
HAL Id: inria-00069915
https://inria.hal.science/inria-00069915

Submitted on 19 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

LARY_CR: Software package for the Analysis of Cardio
Vascularand Respiratory Rhythms, in the

SCILAB_SCICOS environment
Claire Médigue, Alessandro Monti, Aurélie Wambergue

To cite this version:
Claire Médigue, Alessandro Monti, Aurélie Wambergue. LARY_CR: Software package for the Anal-
ysis of Cardio Vascularand Respiratory Rhythms, in the SCILAB_SCICOS environment. [Research
Report] RT-0259, INRIA. 2002, pp.88. �inria-00069915�

https://inria.hal.science/inria-00069915
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

08
03

ap por t  


     t e ch n i qu e 


THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

LARY_CR: Software package for the Analysis of
Cardio Vascular and Respiratory Rhythms, in the

SCILAB_SCICOS environment

Claire Médigue — Alessandro Monti — Aurélie Wambergue

N° 0259

April 10, 2002





Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)

Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30

�������
�
� �
	���
�������������������� ��!����"
��#�%$��&��'(�*),+�-/.0-1
�� � ����2�.0
435��-%�76�)0���

��'�28�9�:-/��.,�;�<�%
��%+=�>$?+?�%$�@A-CBD.E'F�%$(�G� �IH ����J
�
� �IH%�LK �=�:'?M�.,�;
�'�@A�:'*�

N?OQPSRUT�VXWZY\[;R^]S_;Va`cb�O^V\d�d�PSe;[;TgfhWifjelkmR�`cb�_�T�YnOUR^V�o#PSp�qrVnTg]j_;V

s<tvumwXx�y�z|{�}~w(�l���n�,}����hxm�����l�,}~w�}��g�n�,}����
� x��0�S�,�0umwXx"�*�"��w��l��x��jx"�

�:�0�n�,xm�?{l��{l{l�
�?�n�l�����,���0x"�Etl�l}����vxD�%���������az��*�l�,}~� �¡�j¢%�������(z¤£�£��/�n¥¦x"�

§©¨7ª"«¡¬n­l®�«�¯ ° �?�r±�²´³ �µ}��¶�·�E�n¸^�º¹ �n�0xa�/���E»��n¥¦x � x � }��¡�n�0x � �0���,tvx¼�,�,� � �½�n¸¾�¡�n� � }��¡¿����0�m�l���n�À�n� �
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×#}~¥��vxm�"²�Ø´}~�~��x�Ù?}��,�,�,}~Íl�l�,}����Ú¢%³ ��w��l��x��ÀÙÂx"ÛÓ� � �l���n�,}����Ú¢j�0xmw��;���E�n�cwXxm�,tv� � �n¸C�,tvx?�¡�n� � }��Ñ¿����E�m�l���n�?{Sx�É
���vxm�v�"x"�¡Ç
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��� ª���� � ¯4° �´�7±�²´³ ��x"�0�Ê�l�¶����¥�}��m}�xm� �
	 �n�/�n�~�S�Ex � x"�Ê�,�S�,tlwXx"� �¡�n� � }��nÉ ¿����0�m�l���n}~�0x"�<xm�Ê�0x"�,�l}~�E�n�0��}~�0x"�Ñ¢
��� ¿¦xm�����l� ��� �n�v�:� 	 xm��¿S}~�0���l�vxmwXxm��� �
	 �n�/�n�~�j�0x<���lw � �,}����vx´{l³ Ã ° �´Ä?²´{l³ Ã,³���{�Ç�Ãº�j�l�0�������0x � }~¿¦xm�0�Ex"�:w � É
�,tv� � x"� � x��,�E�n}~�0xmwXxm��� � �Á�,}~¥��/�n� ¢��n�~���n��� � x���� ��� �0x"�m�,}���� ��
�� ¿¦um�vxmwXxm���0���0�l�Ê��x"�Ê�,}~¥��/�n�j�XÍl�,�l�0�Ú� �v�0��� 	��
� 	 �n�/�n�~�j�0x � x´���D¿��n�,}��nÍl}~�~}~� �Â� x"�<� � �,}�x"� �0xmw������0xm�~��x"� � � �,�l�~�E�n���0x"�¡Ç ° � ��� �0x"�m�,}���� �
	�� ¿¦um�vxmwXxm���0�*�"���v�"xm�,�vx
�����0x"�"���l�/�n}��E�E�n�v�"x � x"�´Í/�n�,�0xmwXxm���0�Â�¡�n� � }������vx"�Â�,�l��� 	�� ��x"�m�,�0�nÉÎ�¡�n� � }���¥��E�nw�wXx�¢ ��� Åv�l}��E�E�n���?���X� � �,}�x � x"�
}~���0xm�,¿��n�~��x"�?�*�D¢ � x"��w¶�\�S}~w¶�¶xm��w�}~�l}~w¶� � �¼�0}~¥��/�n� � x��l�0x"�0�,}����h�n�,� � �,}�xm�~��x�¢ ��� Åv�l}��0�E�n���*��x"�´� � �,}�x"���,�j�ÖÉ
�0���~}����vx"��xm� � }����,�0���~}����vx"�¡Ç��:�~��x�x"�0� �,�l}~¿S}�x � �Á� � x"�Et/�n���,}~�~�����l�/�n¥¦x � x"� � � �,}�x"�È�0xmw��;���0xm�~��x"����Íl�0xm���vx"�<�l�l}��
� x���xm�l�¾�n�/�n�~�S�0x�Ç¾³ xm�,�0xX�n�/�n�~�j�0x(�l�,}~�~}��0x � x"�´w � �,tv� � x"�Â�0xmw��v��xm�?�0xmw��v�ÖÉÒ¸^� � ���vxm�v�"x�Ô?sÚ�E�n�v�Ö¸Ò���,w � x � x
Õv���l�,}�xm�¡¢����n}~�¶�,�;x"�m�,�E�n�/xm���,�0x���x"� � � �,}�x"� �¡�n� � }������vx"� xm� � x��l�0x"�E�,}����©�n�,� � �,}�xm�~��x�¢SÙ´}��0�,�,}~Íl�l�,}���� � x�� �0xm� � �
×#}~¥��vxm�ÖÉ Ø´}~�~��xÈ�~}��0� � x�¢�Ù � wX� � �l���n�,}����X³ ��w��l��x��lx Ûh� � }ÆÅ � x�¢\w � �,tv� � x � x"�7� � ���vxm�v�"x"�C�¡�n� � }��nÉ ¿����0�m�l���n}~�0x"�ÑÇ
°�	 ��Íj�,x"�m�,}Æ¸ � x?�"x?����¥�}��m}�xm�;x"�0� � x � ���l�vxm� � x"� wX�¡�¦xm�v� �
	�� �,� � x � �À�,�S�0�0umwXx*�vxm�,¿¦xm�j�À�n�l�0���v��wXx�¢l���l}�}~�jÉ
�0xm�,¿S}�xm����xm�©�/�n�,�,}��m�l�~}�xm� � �n�v� ���DÍ����v�m��x´Í/�n�0��� � Ü/x��lx�¢lxm� � ����� � 	�� �E�n��x"�,� �0x�Ü � � � �/�n�È��x"� ¿��n�,}��nÍl}~�~}~� � � � x"�
�,�S�,tlwXx"� �¡�n� � }��nÉ ¿����0�m�l���n}~�0x"��xm� ��xm�l�0� �0xm���n�,}����v���¡¿¦x"� �
	 �n�l�,�0x"���0}~¥��/�n�j�X�lt��j�,}�������¥�}����vx"�Ñ¢��v���E�nw�wXxm�������
�0x"�,�l}~�E�n�,}����ÚÇ
�>ã «¡ª á ®�� � ªÀ¯ �,�j�,�0umwXx��¡�n� � }��nÉ ¿����0�m�l���n}~�0x�¢/�,�j�,�0umwXxÂ�vxm�,¿¦xm�j�¼�n�l�0���v��wXx�¢v�,�E�n}~�0xmwXxm��� � �¼�0}~¥��/�n�
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��Ç~��Ç�� �*� �n� � Íl���S� � �l�0x"�0�,�l�0xÂ¿��n�,}��nÍl}~�~}~�Î�ÀÇ�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç �

��Ç � s<tvx({l³ Ã ° �´Ä���{l³ Ã,³���{À�0�m}�xm���,}ÆÅ/�Dxm��¿S}~�0���lwXxm��� Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç �
��Ç �jÇ~� s<tvx¾�0tv��}��"x"��ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç�ÇDÇ�Ç¾Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç �
��Ç �jÇ � {l³ ÃÖ³���{Á�l�0��¥��E�nwaÔ �n�ax��l�nw��l��xÌÇ¾Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç £

��Ç�� ° �´�7±�²´³ �DÔl¥¦xm�vxm�E�n�r�l�0x"�0xm���E�n�,}���� Ç�ÇDÇ�Ç¾Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç ���
� � ��� � ­ ���¾¬ ß! ¬ ã ® ß ª¡ª"� � �Ú¯$#%� � ��« ß � �  � �^ª ß �Áß ª  Êã � ª ß'& �U« ß ¬nª 
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�jÇ~� ³Ètv��}��"xD�n¸��,tvx�Õ7}~�l}~�0xDÃÎw��l�l���0xD�*x"�,�;���v�0x´Åv�~�0xm�0� Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç �my
�jÇ � ���l�nw��l��x"�?�n¸CÕC}~�l}~�0x¾Ãºw��l�l���0x¾�´x"�,�;���v�0x´Åv�~�0xm�0�¡¢/� � �n�l�0x � �0�¶³ÈØ��0xm�,}�x"� Ç�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç �¡�
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�jÇ~� �:�0x"�0xm���E�n�,}����5Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç�ÇDÇ�Ç¾Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç ���
�jÇ � Ù?xm�0x"�m�,}����Ó�l�0���"x"�E�,}~�l¥ Ç�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç�ÇDÇ�Ç¾Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç ���

�jÇ �jÇ~� �:�,}~�v�m}~�l��xD�n¸Ê� � xm�0x"�m�,}����¼�l�0��¥��E�nw Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç ���
�jÇ �jÇ � �*�L�,}~wXx¾�Exm�,}�x"� Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç�ÇDÇ�Ç¾Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç ���
�jÇ �jÇ�� �:�l���0x¾Ãº���0xm�,¿��n� ¢%{��j�,�0���~}��¾�n� � Ù?}����,�0���~}����,}~wXx¾�Exm�,}�x"��Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç �3�
�jÇ �jÇ y �*x"�,�l}~�E�n�0���,���,}~¥��/�n� Ç¾Ç�Ç¾Ç¾Ç�ÇDÇ�Ç¾Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç ���

�jÇ�� Ø �n�~} � �n�,}����Ó�n¸��,tvx � xm�0x"�m�,}����¼�l�0�S�"x"�0�,}~�l¥¶�n� � �0x"�g�nw��l�~}~�l¥©�n¸��,tvxÂ�,}~wXx¾�0xm�,}�x"� Ç¾Ç�Ç¾Ç¾Ç �4�
�jÇ��jÇ~� �*�L�,}~wXx¾�Exm�,}�x"� Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç�ÇDÇ�Ç¾Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç �4�
�jÇ��jÇ � �:�l���0x¾Ãº���0xm�,¿��n� ¢%{��j�,�0���~}��¾�n� �a� }����,�0���~}����,}~wXxD�0xm�,}�x"�ÐÇ¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç �4�
�jÇ��jÇ�� �*x"�,�l}~�E�n�0���,���,}~¥��/�n� Ç¾Ç�Ç¾Ç¾Ç�ÇDÇ�Ç¾Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç ��£

