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https://scikit-learn.org/stable/auto_examples/covariance/plot_mahalanobis_distances.html#sphx-glr-auto-examples-covariance-plot-mahalanobis-distances-py
https://www.researchgate.net/publication/338518012_Savitzky-Golay_Smoothing_and_Differentiation_Filter
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 �4�N�B�M�M�F�S �V�O�D�F�S�U�B�J�O�U�J�F�T �B�S�F �D�P�N�Q�F�O�T�B�U�F�E �C�Z �U�I�F
�N�F�O�U�J�P�O�F�E �Q�S�P�Q�F�S�U�J�F�T �P�G �U�I�J�T �B�M�H�P�S�J�U�I�N��

�0�V�S �E�Z�O�B�N�J�D�T �G�V�O�D�U�J�P�O �D�P�O�T�J�T�U�T �P�G �V�Q�E�B�U�J�O�H �U�I�F �Q�P�T�F �P�G �U�I�F �F�O�E�F�R�F�D�U�P�S �B�D�D�P�S�E�J�O�H �U�P �U�I�F
�E�J�T�Q�M�B�D�F�N�F�O�U �D�P�N�N�B�O�E�T�
 �X�I�J�M�F �B�M�T�P �B�Q�Q�M�Z�J�O�H �U�I�F �T�B�N�F �U�S�B�O�T�M�B�U�J�P�O �B�O�E �S�P�U�B�U�J�P�O �U�P �U�I�F
�Q�P�T�F �P�G �U�I�F �D�V�S�S�F�O�U�M�Z �I�F�M�E �P�C�K�F�D�U�� �*�G �B�O�Z �P�C�K�F�D�U �J�T �D�P�O�T�J�E�F�S�F�E �H�S�B�T�Q�F�E �J�T �E�F�U�F�S�N�J�O�F�E �C�Z
�U�I�S�F�T�I�P�M�E�J�O�H �U�I�F �S�P�C�P�U �H�S�J�Q�Q�F�S �X�J�E�U�I�
 �X�I�J�D�I �J�T �B�M�T�P �D�P�O�U�B�J�O�F�E �J�O �P�V�S �T�U�B�U�F�� �8�I�B�U �P�C�K�F�D�U �J�T
�I�F�M�E�
 �J�T �E�F�S�J�W�F�E �G�S�P�N �U�I�F �B�O�D�I�P�S �P�C�K�F�D�U �J�O �U�I�F �D�V�S�S�F�O�U �U�B�S�H�F�U �E�F�N�P�O�T�U�S�B�U�J�P�O �7�&�(��

�r�ƒ



�5�I�J�T �D�P�N�Q�V�U�B�U�J�P�O �D�B�O �C�F �E�P�O�F �J�O �Q�B�S�B�M�M�F�M �G�P�S �X�I�P�M�F �T�U�B�U�F �B�O�E �D�P�O�U�S�P�M �C�B�U�D�I�F�T�
 �X�I�J�D�I
�J�N�Q�S�P�W�F�T �D�P�N�Q�V�U�B�U�J�P�O�B�M �F�U�D�J�F�O�D�Z �T�J�H�O�J�S�D�B�O�U�M�Z�� �)�P�X�F�W�F�S�
F �I�B�T�U �U�P �C�F �B�Q�Q�M�J�F�E
�T�F�R�V�F�O�U�J�B�M�M�Z �G�P�S �F�W�F�S�Z �T�U�F�Q �B�M�P�O�H �U�I�F �I�P�S�J�[�P�O��
�1�T�F�V�E�P�D�P�E�F �G�P�S �U�I�J�T �G�V�O�D�U�J�P�O �J�T �H�J�W�F�O �C�F�M�P�X��

�*�/�1�6�5x~t ; �Vt �
 �* �� �B�O�D�I�P�S�@�P�C�K�@�J�E�Y
�1�"�3�"�.�&�5�&�3g�U�I�� �H�S�B�T�Q�J�O�H�@�U�S�F�T�I�I�P�M�E�
g�N�J�O�� �N�J�O�J�N�B�M �H�S�J�Q�Q�F�S �X�J�E�U�I�
g�N�B�Y�� �N�B�Y�J�N�B�M
�H�S�J�Q�Q�F�S �X�J�E�U�I

�Y�F�F;t+1 �� �Y�F�F;t + [� x �F�F; � y�F�F; � z�F�F]
�R�F�F;t+1 �� �2�6�"�5�&�3�/�*�0�/�	� yaw�F�F; � pitch �F�F; � roll �F�F�
 � �R�F�F;t
gt+1 �� �.�"�9�	�.�*�/�	 gt �� � g�
g�N�J�O�
�
g�N�B�Y�


�G�P�S�O �J�O �/�E�P�
�Y�Pn;t +1 ; �R�Pn;t +1

�
��

�
�Y�Pn;t ; �R�Pn;t

�

�F�O�E �G�P�S

�J�Ggt � g�U�I�U�I�F�O
�Y�PI;t +1 ���� �Y�PI;t + [� x �F�F; � y�F�F; � z�F�F]
�R�PI;t +1 �� �2�6�"�5�&�3�/�*�0�/�	� yaw�F�F; � pitch �F�F; � roll �F�F�
 � �R�PI;t

�F�O�E �J�G

�S�F�U�V�S�O
�
�Y�F�F;t+1 ; �R�F�F;t+1 ; gt+1 ;

�
�Y�P1;t+1 ; �R�P1;t+1

�
; ::: ;

�
�Y�PN;t +1 ; �R�PN;t +1

��

�"�M�H�P�S�J�U�I�N �����"�Q�Q�S�P�Y�J�N�B�U�F �E�Z�O�B�N�J�D�T �G�V�O�D�U�J�P�OF

�r��



�r���r���r �'�S�W�X �*�Y�R�G�X�M�S�R

�0�V�S �D�P�T�U �G�V�O�D�U�J�P�Oc~ �J�T �B �M�J�O�F�B�S �D�P�N�C�J�O�B�U�J�P�O �P�G �N�V�M�U�J�Q�M�F �D�P�T�U �G�V�O�D�U�J�P�O�T �U�I�B�U �J�O�E�V�D�F �E�J�R�F�S�F�O�U
�I�J�H�I �M�F�W�F�M �C�F�I�B�W�J�P�V�S�T �F�B�D�I��

c~(x~t;h ; ut;h ) = c~�U�B�T�L(x~t;h ; ut;h ) +
X

c~�T�J�E�F �H�P�B�M;i (x~t;h ; ut;h )

�5�I�F�T�F �D�P�N�Q�P�O�F�O�U�T �F�J�U�I�F�S �T�F�S�W�F �B �U�B�T�L �S�F�M�B�U�F�E �H�P�B�M �P�S �B �T�Q�F�D�J�S�D �B�V�Y�J�M�J�B�S�Z �S�F�R�V�J�S�F�N�F�O�U��
�5�I�F�J�S �D�B�M�D�V�M�B�U�J�P�O �J�T �F�Y�Q�M�B�J�O�F�E �J�O �U�I�F �O�F�Y�U �T�F�D�U�J�P�O��

�8�E�W�O���6�I�P�E�X�I�H �'�S�W�X

�5�I�J�T �D�P�T�U �F�O�G�P�S�D�F�T �U�B�T�L �D�P�N�Q�M�F�U�J�P�O �C�Z �J�O�E�V�D�J�O�H �S�F�M�B�U�J�W�F �P�C�K�F�D�U �B�O�E �N�B�O�J�Q�V�M�B�U�P�S
�U�S�B�K�F�D�U�P�S�J�F�T �B�T �X�F�M�M �B�T �H�S�B�T�Q�J�O�H �B�D�D�P�S�E�J�O�H �U�P �P�C�T�F�S�W�B�U�J�P�O�T �G�S�P�N �U�I�F �P�Q�U�J�N�B�M �F�Y�F�D�V�U�J�P�O�� �*�U
�D�P�O�T�J�T�U�T �P�G �U�I�F �T�U�F�Q �E�F�Q�F�O�E�F�E �P�O �H�S�B�Q�I���T�J�N�J�M�B�S�J�U�Z���C�B�T�F�E �D�P�N�Q�P�O�F�O�UC(GI ; Gt

D ) �Q�S�F�W�J�P�V�T�M�Z
�Q�S�P�Q�P�T�F�E �B�O�E �B �G�V�O�D�U�J�P�Oc�H�S�B�T�Q(u~t;h ) �U�I�B�U �D�P�N�Q�B�S�F�T �U�I�F �D�I�B�O�H�F �P�G �U�I�F �S�P�C�P�U �H�S�J�Q�Q�F�S �X�J�E�U�I
�X�J�U�I �U�I�F �I�V�N�B�O �H�S�B�T�Q�J�O�H �J�O�U�F�O�U�J�P�O �B�U �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �Q�P�J�O�U �J�O �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O��

c~�U�B�T�L(x~t;h ; ut;h ) = C(G�*(x~t;h ); Gt;h
�% ) + c�H�S�B�T�Q(� gt;h );

�X�J�U�I �U�I�F �7�&�(GI �C�F�J�O�H �H�F�O�F�S�B�U�F�E �G�S�P�N �U�I�F �D�V�S�S�F�O�U �T�U�B�U�Fx~t;h �
 �J���F�� �U�I�F �B�H�F�O�U�Œ�T �P�C�T�F�S�W�B�U�J�P�O�T�

�X�I�J�M�FGt;h

D �S�F�Q�S�F�T�F�O�U�T �U�I�F �P�Q�U�J�N�B�M �T�U�B�U�F �B�U �T�U�F�Qt + h�� �8�F �I�B�W�F �F�Y�U�S�B�Q�P�M�B�U�F�E �U�I�J�T
�P�Q�U�J�N�J�[�B�U�J�P�O �U�B�S�H�F�U �G�S�P�N �E�B�U�B �F�Y�U�S�B�D�U�F�E �G�S�P�N �U�I�F �F�Y�Q�F�S�U �E�F�N�P�O�T�U�S�B�U�J�P�O�� �8�F �F�O�T�V�S�F �U�J�N�F
�B�M�J�H�O�N�F�O�U �P�G �J�N�J�U�B�U�J�P�O �U�P �U�I�F �I�V�N�B�O �N�P�U�J�P�O �C�Z �U�Z�J�O�Ht �U�P �B �H�M�P�C�B�M �P�Q�U�J�N�J�[�B�U�J�P�O �T�U�F�Q�

�X�I�J�D�I �J�T �J�O�D�S�F�B�T�F�E �F�W�F�S�Z �U�J�N�F �B �D�P�N�N�B�O�E �J�T �J�T�T�V�F�E �U�P �U�I�F �S�P�C�P�U�� �5�I�J�T �Q�S�P�H�S�F�T�T�J�P�O �J�T
�N�P�E�J�S�F�E �E�V�S�J�O�H �U�I�F �Q�S�F�W�J�P�V�T�M�Z �N�F�O�U�J�P�O�F�E �I�J�H�I���M�F�W�F�M �N�P�U�J�P�O �Q�I�B�T�F�T��

�5�I�F �H�S�B�T�Q �D�P�T�Uc�H�S�B�T�Q(u~t;h ) �F�O�T�V�S�F�T �U�I�B�U �U�I�F �S�P�C�P�U �J�T �Q�V�O�J�T�I�F�E �G�P�S �I�B�W�J�O�H �B �E�J�R�F�S�F�O�U
�H�S�B�T�Q�J�O�H �J�O�U�F�O�U�J�P�O �U�I�B�O �U�I�F �F�Y�Q�F�S�U �B�U �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�J�N�F �T�U�F�Q�� �8�F �G�P�S�N�V�M�B�U�F �J�U �B�T��

c�H�S�B�T�Q(� gt;h ) =

8
<

:

! �H�S�B�T�Q; � (t + h) � � gt;h � 0;

0; �F�M�T�F

� (t) �J�T �B �G�V�O�D�U�J�P�O �C�F�J�O�H �F�W�B�M�V�B�U�F�E �G�P�S �F�W�F�S�Z �U�J�N�F �T�U�F�Qt �P�G �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O �T�P �U�I�B�U �J�T1 �J�G
�U�I�F �F�Y�Q�F�S�U �J�T �P�C�T�F�S�W�F�E �U�P �C�F �H�S�B�T�Q�J�O�H �B�Ut �B�O�E� 1 �P�U�I�F�S�X�J�T�F�� �8�F �C�B�T�F �U�I�J�T �D�P�T�U �P�O �U�I�F
�D�I�B�O�H�F �P�G �H�S�J�Q�Q�F�S �X�J�E�U�I �J�O�T�U�F�B�E �P�G �J�U�T �D�V�S�S�F�O�U �T�U�B�U�F �U�P �L�F�F�Q �J�U �T�U�F�B�E�Z �B�U �J�U�T �N�B�Y�J�N�V�N �P�S
�N�J�O�J�N�V�N �W�B�M�V�F �S�F�T�Q�F�D�U�J�W�F�M�Z��

�r�v



�8�F �E�J�T�N�J�T�T�F�E �S�S�T�U �V�T�J�O�H �U�I�S�F�T�I�P�M�E�J�O�H �U�P �E�F�U�F�S�N�J�O�F �X�I�F�U�I�F�S �U�I�F �S�P�C�P�U �N�B�O�J�Q�V�M�B�U�P�S �J�T
�P�Q�F�O �P�S �D�M�P�T�F�E �B�O�E �B�G�U�F�S�X�B�S�E �D�P�N�Q�B�S�J�O�H �U�I�J�T �T�U�B�U�F �U�P �U�I�F �I�V�N�B�O �H�S�B�T�Q�
 �B�T �X�F �E�J�E �J�O �P�V�S
�E�Z�O�B�N�J�D�T�� �8�F �N�B�E�F �U�I�F �F�Y�Q�F�S�J�F�O�D�F �U�I�B�U �U�I�J�T �X�P�V�M�E �F�O�D�P�V�S�B�H�F �T�N�B�M�M �P�T�D�J�M�M�B�U�J�P�O�T �J�O �U�I�F
�H�S�J�Q�Q�F�S �T�Q�B�O �X�J�U�I�J�O �U�I�F �S�F�T�Q�F�D�U�J�W�F �S�B�O�H�F �T�F�U �C�Z �U�I�F �U�I�S�F�T�I�P�M�E�
 �X�I�J�D�I �J�O �U�V�S�O �N�B�E�F �U�I�F
�I�F�M�E �P�C�K�F�D�U �E�S�P�Q �T�P�N�F�U�J�N�F�T �P�S �M�F�B�E �U�P �U�P�Q�Q�M�J�O�H �J�U �P�W�F�S �E�V�S�J�O�H �B �S�F�M�F�B�T�F �B�U�U�F�N�Q�U��

�7�M�H�I �+�S�E�P���6�I�P�E�X�I�H �'�S�W�X

�*�O �P�V�S �T�F�U�U�J�O�H �X�F �X�F�S�F �B�C�M�F �U�P �B�D�I�J�F�W�F �H�P�P�E �S�F�T�V�M�U�T �X�J�U�I �B �T�J�O�H�M�F �B�V�Y�J�M�J�B�S�Z �S�F�R�V�J�S�F�N�F�O�U
�F�O�G�P�S�D�F�E �C�Z �P�V�S �D�P�T�U�T�
 �O�B�N�F�M�Z �B�W�P�J�E�J�O�H �T�P�P�S �D�P�M�M�J�T�J�P�O�� �8�F �F�O�T�V�S�F �U�I�B�U �U�I�F �S�P�C�P�U
�N�B�O�J�Q�V�M�B�U�P�S�
 �P�S �U�I�F �I�F�M�E �P�C�K�F�D�U �S�F�T�Q�F�D�U�J�W�F�M�Z�
 �B�M�X�B�Z�T �T�U�B�Z�T �B�C�P�W�F �B �Q�B�S�B�N�F�U�F�S�J�[�F�E �I�F�J�H�I�U
h�N�J�O�S�F�M�B�U�J�W�F �U�P �U�I�F �X�P�S�M�E �P�S�J�H�J�O�� �8�F �G�P�S�N�V�M�B�U�F �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �D�P�T�U �B�T��

c�D�P�M�M(x~t;h ) =

8
>>><

>>>:

! �D�P�M�M; g > g�U�I
V

z�F�F� h�N�J�O

! �D�P�M�M; g � g�U�I
V

z�P� h�N�J�O

0; �F�M�T�F

z�F�F�B�O�Ez�P�B�S�F �S�F�Q�S�F�T�F�O�U�J�O�H �U�I�F �[���D�P�N�Q�P�O�F�O�U�T �P�G �U�I�F �S�P�C�P�U �H�S�J�Q�Q�F�S �P�S �D�B�S�S�J�F�E �P�C�K�F�D�U
�S�F�T�Q�F�D�U�J�W�F�M�Z��

�r���r���s �7�E�Q�T�P�M�R�K �7�X�V�E�X�I�K�] �*�S�V �'�S�R�X�V�S�P �7�I�U�Y�I�R�G�I�W

�8�F �G�V�S�U�I�F�S �F�Y�Q�B�O�E �P�O �U�I�F �C�B�T�J�D �T�B�N�Q�M�J�O�H �T�U�S�B�U�F�H�Z �J�N�Q�M�F�N�F�O�U�F�E �J�O �U�I�F �.�1�1�* �G�S�B�N�F�X�P�S�L��
�5�I�F �N�F�U�I�P�E �V�T�F�E �U�P �H�F�O�F�S�B�U�F �D�P�O�U�S�P�M�T �G�S�P�N �U�I�F �P�Q�U�J�N�J�[�F�E �(�B�V�T�T�J�B�O �Q�P�M�J�D�Z �I�B�T �U�P �F�O�G�P�S�D�F
�G�B�T�U �D�P�O�W�F�S�H�F�O�D�F �B�T �X�F�M�M �B�T �T�N�P�P�U�I �U�S�B�K�F�D�U�P�S�J�F�T �B�O�E �G�V�S�U�I�F�S�N�P�S�F �F�O�T�V�S�F �B �H�P�P�E �I�P�U �T�U�B�S�U
�G�P�S �U�I�F �O�F�Y�U �P�Q�U�J�N�J�[�B�U�J�P�O �D�Z�D�M�F�� �8�F �D�P�O�U�J�O�V�F �U�B�L�J�O�H �U�I�F �N�F�B�O �P�G �U�I�F �S�O�B�M �(�B�V�T�T�J�B�O
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