�# �#�m�/�2 �m�Í�B�i �T�Q�m�x�2 �M�� �/���i�2�+�? �Í�2�`�p�2�M�w�+�? ���m�i�- �M�2�#�m�/�2 �b�+�?�Q�T�M�€ �`�Q�@
�x�2�x�M�€�p���i ���m�i�� �D�B�M�w�+�? �#���`�2�p�X ���#�v�+�?�Q�K �`�Q�x���Q�ü�B�H�B �/���i���b�2�i�- �M�2�T�Q�i�ü�2�#�m�D�2�K�2 �p�v�i�p�€�ü�2�i �M�Q�p�û
�7�Q�i�Q�;�`���}�2 ���m�i�X �a�i���Í�Q �M�€�� �/���i���b�2�i �`�Q�x���Q�ü�B�i �Q �i�v �b���K�û �Q�#�`�€�x�F�v�- �F�i�2�`�û �K���D�Q �T�Q�m�x�2 �x�K�ÿ�M�ÿ�M�û
�#���`�p�v�X

�S�ü�B ���m�;�K�2�M�i���+�B �M�2�b�K�Q �/�Q�D�Q�i �F�2 �x�i�`�€�i�ÿ �B�M�7�Q�`�K���+�2�- �F�i�2�`�€ �D�2 �F�H�Q�Í�Q�p�€ �F�2 �F�H���b�B�}�F���+�B �M�2�#�Q
�F�2 �x�K�ÿ�M�ÿ �i�ü�Q�/�v�- �/�Q �F�i�2�`�û �/���i�� �F�H���b�B�}�F�m�D�2�K�2�X �o �T�ü�Q�F�H���/�m �b ���m�i�v �b�2 �x�K�ÿ�M�Q�m �#���`�2�p �D�B�b�i�ÿ
�M�2�x�K�ÿ�M�B�H �Q�#�D�2�F�i �M�� �Q�#�`�€�x�F�m�- �b�i�2�D�M�ÿ �i���F �D�2 �Í�H�Q�p�ÿ�F �b�+�?�Q�T�M�w �`�Q�x�2�x�M���i�- �ˆ�2 �M�� �M�ÿ�K �D�2 �b�i�€�H�2
���m�i�Q�X �S�`�Q�i�Q �H�x�2 �i���F�Q�p�Q�m ���m�;�K�2�M�i���+�B �T�Q�m�ˆ�Q�i�X

�ê�ñ



�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`�ì�`�í ���ó�¬�Ë�¡�Ì�î�‰�—�¡

���m�;�K�2�M�i���+�B �x�p�m�F�Q�p�w�+�? �M���?�`�€�p�2�F �H�x�2 �`�2���H�B�x�Q�p���i �D�2�D�B�+�? �x�����m�K�ÿ�M�Q�K�- �x�T�Q�K���H�2�M�Q�K�- �T�Q�@
�b�m�M�2�K �M���?�`�€�p�F�v �p�2 �7�`�2�F�p�2�M�Í�M�Q �Q�#�H���b�i�B �M�2�#�Q �T�Q�b�m�M�2�K �M���?�`�€�p�F�v �p �Í���b�Q�p�û �Q�#�H���b�i�B�X �S�ü�B
�T�Q�b�m�M�m �p �Í���b�Q�p�û �Q�#�H���b�i�B �b�2 �x���Í�€�i�2�F �M���?�`�€�p�F�v �T�Q�b�m�M�2 �� �p�x�M�B�F�H�û �K�Q�b�i�Q �b�2 �x���T�H�M�Q �F�Q�M�+�2�K
�b�i�2�D�M�û �M���?�`�€�p�F�v �U�Q�T�2�`���+�2 �`�Q�H�H �@ �T�Q�/�Q�#�M�ÿ �D���F�Q �#�v �M���?�`�€�p�F�� �#�v�H�� �F�Q�i�Q�m�Í�B�- �F�i�2�`�w �#�v�+�?�Q�K
�T�Q�Q�i�Q�Í�B�H�B�V�X �(�R�e�)

�ê�ò




	TITUL
	Zadání
	Poděkování/Prohlášení
	Abstrakt/Abstract
	Obsah
	Tabulky/Obrázky
	Úvod
	Metody řešení rozpoznávání emocí z hlasu
	Metoda podpůrných vektorů
	Vícerozměrná lineární regrese
	Neuronové sítě

	Neuronové sítě
	Model neuronu
	Aktivační funkce
	Ztrátová funkce
	Optimalizátor

	Vrstvy sítí
	Fully connected
	Konvoluční vrstva
	MaxPool
	Dropout
	BatchNorm

	Problémy
	Augmentace

	Extrakce příznaků ze zvuku
	Zero Crossing Rate (ZCR)
	Root Mean Square (RMS)
	Spektrogram a Mel-spektrogram
	Chromagram
	Mel-frekvenční kepstrální koeficienty (MFCC)
	Průměr a standardní odchylka základní frekvence

	Datasety pro rozpoznávání emocí z hlasu
	EmoDB
	RAVDESS
	CREMA-D
	Zpracování nahrávek

	Síť s kombinací několika druhů příznaků
	Síť trénovaná na spektrogramu
	Diskuze
	Závěr
	Literatura