�jÇ y Ù?x"�E�m�,}~�l�,}����Ó�n¸��,tvx¾�,�j�,�0���~}����n� �a� }����,�0���~}����0x"�0x¡�n�0�Eth�n�~¥¦���,}~�,tlw Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç ���
�jÇ yvÇ~� s<tvx658795;:4<>=8?A@B=9C0D E ¸Q�l�v�m�,}���� Ç�ÇDÇ�Ç¾Ç�Ç¾Ç¾Ç�Ç¾Ç�ÇDÇ�Ç¾Ç¾Ç�Ç¾Ç�Ç¾ÇDÇ�Ç¾Ç�Ç¾Ç�Ç¾Ç¾Ç ���
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�*� }~���0xm�,¿��n� ¢/�,�j�,�0���~}��ÂÍl���S� � �l�0x"�0�0�l�0x K {SÄ � M�¢ � }����,�0���~}���Íl���S� � �l�0x"�0�,�l�0x KQÙÂÄ<� M�Ç
s<tvx �È³ �=�0xm�l�0x"�0xm���0�a�,tvxÓxm��x"�m�,�,}��¡�n�¾xm¿¦xm���0�À�n¸ � xm�������n�,}��E�n�,}���� �n� � �0xm�;�����n�,}��E�n�,}����L�n¸D�,tvxh�¡�n� � }����

O2P
Q4RTS;U8V8W



� ���/:0<����T@��	��
���
><����6=����/@������A@

SBP SBP

DBP

RR

DBP

RR int.

0.0 3.5 7.0
-11802

-9747
-7691
-5636
-3581
-1526

530
2585
4640
6696
8751

time (s) 

Respitrace signal (a.u.) 

0.0 3.5 7.0
-2644
-2211
-1777
-1344

-910
-477

-43
390
824

1257
1691

time (s) 

EKG signal (a.u.) 

0.0 3.5
57.6
67.5
77.3
87.2
97.0

106.9
116.8
126.6
136.5
146.3
156.2

Blood Pressure signal (mmHg) 

SBP, DBP peak time series 

Respiratory activity 

R peak time serie 

time (s) 

7.0
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�n�,�,}~�lw �n� � ¿¦xm���,�,}��m��x"�¡¢7�l�0x"�"x � }~�l¥a�,tvx�wXx"�0t/�n�l}��¡�n� xm¿¦xm���0���n¸ �"�����,�E���m�,}����5�n� � x �,x"�m�,}����·�n¸<Íl����� � }~�
�n�,�0xm�,}��n�r¿¦x"�E�0xm���¡Ç s7�¶�n�/�n�~�j�0x¾�,tvx¾x�Fcx"�m�0�*�n¸��,tvxD����{Á���a�,tvx¾�,}~���v�*�v� � x�¢l���S�¡�n�0x � }~�a�,tvx(�n�,�,}~�lwa¢/�,tvx
Í;x"�,�´¹<�"�h�,tv���l� � Í;x(�0� � xm�0x"�m�Â�,tvx��1¹ �¡¿¦x�¢c�"���,�0x"�,����� � }~�l¥��0�Á�,tvx��n�,�,}~�lw � xm�;�����n�,}��E�n�,}����ÚÇ¾Ä �l�?�,tvx
�L�;x¡�n»�¢l�"���,�0x"�0����� � }~�l¥©�0���,tvxÂw¶�\�S}~w(�lw �n¸7�,tvx¾¿¦xm���,�,}��m�l���n� � xm�;�����n�,}��E�n�,}����Ú¢/}��<�,tvx¾x¡���,}�x"�,��xm¿¦xm�����0�
� xm�0x"�m�´�n� � �v�0�/�n�~�~�����"�"xm�l�0x � �0���0xm�l�0x"�0xm���*�,tvx�¥�����Í/�n�rx�Fcx"�m�*�n¸C�,tvx�����{Á���a�,tvx��¡�n� � }�����¸Q�0x"���vxm�v�m�¦Ç~Ç
{S�l¢:�,tvx��*�
}~���0xm�,¿��n�����Exm�,}�x"�¡¢Êx��j�l�0x"�0�0x � }~�5wX�¡¢:�0xm�l�0x"�0xm���0���,tvx��,}~wXx©}~���0xm�,¿��n����xm�l¥��,t5Í;xm�Î¹ x"xm�I�Î¹ �
�"���v�0x"�m�l�,}~¿¦x�tvx¡�n�,�ÂÍ�x¡�n�0�ÑÝ;}~�0�´}~��¿¦xm�0�0x�¢;�,tvx(tvx¡�n�,�?�E�n�0x'K)!?� M�}��?x��j�l�0x"�0�0x � }~�hÍ�x¡�n�0�8�\w��ÚÇÂ×·x��n�/�n�~�j�0x
���l�~�Á�,tvx¾�*�L�,}~wXxD�0xm�,}�x"�¡¢v��� � }��0�m�v�E�0x � }~�À�,tvx¾�´x"�0x¡�n�0�0t¼�´xm�����,�¡Ç
{SÄ<���n� � ÙÂÄ<�h�,t��S�,tlwX�:�n�0x �,tvx<�,�v�"�"x"�0�0}~¿¦xÈ�nw��l�~}~�,� � x"�:�n¸/Íl���S� � �l�0x"�0�,�l�0x �"���,�0x"�,�;��� � }~�l¥Â�0�*wXx"�Et/�n�jÉ
}��¡�n�Ú�¡�n� � }����¾xm¿¦xm���0�¡Ô {SÄ<�½}����,tvxÂw¶�\�j}~wD�lw ¿��n�~�vx��n¸C�,tvx��l�0x"�0�,�l�0x�¢l�"���,�0x"�0����� � }~�l¥©�0���,tvx�x �Öx"�m�,}����¼�n¸
�,tvx´Íl����� � }~���0�(�,tvxÂ�����,�E�j¢jÙÂÄ �Ï}��È�,tvx*w�}~�l}~w¶�n�;¿��n�~�vx´�n¸Ú�,tvx´�l�0x"�0�,�l�0x�¢S�S�"�m�l�,�,}~�l¥ � �l�,}~�l¥��,tvx?�¡�n� � }����
� }����,�0����x�ÇÓs<tvx©�:�l���Ex©Ãº���0xm�,¿��n� KQ� Ã M��0xm�l�0x"�0xm���0���,tvx©�,}~wXxX}~���0xm�,¿��n�<��xm�l¥��,tÏÍ�xm�º¹Èx"xm�5�Î¹ �h�"���v�Ex"�m�l�,}~¿¦x
�,�j�,�0���~}��Â�;x¡�n»S�¡Ç
s<tvx��0x"�,�l}~�E�n�0���,�Ð�,t��S�,tlw }��¾�,���Ñ¹Èxm�¾�,t/�n���,tvx��¡�n� � }����X�,t��S�,tlw �n� � �©�0x"�,�l}~�E�n�0���,���m�S�m��x��¡�n�·�"�����E�n}~�
�n�l�l�0�"�j}~w¶�n�0xm�~��¸^�0��w��,tl�0x"x<�0�?�0xm��tvx¡�n�,�:Í�x¡�n�0�ÑÇ7s<tvx �0x"�,�l}~�E�n�0���,�����m�,}~¿�}~�º�(}��C�,tvx<wX���0x<�n¸Q�0xm��wXx¡���0�l�0x �
Í��Z���0���/���E�n�È�,tvxm�,w�}��0�0���¡¢:�,tv���E���m}��À�n� � �nÍ � ��w�}~�/�n�ÈwX�Ñ¿¦xmwXxm���X�0xm�v�E���0�¡¢�¹�tl}��0t5�¡�n�l�v����¥�}~¿¦xÁ�¼¥¦��� �
x"�,�,}~w¶�n�,}������n¸c�,tvx��0x"�,�l}~�E�n�0���,��¿¦���~�lwXx�Ç:Õl�0��w �,tvx��0x"�0�l}~�E�n�0���,�X�,}~¥��/�n� ¢�¹ x´�n�/�n�~�j�0x����l�~���,tvx*Íl�0x¡�n�,tl}~�l¥
�E�n�0x�Í��¶¸Q�0x"���vxm���,}��n�7�����,}~wXx�ÉÒ¸Q�0x"���vxm���,}��n���n�/�n�~�j�,}��¡Ç
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s<tvxÊwXx¡�n���¡�n� � }��¡¿����0�m�l���n�C¿��n�~�vx"�Ñ¢\�Ñ¿¦xm�r¸Òxm¹iw�}~���l�0x"�¡¢n¿��n�,�D���"�"��� � }~�l¥?�0� � }GFcxm�0xm���C�lt��j�,}��¡�n���"��� � }~�,}����v�Ñ¢
�,�v�Et(���c�0x"�,�7�n� � x��lxm�0�m}��0x�¢\Íl�l�7�n���0�<�,tvxÊ�¡�n� � }��Ñ¿����E�m�l���n�r¿��n�~�vx"�cÜv�v�m�,�/�n�0xÈ�n�0���l� � �,tvx:wXx¡�n�¾¿��n�~�vx:�l� � xm�
�0xm���n�,}~¿¦x¾�,�E�nÍl��xD�"��� � }~�,}����v�¡Ç s<tl}�� � �S�/�nw�}���Í;xmt/�"¿S}����¡¢/�¡�n�~��x � �¡�n� � }��Ñ¿����E�m�l���n�*¿��n�,}��nÍl}~�~}~�Î�¦¢v}~w��l�~}�x"�*�,t/�n�
�¡�n� � }��¡¿����0�m�l���n��wXx¡�n�À¿��n�~�vx"���n� � ¿��n�,}��nÍl}~�~}~�Î�Át/�"¿¦xÂ�0�(Í;x?�0�,� � }�x � �0��¥¦xm�,tvxm���0�(�0x�Ü/x"�m���,tvxÂ� ��{¶�,tv���,�ÖÉ
�0xm�,wË�"�����,�0���È�n¸È�,tvx��¡�n� � }��¡¿����0�m�l���n���,�S�0�0xmwaÇ�³<�n� � }��¡¿����0�m�l���n�DÜv�v�m�,�/�n�,}����v�D�¡�n��Í;x��0�,� � }�x � �,tl�0���l¥�t
Í;x¡�n�ÖÉ �0�nÉ Í�x¡�n�<�n�,�0xm�,}��n�/Íl���S� � �l�0x"�0�0�l�0x*�n� � �*� wXx¡�n�v�È�n� � ¿��n�,}��n�v�"x"�<�n� � ¢����:t/��� wX���0x��0x"�"xm���,�~��Í;x"xm�
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� ���vx�¢n�,tl�0���l¥�t¾¸Q�0x"���vxm�v�m� � ��w¶�n}~���n�/�n�~�S�0}��¡Çr�´�i�;�¡¹ xm�7�,�;x"�m�,�,�lw }��7�"���v�,} � xm�0x � �0��Í�x �n��x�F;x"�m�,}~¿¦x �v���
}~��¿����,}~¿¦x�wXx¡���0�l�0xÂ¸Q�����0�,� � ��}~�l¥X�vxm�l�E�n�rwX� � �l���n�,}����v�´�n¸��´�L}~�aw¶�n���À�m�~}~�l}��¡�n�7�n� � �0x"�0x¡�n�0�0th�,�,� � }�x"�¡Ç

0 600
600

700

800

900

1000

1100

+

0 300 600
80

114

148

182

216

250

+

0 300 600
40

54

68

82

96

110

+

0 300 600
-5

0

5

+

300
time (s)

time (s)

time (s)

time (s)

RR interval (ms)

SBP (mmHg)

DBP (mmHg)

Respiration (arbitrry units)
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}~�Î� KQ�´�ÚØ$MÈ�0�X�0x"�,�l}~�E�n�,}������n� � �n�,�0xm�,}��n�CÍl���S� � �l�0x"�E�,�l�0x¾¿��n�,}��nÍl}~�~}~�Î�LKQÄ<�:Ø$M�Ç/s<tl�0x"x(w¶�\�,���´���0�m}~�~���n�0���,�
�"��w��;���vxm���0���n�0x��v�,�/�n�~�~� � xm�0x"�m�E�nÍl��x´}~�¶Í;���,t¶�*�rØ1�n� � Ä<�:Ø1¹�}~�,t¶wX���0x*���È��x"�0�Ê�l�0���v���l�v�"x � �,�;x"�m�,�E�n�
�;x¡�n»S�¡Ô
��Ç��,tvx<tl}~¥�tvx"�0�¡¢��,�S�v�0tl�0���v���v�:¹�}~�,t��0x"�0�l}~�E�n�,}���� K^�,tvx��0�Â�¡�n�~��x � �0x"�,�l}~�E�n�0���,���,}~���v�Ê�n�,�,t����,tlw�}��j¢S�?{S��¢
}~�Z�*�Ì�0}~¥��/�n� ¢C�n� � �0x"�0�l}~�E�n�0���,�·���0�m}~�~���n�,}����v�D}~�iÍl����� � �l�0x"�0�,�l�0x¶�,}~¥��/�n� M�¢r}�� � x"�0�m�,}~Í�x � ��� ��	!< � 	
E��/@�
 �A@��C�;7�� K)!?Õ ¢%�nÍ����l�*�jÇ ����! �(�n� � ¿��n�,��}~�l¥�¹�}~�,t¼�0x"�,�l}~�E�n�0���,�Á¸^�0x"���vxm�v�m�TM�Ý

�jÇ��,tvxÓ�,�;x"�m�,�E�n�*�;x¡�n»½}~� �,tvxaw�} �l� ��x�¢�¹�tl}��0t1�"���,�0x"�,����� � �©�0�i�0���¡¹µ¹ �"¿¦x"�FKQ���ÁÛh�¡�¦xm�¶¹ �¡¿¦x"�8M¶}��
� x"�E�m�,}~Í�x � ��� � � 
�� E��B@�
 �T@ �C�;7�� K ° Õ<¢/�nÍ����l�*�jÇ~� ! �"M�Ç !?�¡¹Èxm¿¦xm�¡¢/�,tvx��"xm���,�E�n�r¸^�0x"���vxm�v�m�©�n¸��,tvx ° Õ
�"��w��;���vxm���?�¡�n�Ó�n���0��¿��n�,�Á�"���v�0} � xm�E�nÍl�~� KU¸^�0��w �jÇ �nyX�0�X�jÇ~����! �"M

�jÇ��,tvx �,���Ñ¹Èx"�,�¡¢��"���,�0x"�,�;��� � }~�l¥?�0�*�,tvx ¿¦xm�,�¾�,���¡¹Ï¹ �¡¿¦x"��}�� � x"�0�m�,}~Í;x � ����� �9@�� 7�� 
�� E��B@�
 �T@ �C�;7�� K^Ø ° Õ<¢
¸Q�0��w ���0�¶�jÇ �ny ! �"M�Ç

×·xa�n�0x�}~���0xm�0x"�0�0x � ���l�~�Z}~� ° Õ&�n� � !?Õ9�0��x"�m�,�E�n���;x¡�n»S�Ñ¢:¹�tl}��0tI�0x�Ü/x"�m�©�,tv���,���0xm�,w �"�����,�0���*�n¸?�,tvx
�¡�n� � }��¡¿����0�m�l���n�?�,�S�0�0xmwaÇ
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{S�m}~���nÍ¶}�� �¾�0�m}�xm���,}ÆÅ/�*�0�n¸Q�Î¹<�n�0x*�/���E»��n¥¦x�¸Q���È���lwXxm�,}��¡�n�;�"��w��l�l�E�n�,}����v� }~�Á�Â�v�0xm�ÖÉÒ¸Q�,}�xm� � �~�Xxm��¿S}~�0���lwXxm���¡Ç
�´wX���l¥X}~���v�0x�¸Q�l�;¸Qx¡�n�,�l�0x"�¡¢v¹Èx�¹ xm�0x¾}~���0xm�0x"�0�0x � �/�n�,�,}��m�l���n�,�~�À}~�ÚÔ

+ !´�l� � �0x � �*�n¸�Íl�l}~�~�ÖÉ }~�aw¶�n�,tÀ¸Q�l�v�m�,}����v��K^�vxm¹ �l�,}~w�}~�,}~¿¦x"�´�¡�n�ax¡���,}~�~�ÁÍ;x¾� �l� x � M�Ç
+ �´�;xm�¼�,�,�,�v�m�,�l�0x KQx¡���,�©}~���0xm�Ö¸Ò���m}~�l¥©¹�}~�,t¼Õv���,�,�E�n�Ð�n� � ³#¿�}������l�~}~�vx � ���/�nw�}����~}~�l»AM�Ç
+ {�}~¥��/�n�r�l�0���"x"�0�0}~�l¥X�~}~Íl�E�n�,}�x"�
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+ {S���ltl}��0�,}��¡�n�0x � }~���0xm�,�l�0xm�0xm���n� � �l�0��¥��E�nw�w�}~�l¥©���n�l¥��/�n¥¦x¾¹�}~�,t¼ÛÐ�n�,���nÍjÉ �~}~»¦x¾�,�S���E�\�cÇ

+ {S�m}��"���Ñ¢/�n�a}~���0xm�E���m�,}~¿¦x(xm��¿S}~�0���lwXxm���´¸Q����wX� � xm�~}~�l¥©�n� � �0}~wD�l���n�,}����Ó�n¸ � �S�/�nw�}��¡�n�r�,�j�,�0xmwX�¡Ç
×·x¾�v�Ex��,tvx�{l³ Ã,³���{a���*¹Èxm�~�C���*�,tvx�{l³ Ã ° �?ÄL�l�0��¥��E�nw�}~�l¥vÔ �,tvx�{l³ Ã,³���{�¥��E�n�ltl}��¡�n�C�l�0��¥��E�nwX�*¹ xm�0x
�0tv�S���0xm��}~�X�?�;x � �n¥¦��¥�}��¡�n�v��Íj�Öx"�m�,}Æ¸�¸Q����wXx � }��¡�n�l�v�0xm�0�Ñ¢�Í�x"�¡�n�v�0x<}~�:xm¿S} � xm�v�"x"�:�,tvxÈÜ/�¡¹ �Et/�n�,�:�l�0���"x"�E�,}~�l¥
�n� � w¶�n»¦x"�(�/�n�E�nwXxm�0xm�0��x¡���Exm�~�i� � � �v�,�E�nÍl��x�Çh� {l³ Ã,³���{i�n�l�l�~}��¡�n�,}����5}���x¡���,���0�h� � �n�l���0� � }GF;xm�0xm���
»S}~� � �È�n¸Ú�m�~}~�l}��¡�n�c�n�l�l�~}��¡�n�,}����v�¡ÝjwX���0xm¿¦xm�¡¢S}~� }��È}~���0xm�Ö¸ ���"x � ¹�}~�,ta³½��� ÕÐ�~}~Íl�E�n�,}�x"�¡¢S�,t/�n�<�n�~���Ñ¹�� �0�(�m�0x¡�n�0x
�vxm¹L¸Q�l�v�m�,}����v�´�n� � �,�a�v�ExÂ�,tvx¾x��S}��0�,}~�l¥X���vx"�
s<tvxX{l³ Ã ° �´Ä>�l�0��¥��E�nwX�Â¹Èxm�0x��Etv�����Exm�Ð¸Q���¾�n�l�l�~}��¡�n�,}����v��¹�}~�,tv���l���;x � �n¥¦��¥�}��¡�n�Ê}~���0xm�0x"�0�¾���?¹�tvxm��¹ x
¹ �n���0x � �0���v�Ex��0��wXx��l�0x � x�Åv�vx � ¸Q�l�v�m�,}����v�*�,�v�EtÓ�����,tvx¾�0�l�~}~�vx"�<¸Q�����,tvx¾�0x"�E�nw��l�~}~�l¥vÇ


BA �&A � �  �  + �  ¬ ã �%¬\­ �I¯?­ � ß�� ­ �  � ß
� �0}~w��l��x�x��l�nw��l��x��n¸c�¾{l³ ÃÖ³���{ � }��n¥��E�nwÌ}���}~�~�~�v�,�,�E�n�0x � �����,tvx Åv¥��l�0x��jÇ�ÃÎ�:�"��w��l�l�0x"� �,tvx<wXx¡�n�v� �n� �
�,�E�n� � �n� � ² � xm¿S}��n�,}����v�*�n¸C�n�a�´�1�,}~¥��/�n� ¢j�l�����0�<�,tvxÂ�E�"¹ �´�1�n� � �,tvx?wXx¡�n�v�����À¥��E�n�ltl}��Â¹�}~� � �Ñ¹��*�n� �
¹��,}~�0x"� wXx¡�n�v���n� � �0�E�n� � �n� � ² � xm¿�}��n�,}����v�����a�n�����l�,�l�l� Åv��x�Ç:ÃÎ�<�,tv�¡¹�� � }GFcxm�0xm����xm��xmwXxm���E�n�,�À{l³ Ã,³���{
Íl���S�0»j�È�n� � �,tvxm}~� � }��n����¥D�/�n�vxm���¡¢¦¹�tvxm�0x?�n�0x � x�Åv�vx � �,tvx��/�n�E�nwXxm�0xm�0�¡Ç
�*�lwXxm�,}���¿��n�~�vx"�Ê�¡�n�XÍ;x*�:Fcx"�m�0x �
�0���,tvxmw>�,tl�0���l¥�t��,tvx ¥¦xm�vxm�E�n�j�"�����0x��j�¡Ç�ÃÎ��{l³ ÃÖ³���{�¢��n�~���,}~wXxÈ�0xm���n�0x � ¿��n�~�vx"���n�0x x��j�l�0x"�0�0x � }~�(�Ex"�"��� � �¡Ç
s<tvx"�0x � }��n����¥X�/�n�vxm���?�n�0xÂ�,tvx�}~���0xm�Ö¸ ���"x�¹�}~�,ta�,tvxÂ�~}~Íl�E�n�,�À�n¸Ê³1���<¸Q���,�,�E�n�a¸^�l�v�m�,}����v�¡Ç:s<tvx�¸^�l�v�m�,}����¼�n¸
}~���0xm�Ö¸ ���"x KQ��� � �E�"¹�}~�l¥a¸Q�l�v�m�,}�����M¾���¾¹Èxm�~� ���¾�,tvxX�,}~wD�l���n�,}����i¸^�l�v�m�,}����Z�¡�n�·Í�xX} � xm���,}ÆÅ/x � Í����m�~}��0»S}~�l¥
}~���,tvxXã ¨�� ß ®�« wXxm���i�n¸<�,tvx©{l³ ÃÖ³���{ 	 w¶�n}~�Z¹�}~� � �¡¹Ì�����Áß « �;� ,Îã7¢Ú����}~�~�~�v�,�,�E�n�0x � ���i�,tvx�Åv¥��l�0x�yvÇ
s<tvx��l�0x � x�Åv�vx � Íl�����E»S�Ñ¢;���?¹ xm�~�:���Â�,tvx��¡�n� � }��¡¿����0�m�l���n�D�n� � �0x"�,�l}~�E�n�0���,�ÓÍl�����E»S� K ³ÈØÂ�¾²�Íl���S�0»j�8M�¢c�n�0x
�,�0�S�0»¦x � }~���/�n��xm�,�0x"���n� � �¡�n�ÁÍ;x?�v�0x � �0�DÍl�l}~�~���vxm¹ �n�l�l�~}��¡�n�,}����v�¡Ç s<tvx"�0x?�/�n��xm�,�0x"���¡�n�ÁÍ;xÂ�0xm��x"�m�0x � Í��
�m�~}��0»S}~�l¥ �?­ � ß «"« ß ª }~�À�,tvx�� ä-��« wXxm��� KQ�0x"x�ÕC}~¥¶�3M�Ç

 �� �
�
¨ � ã ®
	cª¦¯ � @/=�� � 
 � @��Â�"��w��l�l�0x"�Â�,tvx¾wXx¡�n�v���n� � �0�E�n� � �n� �Ó� xm¿S}��n�,}����v�Â�n¸��,tvx(}~�l�l�l�Â�,}~¥��/�n�

����Ål�lx � ¹�}~� � �¡¹�� �n¸B�Î�l�;��}~���0� �EÇ�� < � @%58< ����=����"��w��l�l�0x"� �,tvx��,}~wXx�}~�X�0x"�"��� � �:¸Ò���Êx¡���0t©�0x"�E�nw��l��x � �´�DÇ

���  �r« áEã �r«  �r«´¨ � ã ®
	cª�¯ �/@B=3: E�� 
�� <&�0? � 
�
.� @:�n� � � � <&
 @�
 
 
�� 
 ? � 
�
.� @��n�0x��v�0x � ¸Q��� ���E�m}~}jÅv��x"�:�l� � xm�
� }GFcxm�0xm���C¸Q���,w¶�n�0�ÑÇ7s<tvx Åv¥��l�0x%� � xm�E�n}~���C�,tvx � �8<)
 @ 
 
 
�� 
 ? � 
�
.� @r�l�0x � x�Åv�vx � Íl���S�0»;¢�Í;x"�¡�n�v�0x }~�C�l�0x"�0xm���0�
���/�n�,�,}��m�l���n�,}~�Î�;ÔÊ�,tvx�Åv�0�,���"���~�lw��¼�n¸��,tvx����l�,�l�l��Åv��x�}�� � x � }��¡�n�0x � �0���,tvx�{l³ ÃÖ³���{Á�,}~w(�l���n�,}����Ó�m���S�0»;Ç
s<tl}���x��j�l���n}~�v�Â�,t/�n�?�,tvx�}~�l�l�l���,} �¡x�}����j¢�¸Q���?�,tvx��*��wXx¡�n�v�¾�n� � �,�E�n� � �n� � É � xm¿S}��n�,}����v�(�n� � �,t/�n�Â�,tvx
���l�,�l�l��¸Ò���,w¶�n��}�� �j¢S¸Ò�����,tvxD{l³ Ã,³���{��,}~wD�l���n�,}����h�m�����E»�¢v�,tvx¾�*�LwXx¡�n�v�´�n� � �,�E�n� � �n� � É � xm¿S}��n�,}����v�¡Ç
s<tvxÁ�Î¹ � ����
 � C�5��0xm� � xm¿¦xm���0��¸Ò�����,tvxÀ���m�,}~¿��n�,}����I�n¸*�,tvxÁÍl�����E»S�ÑÇ·s<tvxÁ�0x¡� � }~�l¥·�m�����E»Ï���m�0��¹�}~�,t5�,tvx
�E�nw��l�~}~�l¥Ð¸Q�0x"���vxm�v�m�Z�n¸´�,tvxÁ}~�l�l�l� � �n�E�jÝÈ�,tvx��¡�n���m�l���n�,}���� �m���S�0»5���m�0��x¡���0t5�,}~wXxa�ÓwXx¡�n�5t/�����0�ÓÍ;x
�"��w��l�l�0x � Çis<tvx��º¹È� 5 � 
8?T@85��l�������,tvx©�E�¡¹4�*�G�,}~¥��/�n���n���,tvxÁ�0x¡� � }~�l¥��,t��S�,tlw �n� � �,tvx©wXx¡�n�I�´�
�,}~¥��/�n�7�n���,tvxD�¡�n���m�l���n�,}����¼�,t��S�,tlwaÇ

¨C¬\­ � ® D � � ��¨ � ã ®
	cª¦¯ s<tvx�� ����}��*��wD�l�~�,}~�l��x��lxm�¡¢%�n�~���Ñ¹�}~�l¥¶�0�X� � �n�l���,tvx��º¹È�X���l�,�l�l�0�´�n¸C�,tvx � @B=��
� 
 � @��*Íl���S�0»Á�0���,tvx¾���vxÂ}~�l�l�l�´�n¸C�,tvx�� � <)
 @ 
 
 
�� 
 ? � 
�
.� @ Íl���S�0»;Ç

��.%ß � «¡ªÁ¨ � ã ®�	 s<tvx � �����½Íl�����E»�t/���?���l�l}����vx(���m�,}~¿��n�,}����Ú¢;�n�*�,tvxD�Ex"�"��� � �����j¢%���´�v���,}ÆÅ/x � }~�Ó�,tvx
� �9@ ��
 = 
 
><&� @�������Ç

$&%GO'$)(



���������
	�� �

reading
clock

calculation
clock

ÕC}~¥��l�0x��jÔ�� �3=���?C� @ 
 E�= � 	��0	 � � ? � 
 ���B=�� <&� <)
�5���� = ?B	!< � @�� ��<&� 
�� � @���
 � � <)

	
5 
�� @ < �4? � 
�5�� 
�� 
 ? � 
�5 �
�/=�� � ��� = 
><)
�� � ���B=��C��	!<&� � ��@��9@�� 
�5 ����
 � C�5 =��H:�

	 @;< �E� 
���
 @ ��
 D

O2P
Q4RTS;U8V8W



�¡� ���/:0<����T@��	��
���
><����6=����/@������A@

Õ7}~¥��l�0x¾yvÔ�� @��H@��B=���<&��E 
���� = 
><)
�� 
�� = � 	��0	 � � ����
 � C

$&%GO'$)(



���������
	�� ���

ÕC}~¥��l�0x��jÔ����l�nw��l��xÂ�n¸r�º¹È���/�n��xm�,�0x"�¡Ô��,tvx¾³ÈØÂ�#�/�n��xm�,�0x�¢ � x � }��¡�n�0x � �0� ° �?�7±�²´³ �9�n�l�l�~}��¡�n�,}����v�¡¢v�n� �
�,tvx¾Ãº�l�l�l�0�"²´�´�l�,�l�l�0���/�n��xm�,�0x�¢/�l�0x � x�Åv�vx � }~�Ó{l³ Ã,³���{

O2P
Q4RTS;U8V8W



�¡� ���/:0<����T@��	��
���
><����6=����/@������A@

ÕC}~¥��l�0x �jÔ�� @ 
 =0<
��= � 
�� 
 

	 @*¹��,}~�0x��0�����l�,�l�l��Åv��x � 	��0	 � � ? �/@B:!@ 
 �H@B: E�� �C� 
><�
��

$&%GO'$)(



���������
	�� ���

$&%�� �������
�
���	�
3 �C9�� <=5&2�

< �B-��B9,;�5 ;=/10,9

sÚ¹ �Xw¶�\�,����»�}~� � �´�n¸C�l�0��¥��E�nwX�?�n�0x¾� � �n�l�0x � �0���¡�n� � }��Ñ¿����0�m�l���n���n� � �0x"�,�l}~�E�n�0���,�À�,}~¥��/�n���¡Ô

s<tvxÁÅv�0�,�X�"���v�"xm�,�v���,tvx��l�0�S�"x"�0�,}~�l¥·�n¸Â�,tvx��E�"¹4�0}~¥��/�n�����0����Íl�E�n}~�½�,tvxa�¡�n� � }������,t��S�,tlwa¢ �,tvx�Íl����� �
�l�0x"�0�,�l�0x��n� � �0x"�,�l}~�E�n�0���,�a¿��n�~�vx"���n�?�,tvx����v�0xm�Â�n¸ �©�¡�n� � }����(�;x¡�n»;Ô��*� ¸^�0��wA�,tvx�xm��x"�m�,�0���¡�n� � }���¥��E�nw
K �È³ �$M�¢j�,tvx��0�S�,�0���~}�� K {SÄ<� M<�n� �À� }����,�0���~}�� KQÙÂÄ<� MÈ¿��n�~�vx"� ¸^�0��wG�,tvx?Íl���S� � �l�0x"�0�0�l�0x�ÇÊs<tl}��<�l�0���"x"�E�,}~�l¥
�"���v�"xm�,�v�¾�,tvx � xm�0x"�m�,}����Z�n¸��,tvxXxm¿¦xm���0�(�n¸ }~���0xm�0x"�,���n� � �,tvx��0x"�E�nw��l�~}~�l¥Ó�n¸<�,tvx��0x"�,�l�~�,}~�l¥Ó�,}~¥��/�n���¡Ç¶Ãº�
¹�}~�~�ÚÍ;x��¡�n�~��x � � + ¨7« ß � «�� ã � ã2, ®¦­l¬\ä-� ã). ­lªÑ®�� �^­l¬©­ � ä#¬ ß ª  �U¬n­j« ã ¬ à «�� � ß ª ß ¬0� ß ª �EÇ

s<tvxÀ�0x"�"��� � �"���v�"xm�,�v�X�,}~wXx�¢Ê¸Q�0x"���vxm�v�m�½�n� � �,}~wXx�ÉÒ¸Q�0x"���vxm�v�m�5wXxm�,tv� � ��¸Q���¶�n�/�n�~�j�,}~�l¥��,tvx"�0xÀ�0}~¥��/�n���
¿��n�,}��nÍl}~�~}~�,}�x"�¡Ç:ÃÎ� ¹�}~�~�/Í;x��0xm�/�n�E�n�0x � }~���0� � �  Êß ®�«¡¬n­ �C­ � ­ � à ª��^ª ���n� � � I � � ß�á/. ­l¬ à � � �a­ � ­ � à ª��^ª �*�n� �
� I � � ß ­ � ­ � à ª"�Uª �EÇ

s<tvx©�Î¹È�h»S}~� � ���n¸��l�0��¥��E�nwX�(�v�Ex¶¥¦xm�vxm�E�n�<�l�0xm�l�0�S�"x"�0�,}~�l¥hwXxm�,tv� � �¡¢Ê���DÅv�~�0xm�0�¡¢�¹�tl}��EtÏ¹�}~�~�ÈÅv�0�,���l�0x�É
�0xm���0x � Ç
s<tvx������,�¾�0x"�m�,}�����¹�}~�~� Í�x��Á�l�E���m�,}��¡�n�Ê�l�0x"�0xm���E�n�,}����Z�n¸ �,tvx�tl}�xm�E�n�0�0t��·�n¸ �,tvx ° �?�7±�²´³ � � }~�0x"�m�0���,}�x"�
�n� � �n¸��,tvxÂw¶�n}~�a}~�v�,�,�,�v�m�,}����v�´�0���m�0x¡�n�0x��vxm¹ �l�0��¥��E�nwX�¡Ç

O2P
Q4RTS;U8V8W



�my ���/:0<����T@��	��
���
><����6=����/@������A@

� ��.0!�'���)��5�;������
��C�:-/-%.0'(!(	��Ó.0'�.Ö�%� H @µ��6�)0-%� �>�:-v�Á
�'�-/����)Ö�%���;-

� %'$ � )
0�/'4 � 0�� ;=)��
	 /�9
/ ;!� 7 ) 
 @ 2'-�� � �B- 
�0�9 - � &�2 ;!� <"-

Õv�����n����»S}~� � �n¸��,}~¥��/�n� �l�0���"x"�E�,}~�l¥v¢����i�E�"¹
�,}~¥��/�n�������D¹ xm�~�<�������i�0x"�,�l�~�,}~�l¥Ð�*� �n� � Ä<�>�0xm�,}�x"�¡¢��
�l�0xm�l�0�S�"x"�0�,}~�l¥Ð}����v�,�/�n�~�~� � ���vxÁ�0�¼»¦x"xm�½���l�~�ixm¿¦xm���0���n¸*}~���0xm�0x"�0�(¸Ò�����,tvx��n�/�n�~�j�,}��¡ÇÐÃº� ° �?�7±�²´³ �(¢
ÕC}~�l}~�0x(Ãºw��l�l���0x��*x"�,�;���v�0x¾Åv�~�0xm�0�6KQÕ�Ã � M*�n�0xD�,tvxDwX���,�?�n¸Q�0xm�h�v�0x � Í;x"�¡�n�v�0x(�,tvx � xm���¡�¼¥¦xm�vxm�E�n�0x � �¡�n�
Í;x�x��l���m�,�~���¡�n���m�l���n�0x � Ô

����
��������
������
����
�

! KÖ��M

¹�tvxm�0x ����
�������}����,tvx¾���lwDÍ;xm�Â�n¸��E�nw��l��x"�*Í���¹�tl}��0tÓ�,tvx¾�,}~¥��/�n�Ú}�� � xm���"�¦x � �n� � ������
 �h}����,tvx����lwDÍ;xm�
�n¸:�"��x�!¶�m}�xm���0�´�n¸��,tvx?Åv�~�0xm�¡Ç

s<tvxÂÅv¥��l�0x6���,tv�¡¹��?��Åv�~�0xm�,}~�l¥¶�l�0��¥��E�nw }~�À�,tvx({l³ Ã,³���{Àxm��¿S}~�0���lwXxm���¡Ý%�,tvx�×1Õ�Ãº� K^×#}~� � �¡¹�}~�l¥
ÕC}~�l}~�0x�ÃÎw��l�l���Ex?�´x"�,�;���v�0x�M:�l�0�S�"x"�0� Åv�~�0xm�0�<�,tvxÂ�E�¡¹ �,}~¥��/�n�#">�n� � �,tvx¾{�}~¥��/�n�ÚÙÂxm���"�Á�l�0���"x"�0� � xm���¡�S�$"
Í�� ���%
����&�¼�E�nw��l��x"�¡¢��0�©�E�"¹��n� � Åv�~�0xm�0x � �0}~¥��/�n���´�0xmw¶�n}~�Ð�,�S�v�0tl�0���l}��0x � Ç�s<tl}��´�;��}~���Â}���¸Q�l� � �nwXxm���E�n�
¹�tvxm�Ó�n�/�n�~�j�,}~�l¥X�,tvxÂ�,}~wXx��0xm���n�,}����v�0tl}~�v�*Í;xm�Î¹ x"xm�¼�Î¹ �¶���0xÂwX���0x¾�0}~¥��/�n���¡Ç

filtered X

delayed X
raw X

ÕC}~¥��l�0x��SÔ�� @�� @�� = ����< @ � 
BE = ��<&�A<)
 @ �#��? ��� 5�@ � @85 ? 
��T5�@�
.��
 @��

$&%GO'$)(



���������
	�� �¡�

� %�� ���?5 ) 
 2%�B- 0�� 	 /'9 / ;!� 7�) 
 @
2�- � � �B- 
�0�9
-�� & 21;!� <"-�� 5&>
5 

;!�B> ; 0 ��� -�� <"/%�C-

s<tvx��º���;x"�¾�n¸<×#Õ�Ã �&�v�0x � }~� ° �?�7±�²´³ � �n�0x�Í/�n� � É �/���0�¡¢rtl}~¥�tjÉ �/���0�(�n� � ���Ñ¹<É �/���0�¡Ý7�,tvxm�·�n�0x�}~�~�~�v�ÖÉ
�,�E�n�0x � ���©�,tvx´�vx��S�ÈÅv¥��l�0x"�¡¢��v�,}~�l¥��*��É �~}~»¦x´�0xm�,}�x"�<��Íl�E�n}~�vx � Í��¶�,}~���v�0��} � ¥¦xm�vxm�E�n�0���0���n� �,tl�0x"x*¸^�0x"���vxm�jÉ
�m}�x"�¡¢;�m�����0x(�0�¶�lt��S�0}�������¥�}��¡�n� � ��w¶�n}~� KÒ�jÇ �j� ! �¦¢;�j¢~�¡� ! �¦¢;�jÇ ��� ! �"M�Ç � ���EtÐÅv¥��l�0x(�0tv�¡¹��Â�,tvx(�E�"¹��n� �
Åv�~�0xm�0x � �0}~¥��/�n����}~�a�,}~wXx K^}~�Ó�0x"�"��� � �8M��n� � ¸^�0x"���vxm�v�m�NK^}~� ! �"MÈ�0xm�l�0x"�Exm���E�n�,}����v�¡¢%�,tvx � }��n����¥X�/�n�vxm���n� �
�,tvx�¥��nÍ/�n�,}~�<�n¸Ú�,tvx*�Etv���0xm�Á×#Õ�Ã �DÇ¦s<tvx*¥��E�n�ltl}��*�0xm�l�0x"�0xm���E�n�,}����À�n¸Ú�,tvx�¥��nÍ/�n�,}~� }��È��Íl�E�n}~�vx � x¡���0tÁ�,}~wXx
���vxÁxm���0xm�0��}~�Ï�,tvx � }��n����¥Ð�/�n�vxm� ÝÈ}~���n�~���Ñ¹����,tvx¶�v�0xm���0�hx¡���0xm�~�Z� � �Ö�v�,�D�,tvxÁ�/�n�E�nwXxm�0xm�0���n¸��,tvx©Åv�~�0xm�
���"�"��� � }~�l¥¼�0�a}~�0���vx"x � �¡ÇX���m�,�/�n�È���lwXxm�,}��X¿��n�~�vx"�D�n�0x¶� �l� x � �0�À�,tvx�Åv�~�0xm�¾�/�n�E�nwXxm�0xm�0�(}~�ix¡���0tZ�¡���0x�Ç
Õv���´�,tvx¾tl}~¥�tjÉ �/���0�?�n� � ���¡¹<É �/���E�*Í/�n� � �¡¢%���l�~���,tvx¾���¡¹ ¸^�0x"���vxm�v�m�À�m�l�0� F·}����E�n»¦xm�Ó}~���0�©���"�"���l���¡Ç�s<tvx
Åv�0�,��×1Õ�Ãº� KQÕC}~¥¶£3MÈ}�����Í/�n� � É �/���0��Åv�~�0xm��¹�tl}��0tÓ»¦x"xm�v���,�;x"�m�,�E�n�r���m�,}~¿�}~�º�ÁÍ;xm�Î¹ x"xm�Ó�jÇ �ny©�n� � �jÇ ��� ! �¦¢
�0�Á¸Ò���m�v�0x����i�,tvxX�jÇ~� ! �¦Ç�s<tvx��Ex"�"��� � ×#Õ�Ã � KQÕC}~¥Ó�3M´}��D�n��tl}~¥�tjÉ �/���0�¾Åv�~�0xm�¾¹�tl}��0tZ»¦x"xm�v�¾�,�;x"�m�,�E�n�
���m�,}~¿S}~�Î�Ð�¡¿¦xm�D�jÇ �ny ! �¦¢;�0�©¸Ò���m�v�Ex(�����,tvx��jÇ~� ! �X�n� � �,tvxX�jÇ ��� ! �¦ÇDs<tvx��,tl}~� � ×1Õ�Ãº� KQÕC}~¥��¡�3M´}����
���¡¹<É �/���E�*Åv�~�0xm�Â¹�tl}��EtÓ»¦x"xm�v�Â�,�;x"�m�,�E�n�����m�,}~¿S}~�Î�¼Í�xm���Ñ¹&�jÇ �ny ! �¦Ç*s<tvx��,} �¡xD�n¸Ê�,tvxDÅv�~�0xm� K^}~�Ó���lwDÍ;xm�Â�n¸
�;��}~���0�8M �¡�n�¶Í;x*�Et/�n�l¥¦x � �0��� � �Ö�v�,� �,tvx?�,�,}GF;�vx"�0� �n¸Ú�,tvx*Åv�~�0xm�<�n� � }~�Á�E��wXx*�¡���0x"�¡¢��,tvx�¥��n}~�Á}��È�0x � �v�"x � ¢
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WFIR filter : low-pass
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s<tvx�¹�tv����x©Ü/�¡¹ �Et/�n�,���l�0���"x"�E�,}~�l¥Ð}����,tvx¶¸Ò���~���¡¹�}~�l¥vÔ��,tvx��Àß « ß ®�«�� ã � �l�0��¥��E�nw � xm�0x"�m�0���,tvx�xm¿¦xm���0�
�n¸Ê}~���0xm�0x"�0�*¸Q�0��w �,tvxD�E�"¹��¡�n� � }��¡¿����0�m�l���n���,}~¥��/�n���¡Ý��,tvx¾�0x"�0�l�~�,}~�l¥Á�´�D¢�{SÄ<�C¢%ÙÂÄ<�C¢%�ÊÃ<�,}~wXx��0xm�,}�x"�Â�n�0x
�,tvxm�¼¿��n�~} � �n�0x � Í��À�,tvx �'�Uª �r­ �^ä ß « ß ®¦«�� ã � �l�0��¥��E�nwµ�n� � �0x"�E�nw��l��x � Í��a�,�l�~}~�vxÂ¸Q�l�v�m�,}����v�*}~�¼�,tvx �Áß�á
ª¡­ �  �>� � � �l�0��¥��E�nwaÇÀ�<�(x¡���EtZ�,�0xm�Ï�n¸<�,tvxX�l�0���"x"�0�0}~�l¥v¢7�,tvx¶�¡�n� � }��¡¿����0�m�l���n�X�n� � �0x"�,�l}~�E�n�0���,��¿��n�~�vx"�
�n�0x����"�"��w��/�n¥��l}�x � Í��a�,tvxm}~�Â���"�m�l�,�0xm�v�"x�}~�h�,}~wXx�Ý;�,t/�n�´}��Â�¶wXxm�,tv� � �0�¶»¦x"xm�h�0xmw��;���E�n�C�0xm���n�,}����v�?Í;x�É
�Î¹ x"xm�¶�,tvx � }GFcxm�0xm���È�,}~wXx"�Ê�0xm�,}�x"�¡¢��n� � �,t��v�¡¢��0���l�0�S�"x"�0�:�,tvxmw��0��¥¦xm�,tvxm�È�n� � �0�¾x"�,�E�nÍl�~}��,t��0xm���n�,}����v�,tl}~�v�
Í;xm�Î¹Èx"xm�5�,tvxmwaÇhs<tvx � xm�0x"�m�,}����5�l�0�S�"x"�0���n�l�l�~}�x � �0�Ó�,tvx©xm��x"�m�,�0�S�¡�n� � }���¥��E�nw K �È³ �$M�¢��n�,�0xm�,}��n�<Íl����� �
�l�0x"�0�,�l�0x6KQ�?Ä � M�¢¦�l�0� � �v�"x"�È�,tvx*¸Ò���~���¡¹�}~�l¥��,}~wXx´�0xm�,}�x"�Ñ¢��l�0x"�0xm���0x � }~�¶�,tvx?ÃÎ���,�0� � �v�m�,}����ÚÇ��È���0tÀ�n¸Ú�,tvxmw
�"���v�,}��,�0�*�n¸:��¿¦x"�m�0���?�n¸7�Î¹ �¶�"���~�lw��v�¡ÔÊ}~�0��¿��n�~�vx¾�n� � }~�v�,�E�n���´�n¸ � xm�0x"�m�,}����ÚÇ

+ s<tvx � xm�0x"�m�,}����¼�l�0�S�"x"�0���n¸��,tvx�� �;x¡�n»¶¸Q�0��wG�,tvx �È³ ��¢/�¡�n�,�,}�x"�*���l���,tvx��´��É }~���0xm�,¿��n�r�0xm�,}�x"�

+ s<tvx � xm�0x"�m�,}����©�l�0�S�"x"�0�È�n¸Ú�,tvx�w¶�\�S}~w(�lw
�n� � �,tvx�w�}~�l}~w(�lw ¿��n�~�vx"�:¸Q�0��wÌ�,tvx´�´Ä<�C¢��¡�n�,�,}�x"� ���l�
�0x"�0��x"�m�,}~¿¦xm�~�©�,tvx?�0�S�,�0���~}�� K {SÄ<� M �n� ��� }����,�0���~}�� KQÙÂÄ<� M �,}~wXx?�Exm�,}�x"�<�n� � �,tvx?�l�l���0x?}~���0xm�,¿��n��KQ�ÊÃBM
�,}~wXxD�0xm�,}�x"�¡Ç

Õl�0��w �,tvx¾�0x"�,�l}~�E�n�0���,�¼�0}~¥��/�n�7���l�~���,tvx¾Íl�0x¡�n�,tl}~�l¥©¸^�0x"���vxm�v�m�À}��*x"�0�,}~w¶�n�0x � }~�¼�,tvxDwX���,�?�n�l�l�~}��¡�n�,}����v�ÑÇ
Ãº�À�,tvx"�0x¾�¡���0x"�¡¢j�,tvxÂ�E�¡¹9�,}~¥��/�n�ct/�����v���/�n�,�,}��m�l���n�´xm¿¦xm�����0� � xm�0x"�m�´�n� � }��*�,}~w��l�~�©�0x"�g�nw��l��x � Ç
s<tvx � xm�0x"�m�,}����#�l�0�S�"x"�0�0x"�¶�n�0x¼}~w��l��xmwXxm���0x � }~� �,tvxÓ{l³ Ã,³���{5¥��E�n�ltl}��¡�n�Âxm��¿S}~�0���lwXxm����¹�tvxm�0x¡���©�,tvx
¿��n�~} � �n�,}����¼�l�0�S�"x"�0���n¸:�,tvx � xm�0x"�m�,}������n� � �,tvx��0x"�E�nw��l�~}~�l¥Á�l�0���"x"�E�*�n�0x�}~w��l��xmwXxm���0x � }~�a�,tvx�{l³ Ã ° �?Ä
xm��¿S}~�0���lwXxmwD�¡Ç
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 �D¬9� � ®!�  � ßaã�, ­�ä ß « ß ®�«�� ã �  ¬ ã �/¬n­ �
s<tvx � xm�0x"�m�,}����Á�l�0��¥��E�nwX�<�n�0x�Íl�l}~�~�È���©�,tvx��E�nwXx´�0�0tvxmwXx´}~�X�,tvx?{l³ Ã,³���{�xm��¿�}~�0���l�lwXxm���¡Ç s<tvx�Åv¥��l�0x"�
�¡�X�n� � ����}~�~�~�v�0�,�E�n�0x��,tl}����l�l�,�;���0x��v�,}~�l¥��,tvx¾�´� � xm�0x"�m�,}����¼�l�0�S�"x"�0�,}~�l¥vÇ

I D ß � ß � ß ¬n­ � . � ß¦â ã2, « D ß  ¬ ã �%¬\­ � }��À�,tv�¡¹��L���1�,tvxÓÅv¥��l�0x½�¡�jÇ � ���0t � xm�0x"�m�,}����LÍl���S�0»�}��
���"�"��w��/�n�l}�x � Í��D� � � �B� : @�� =47ÊÍl�����E»�¹�tl}��0t��,�S�v�0tl�0���l}��0x"�C�,tvx �0}~¥��/�n���¡¢n���"�"��� � }~�l¥Â�0�*�,tvx�� � �B� :!@�� =07
�n�l�l�~}�x � }~���,tvx � xm�0x"�m�,}�����Íl���S�0» KQ�Ex"x �,tvx �/�n�E�n¥��E�n�ltX�:�0xm�l�0�S�"x"�0�,}~�l¥ M�Ý��º¹È�����l�,�l�l�0�Ê�n�0xÈ¥¦xm�vxm�E�n�0x � Ç:s<tvx
Åv�0�,�¾���l�,�l�l�¡¢C�,�S�v�0tl�0���l}��0x � ���i�,tvx��0x¡� � }~�l¥Ó�m���S�0»;¢Ú}�� � x � }��¡�n�0x � �0�a�,tvx��E�"¹Ì�0}~¥��/�n���D�n� � �"�����E�n}~�v���
�,}~wXx��"���l���0xm�D}~�Ð�Ex"�"��� � �¡¢c�,tvx��E�"¹Ì�n� � �,tvx�Åv�~�0xm�0x � �,}~¥��/�n���ÑÇDs<tvx��0x"�"��� � ���l�,�l�l�¡¢Ú�0���v�Etl�0���l} �¡x � ���
�,tvx � xm�0x"�m�,}����Ð�m�����E»�¢v}�� � x � }��¡�n�0x � �0�X�,tvxD�*� �,}~¥��/�n�C�n� � �"�����E�n}~�v�*�,tvx(�*�L¿��n�~�vx"�´�n� � �,tvxm}~��}~�v�,�E�n���
�n¸ � xm�0x"�m�,}����ÚÇ s<tvx�¥¦xm�vxm�E�n�r�"�����0x��S��¸Q�����,tvxÂ�/�n�E�nwXxm�0xm�0�´}����0xm�l�0x"�0xm���0x � ���À�,tvxÂÅv¥��l�0x¶�myvÇ
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 � CÂ�����,tvxÂ�l�0x"�"x � }~�l¥�Åv¥��l�0x
}��¾�v�Ñ¹ � x"�E�m�,}~Í�x � ���i�,tvxXÅv¥��l�0xÓ���jÇÀs<tl}��(Íl�����E»��l�0x"�0xm���0���,tvx¶�Î¹È�Ó�/�n�E�n�~��xm� �/�n�,�0�(�n¸��,tvx � xm�0x"�m�,}����
�l�0�S�"x"�0�,}~�l¥v¢��,tvx¶Åv�0�,�¡¢:¹�tl}��0t½�"���l� � Í;x¶�¡�n�~��x � �l�0x�É � xm�0x"�m�,}����Ú¢Ê�0�Ó�����¡�n�~} �¡xÁ�,tvx	�?�?{i�"��w��l��x��Z}~�Ï�,tvx
�È³ ��¢v�,tvx¾�0x"�"��� � ¹�tl}��0th�"���l� � Í;x��¡�n�~��x �a� xm�0x"�m�,}����Ú¢v�0���l�0x"�m}��Exm�~� � xm�0x"�m�´�,tvx�� �;x¡�n»�Ç

+ s<tvx�Åv�0�,�¾�/�n�,�D�n¸<�,tvx��l�0�S�"x"�0�,}~�l¥v¢7�l�0x�É � xm�0x"�m�,}���� KQ�0xm�D�n¸<Íl���S�0»j�¶��M?�"���v�,}��,�0�(�n¸��n�Ï� � �n�l�E�n�,}~¿¦x
Åv�~�0xm�¡¢´¹Èxm�~�ÆÉÎ�0�l}~�0x � ¸Q���Á�����l¥5�,}~wXxÓ�0xm�,}�x"�Á¹�}~�,t1wX���,�ltv������¥�}��¡�n�D�Et/�n�l¥¦x"�¡Ç&ÃÎ�©¸ �"¿¦���l�0���,tvxhtl}~¥�t
¸Q�0x"���vxm�v�m�Áxm¿¦xm���0�*�n¸7�,tvx��¡�n� � }��Ñ¿����E�m�l���n�´�,}~¥��/�n���¡¢l�0�v�0t¼�����,tvx
�?�Â{Á�"��w��l��x��Á}~�À�,tvx �È³ ��Çvs<tvx
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raw signals 

RR vector

ECG

clock of RR detection

reading clock (at ECG sampling frequency)
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�l�0x�É � xm�0x"�m�,}���� }��D�,�,�vx�¢:�,tvxÁ�0x"�,�;���v�0xÁ�n¸*�,tvx¶Åv�~�0xm��}���� � �n�l�0x � ¹�}~�,tI�a�;xm�0�"xm�����n¸*�,tvx��m�l�,�0xm���
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�� �0@��)� @��C� @mÇ´�*�h� � �n�l�E�n�,}~¿¦x¾�,tl�0x"�,tv��� �Ó� �,}~¿¦x"�?���l�0x�É � xm�0x"�m�,}����
�m���S�0»;Ç�s<tl}����,tl�0x"�,tv��� � �¡�n��Í;x�� � �n�l�0x � �0�©�,tvx��0}~¥��/�n�:Í��h�,tvx�wXx¡�n�·�n¸È�,tvx �H@���?25 �
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�/�n�E�nwXxm�0xm�¡ÇÈs<tvx�¥��E�n�ltl}��¡�n�r�0x"�0�l�~�0�*�n�0x��0xm�l�0x"�0xm���0x � ���a�,tvx?Åv¥��l�0xX���jÇ
s<tvx<�l�0x�É � xm�0x"�m�,}����X�m���S�0»(}~�0�0xm�Æ¸%}����"���l�vx"�m�0x � ¹�}~�,t��,tvx<�0x"�"��� � �/�n�,�:�n¸%�,tvx �l�0�S�"x"�0�,}~�l¥¾�n� ��� �,}~¿¦x"�
�,tvx©�l�0x"�m}��0xÁ�0x"�0x¡�n�0�Et5�n¸��,tvxÁxm¿¦xm���0���n¸�}~���0xm�0x"�,�����Z�,tvx©�0x¡�n�<�,}~¥��/�n� K^tvxm�0xÁ�,tvxÁ� ��x¡�n»·���Ï�,tvx
� ³ �$M�Ç

+ s<tl}��*�0x"�"��� � �/�n�,���n¸7�,tvx¾�l�0���"x"�0�0}~�l¥v¢ � xm�0x"�m�,}����a}~�0�0xm�Æ¸�KQ�0xm���n¸7Íl���S�0»j�*�3M �"���v�,}��,�0���n¸Ê�����¡¹ É �/���0�
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adaptative threshold

filtered ECG

Zoom on a QRS complex

time(s)

raw ECG
low-pass filtered ECG

set of blocks 1

set of blocks 2

PREclock

clock DETECTION
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                       sampling frequency in Hz
                       sampling period in seconds

                       size in number of samples
                       and delay of the WFIR

minimal period without a new detection, in number of samples
                                            to modify the adaptation of the threshold
                                            to modify the percent of the actual ECG in  the response filter

Parameters of the pre-detection step (set of blocks 1):

Parameters of the WFIR used in the detection step (set of blocks 2):

Parameters of the " RR peak Seak " block:
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time (s)

time (s)

main program                      RR interval detection block

ECG

pre-detection events
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QRS complex 

retrograd research
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time (s) time (s)

+ pre-detection events
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BP

raw signals

PI vector

SBP vector

DBP vector

clock of BP events detection

reading clock (at BP sampling frequency)
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Zoom on a systolic-diastolic event

low-pass filtered BP
raw BP

time (s)

 filtered BP

adaptative threshold

 filtered BP

time (s)

SBP
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sampling frequency in Hz and period in seconds
correction factor for raw BP

size and delay for WFIR filters

minimal period avoiding a new detection, in number of samples
to modify the adaptation of the threshold
to modify the percent of the actual ECG in the response filter

Parameters of the pre-detection step (set of blocks 1):

Parameters of the WFIR  used in the detection step (set of blocks 2):

Parameters of the "PI vector SBP vector DBP vector":

first filtering with a by-pass WFIR

next filtering with an  adaptative filter
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retrograd research

BP events

Systolic peak

Diastolic peak

SBP
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raw respiratory signal delayed by 200 samples

raw respiratory signal time (s)

time (s)

Resp
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�,tl}��<Åv¥��l�0x�¢/t/�����Î¹ �¶�"���~�lw��v�¡¢l�,tvx��´� ¿��n�~�vx¾�n� � �,tvx��,}~wXxÂ}~�¼x"���l} � }��,�E�n���´�0x"�"��� � �¡Ç

F= sinus, discretised  each 0.5 second
S= sinus after spline, interpolated each 0.1 second
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time (s) raw ECG
filtered ECG
instant of the R peak detectionECG with the instants of the R peak detection
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RR (s)

time (s)

+ raw RR interval
resampled RR interval
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s<tvx��E�nwXx(�0�0xm�v�?�"���v�"xm�,�l}~�l¥À�,tvx��*�>�,}~wXx��0xm�,}�x"���n�0x��n�l�l�~}�x � �0�ÁÄ<�1�,}~wXx(�0xm�,}�x"���n� � �n�0x(�0tv�¡¹������
�,tvx(Åv¥��l�0x��4�jÇ�s<tvx(}~�l�l�l�¾�n�,¥��lwXxm���0�¾�n¸È�,tvx ��@ � 
�� ?T==� 
 ���L�l�0��¥��E�nw=�n�0x��,tvx��/�nwXx��n¸ �,tvx����l�,�l�l�0�
Åv��x"���n¸��,tvx({l³ Ã,³���{ � xm�0x"�m�,}����¼�l�0��¥��E�nwa¢ � ��� �0@ � 
Ò¢ � ��� �9@ � 
 � ���9@ � 
:�n� � ��=�� 	 �ÚÇ
s<tvx ��< 5�� =�� :!@ 
 @ � 
><)
�� ���·�l�0��¥��E�nwÌ�v�Ex"�:�,tvx��E�nwXx�}~�l�l�l�0� �n�,¥��lwXxm���0� �n� � �n���0���/�n�E�nwXxm�0xm�0�:¸Ò���:¿S}��,�/�n�~}ÆÉ
�E�n�,}����Ú¢�x��S�l�0x"�0�Ex � }~�¶�0x"�"��� � �¡Ç:s<tl}�� �l�0���"x"�E�:�l�����0�Ê�,tvx*}~�v�,�E�n���0�È�n¸;�,tvx*x��S�,�0xmw(�lwX� � xm�0x"�m�,}����Ú¢j�,�j�,�0���~}��
�n� ��� }����,�0���~}���¢������,tvx<�E�"¹IÄ<�·�,}~¥��/�n� Ç�s<tvx Åv¥��l�0x*�3�?�,tv�Ñ¹��:�,tvx<�/�n�E�nwXxm�0xm�0� �¡�n�~��x � Í��(�,tvx<�0x"�g�nw��l�~}~�l¥
�l�0�S�"x"�0�¡Ç

filtered BPBP with the instants of systolic and diastolic detection

time (s) raw BP

instant of systolic detection
instant of diastolic detection
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+ 

+ raw SBP and DBP values
    resampled SBP 
    resampled DBP
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s<tvxh�E�"¹A�0x"�,�l}~�E�n�0���,�#�,}~¥��/�n�Â}��Á�0}~w��l�~�I�0x"�E�nw��l��x � �n�Á�,tvxh�g�nwXxa¸Q�0x"���vxm�v�m�1���Á�,tvxh�¡�n� � }��Ñ¿����E�m�l���n�
�,}~wXxa�0xm�,}�x"�ÑÇ½s<tl}��X}�� � ���vx�Í��Ï�,tvx ��@85;=�� ? � <&� ���%= � ��@85 ?�D 5 �;< ¸^�l�v�m�,}����Ú¢ ¹�tl}��0t }��¶�n�l�l�~}�x � �\¸Q�0xm���,tvx
��@ � 
���? ==� 
 �%= � ��@85 ?�D 5 �;<c¸Q�l�v�m�,}����Ú¢%�����,tv�Ñ¹��¼���À�,tvxÂÅv¥��l�0xD��£jÇ

time (s)

+ resampled Respiratory signal
   raw Respiratory signal

ÕC}~¥��l�0xD��£jÔ ��	T@ � 
���
 @ ��
 
 E 

	 @ ��@ 5;=���?C� < � ���%=�� ��@ 5 ? � 	��B��� �LE#� �C� 
><�
��

$&%GO'$)(



���������
	�� ���

� %�� ���B-�4�<"/ 
.;=/10,9 0�� ; )�� - +.-:; 0�2'/�4 5&9
> >
/'5&- ; 0�2�/'4 < �B-�� 56<"4") 5&213�0�<"/ ;=)�)

*&A (�A�
 IED ß��������
	���
���������� , � � ®¦«�� ã �
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�n¸��,tvxXÍl���S� � �l�0x"�0�,�l�0x�¢:�n� � �,�l�l�l�~}�x"�D¿¦x"�m�0���0��{SÄ<�:¿¦x"�m���n� � ÙÂÄ<�:¿¦x"�m�¡¢��"���,�0x"�,�;��� � }~�l¥Ó�0x"�0��x"�m�,}~¿¦xm�~�
�0���,tvx��,�j�,�0���~}����n� �À� }����,�0���~}��Â�l�0x"�0�,�l�0x"�¡¢l�n� � �,tvx?¿¦x"�m�0���*�ÊÃº¿¦x"�m�¡¢l�"���,�0x"�,�;��� � }~�l¥��0���,tvx?�,}~wXxÂ}~���0xm�,¿��n�
Í;xm�Î¹Èx"xm�½�º¹È�Ðw¶�\�j}~wD�lwX�¡Çis<tvxÁ�0}~¥��/�n� �,�0x¡�n�0x � Í��Z�,�j� � }��n�;x¡�n»�Ç ¸�w(�v�,��Í�xÁ�"��w��l��xm�0xm�~�5�n¸*�,tvx��E�nwXx
�,}~¥�� K^�;���,}~�,}~¿¦x����À�vxm¥��n�,}~¿¦x�M�Ç4�:�,}~�v�m}~�l��xZ�n¸(�,tvx��0x"�Ex¡�n�0�0t �n¸�x��S�,�0xmw(�lwX�¡Ô s<tvxi�n�~¥¦���,}~�,tlw�¹È���,»j�À}~�
�h�0xm�,�0��¥��E� � xÀ¹<�"�;ÔÁ¸^�0��w �,tvx�}~�v�,�E�n���¶�n¸´�l�0x�É � xm�0x"�m�,}����#�"���,�0x"�,�;��� � }~�l¥·�0�·�Ó����}~���¶�n¸´�,tvxÀ�m�l�,¿¦xa�n¸
Íl���S� � �l�0x"�0�,�l�0x�¢*�l�0�¡¿S} � x � ¹�}~�,tL�n�#}~� � x��c¢*�,�j� � }��n�;x¡�n»�Ç ¸¾���S��»S�©¸Ò���©�,tvx��nÍv�0���~�l�0xhw¶�\�j}~wD�lwa¢´�,tvxm�
�,tvx��nÍv�0���~�l�0x�w�}~�l}~wD�lwa¢c�l�0x"�"x � }~�l¥À�,tvx��;��}~�����n¸ }~�l}~�,}��n�,}����·�n¸ �,tvx��0x"�0x¡�n�0�EtÚÇ¾���n�E�nwXxm�0xm�0�D�n¸È�"�����,�0���
KQ�Ñ{SÄ<�7¢v¹�}~�,tÓ{SÄ � �,tvxÂw¶�\�S}~w(�lwa¢v�"ÙÂÄ<�7¢l¹�}~�,taÙÂÄ<�½�,tvxÂw�}~�l}~w(�lwa¢/�"�ÊÃ�¢j¹�}~�,ta�ÊÃÈ�,tvxÂ�,}~wXxÂ}~���0xm�,¿��n�
Í;xm�Î¹Èx"xm�©�Î¹ �Dw¶�\�j}~wD�lwX�¡Ç~Ç~Ç M�¢�¸Q�l�v�m�,}����v� �n¸c�,tvx������,� ���vx � xm�0x"�m�0x � x��j�,�0xmwD�lwa¢j�n�~���¡¹¾¢j�\¸^�0xm� �"��w��/�n�,}��E���
�0�a�,tvx¶�0x"�"xm���,�~�·��Íl�E�n}~�vx � ¿��n�~�vx"�Ñ¢r�0�¼¿��n�~} � �n�0x©���D�0�À�0x �,x"�m�D�,tvx"�0x©���vx"�¡Ç s<tvxX�0x"�Ex¡�n�0�0t5�n¸�x��j�,�0xmwD�lwX�
Í;xm¥�}~�v�<¹�}~�,tÀ�,t/�n���n¸r�,tvx?Åv�0�,���nÍv�0���~�l�0xÂw¶�\�j}~wD�lw K {�±D{TM�Çjs<tvx��"��� � }~�,}����v��¹�tl}��0taw(�v�,����Í;xm�©������}~���
�!K^}~� � x��2MC�0�ÂÍ�x<¿��n�~} � �n�0x � ����w¶�\�j}~wD�lw
�n�0x��!K^}~� � x��AM��I�Ñ{SÄ<� KÖ��M�¢��!K^}~� � x��2M��I�Ñ{SÄ<� KÒ�3M:�n� � w¶�\�j�
����Ý
�Ñ{SÄ<� KÖ��M��n� � �Ñ{SÄ<� KÒ�3M��n�0x<�0x"�,�;x"�m�,}~¿¦xm�~�D�,tvx<���Ñ¹Èxm�È�n� � �,�l�;xm�,}����:Í���� � xm�0�:�n¸;�"�����,�0���v�n¸��,tvx<w¶�\�S}~w(�lwaÝ
w¶�\�j�#}����,tvxh�0x"�,�l�~�a�n¸(�,tvxh¸^�l�v�m�,}����1w¶�\�j����}~���¡¢´���S��»S}~�l¥Z¸Ò�����,tvxhw¶�\�S}~w(�lw ����}~���¡¢?�n� � w¶�\�j�L}��
x"���/�n�´�0���¼}Æ¸ �!K^}~� � x��2M�}�����w¶�\�j}~wD�lwaÇ>ÃÎ¸¾�,tvx"�0xÓ�"��� � }~�,}����v�À�n�0xÓ¿¦xm�,}ÆÅ/x � �n� � �,t/�n�Á�,tvx¼}~� � x����n¸
�,tvxX�;��}~����}~�Z���vx"�,�,}����Z}��D�,�l�;xm�,}����D�0�¼yv¢r�,t/�n��}��¾�,tvx¶����}~���(}��D�v���(�,}~�,�/�n�0x � }~�i�,tvx©��x�¸^�¾�~}~w�}~���n¸��,tvx
¹�}~� � �¡¹¾¢j¹�tl}��EtÀ}����n�È�l�0x"�0xm�����n�/�n�~���¡x � ¢j�,tvxm�����vx��n�~�����¡�n�0x"�<�0�(�,tvx*¿��n�,}��nÍl��x¾{�±¾{¶�,tvx´¿��n�~�vx �!K^}~� � x��2M�¢
�"���,�0x"�,�;��� � }~�l¥a�0���,tvxX�nw��l�~}~�,� � x¶�n¸ �,tvx � xm�0x"�m�0x � w¶�\�j}~wD�lwa¢��n� � �0���,tvx�¿��n�,}��nÍl��xX�g{�±¾{Ó�,tvx�¿��n�~�vx
Ä ��F;xm�,�ÖÉ }~� � ¢c�"���,�0x"�0����� � }~�l¥À�0���n�Ð}~� � x��;¢�¹�tl}��0t � }~¿S} � x � Í��Ó�,tvx¾¸Q�0x"���vxm�v�m�¼¸^�0x"�%²��¡¢��,�l�l�l�~}�x"�Â�v�?�,tvx
�,}~wXxD�n¸ � xm�0x"�m�,}����Ð�n¸Ê�,tvx¾w¶�\�j}~wD�lwaÇ´Ã ¸:�,tvx(�"��� � }~�,}����v�Â�n�0xD�v���*¿¦xm�,}ÆÅ/x � ¢�}~� � x��a}�� � x"�m�0xmwXxm���0x � �n� �
}~� � }��r}~�v�m�0xmwXxm���0x � ¢��n� � �,tvxÈ�vxm¹ �!K^}~� � x��AMÚ}��7�0�lÍj�Öx"�m�0x � �0�*�,tvxÈ�l�0xm¿�}����v�0�~� � x"�0�m�,}~Í�x � �"��� � }~�,}����v�¡¢¦�\¸Q�0xm�
���vx<t/��� �n�l�l�~}�x � ����}~�:�,tvx<w¶�\�j����}~���:¸Q�l�v�m�,}����Ú¢�xm�Ê�"xm�0xm�E�?�l���,}~�/�,tvx<¿��n�~} � �n�,}����¶�n¸c�?w¶�\�S}~w(�lwaÇ �´���,tvx
���,tvxm��t/�n� � ¢�}Æ¸v}~� � x��D}��C���¡¹ xm�C�,t/�n��yv¢n�,tvx � xm�0x"�m�,}������n¸/�,tvxÈ�0�S�,�0���~}�� �l�0x"�0�,�l�0x ¸Ò�n}~��x � �n� � ���vx �n�,�,�,}~Íl�l�0x"�
�,tvx�¿��n�~�vx��¡xm�0�¾�0�¾¿��n�,}��nÍl��x"�<{�±¾{��n� � �g{�±¾{�Ç Ãº�©�Â�0x"�"��� � �,}~wXx�¢����vx����S��»S�:¸Q���Ê�,tvx�w�}~�l}~wD�lw �l�0x"�"x � }~�l¥
�,tvx?�l�0xm¿�}����v�0�~� � xm�0x"�m�0x � w¶�\�S}~w(�lwaÇ s<tvx?�l�,}~�v�m}~�l��x��n¸ � xm�0x"�m�,}����a�n¸C�(w�}~�l}~w(�lwG}��<} � xm���,}��¡�n�c�0��¹�t/�n�
¹ ����x��j�l���n}~�vx � tl}~¥�tvxm���nÍ;���l�D�,tvx � xm�0x"�m�,}����Ï�n¸��Àw¶�\�j}~wD�lwa¢��Ñ{SÄ<� KÖ��M�¢:�Ñ{SÄ<� KÒ�3M�¢:�n� � w¶�\�j�·Í;xm}~�l¥
�0xm�l�����"x � tvxm�0x*Í��¶�"ÙÂÄ<� KÖ��M�¢j�"Ù?Ä<� KÒ�3M �n� � w�}~�l�ÚÝ�¸^�l�,�,tvxm�,wX���0x�¢j�,tvx´w�}~�l����}~��� ¸^�l�v�m�,}��������S��»S� ¸Q���È�,tvx
w�}~�l}~wD�lw8�;��}~���¡ÇÓ×�tvxm�Ï�,tvx©�,tl�0x"x©�"��� � }~�,}����v� � x�Åv�l}~�l¥��aw�}~�l}~w(�lw �n�0x¶¿¦xm�,}ÆÅ/x � �n� � ¹�tvxm�Z}~� � x��
�&yv¢c���vxX�n�,�,�,}~Íl�l�0x"�¾�0���,tvx�¿��n�,}��nÍl��x�ÙÂÃº�Ì�,tvx�¿��n�~�vx �!K^}~� � x��2MÂ�n� � �0���,tvx�¿��n�,}��nÍl��x��0ÙÂÃ ���,tvx�¿��n�~�vx
Ä ��F;xm�,�ÖÉ }~� � Ç�{S��wXx(}~� � x��jx"���n�~���¡¹��0� � xm�~}~w�}~�?�,tvxE�¡���vx��n¸Ê�0x"�0x¡�n�0�0t��n¸Ê�,tvx(w�}~�l}~wD�lwaÔ��,tvx"�Ex¾}~� � x��lx"�
�n�0x�}~� � x��;²��,�E�n�,�0ÙÂÄ � �n� � }~� � x��;²��,�0���vÙÂÄ �*Ý:�,tvxm� � xm�;xm� � �n¸?�m�g{SÄ<�ÊÙÂÄ<� KÖ��M¶�n� � �m�g{SÄ � Ù?Ä<� KÒ�3M�¢
¹�tl}��0t¼�n�0x?Í;���,t�Í���� � xm�0���n¸��"�����,�0���Ú�n¸7�,tvx?�,}~wXx?}~���0xm�,¿��n�c�g{SÄ<��É �0ÙÂÄ<�7Çvs<tvx��0}~�,�/�n�,}����Á¹�tvxm�0xÂ}~� � x����
}~� � x��;²��,�0���vÙÂÄ �I}���xm��¿S}��E�n¥¦x � Ô:}~�À�,t/�n���¡���0x�¢j�,tvx?�l�0xm¿�}����v�0�~� � xm�0x"�m�0x � w¶�\�j}~wD�lw4}��<�v��� ¸Ò���~���¡¹ x � Í��
��w�}~�l}~w(�lw }~�a�,tvx¾¥¦��� � }~���0xm�,¿��n� Ý����vx¾�,�E�n�,�0�´�n¥��n}~�a¸^�0��w }~� � x���²´{�±D{�ÉE�(�n� � }~� � ²´{�±D{�����¢��,}~�,�/�n�0x �
�\¸Q�0xm�*�,tvx¾}~� � x��lx"�?�0t/�n�E���m�0xm�,} �"}~�l¥À�,tvx¾�����0� � xm�0x"�m�0x � w¶�\�S}~w(�lwa¢;�n� � �,tvx�Åv�0�,�´�/�n�,�´�n¸Ê�,tvx��n�~¥¦���,}~�,tlw
}��´�n¥��n}~�hx��jx"�m�l�0x � ¸^�0��wF�¡�j¢/�0�©�����0��Åv� � ���vxm¹ w¶�\�j}~wD�lwaÇ�s<tl}��*}��´�n���0�Xw¶� � xD¹�tvxm�Ó�,tvx¾�"ÙÂÄ ��KÖ��M
���"ÙÂÄ<� KÒ�3MÂ�"��� � }~�,}����·}��Â¿¦xm�,}ÆÅ/x � ¢r�,tl}��¾�"���,�0x"�,�;��� � }~�l¥a}~�Ð�,tvx�¸Ò�n}~�~�l�0xX�n¸ �,tvx��0x"�0x¡�n�0�0tZ�n¸Èw�}~�l}~wD�lwa¢
�0x"�,�l�~�,}~�l¥�¸Q�0��wÌ�n��}~�v�"���,�0x"�m� w¶�\�j}~wD�lw�¸Q���l� � }~���,tvx�Åv�0�,�:�/�n�,�Ê�n¸;�0�S� � }��n�;x¡�n»;Ç ¸ÖÇCÄ<x"�,} � x"�:�,tvx<�0x"�0x¡�n�0�Et
�n¸:w�}~�l}~wD�lwa¢��,tl}����/�n�,�?�n¸:�,tvxD�n�~¥¦���,}~�,tlwµ�¡�n� � xm�0x"�m�?��w¶�\�j}~wD�lwa¢�¹�tl}��Et¼}��*�0�l��xm�,}����´�0���,t/�n��¸Ò���l� �
}~�¼�,tvx¾Åv�0�,�*�/�n�,�¡¢%�,tl}��´Í�xm}~�l¥Á���l�~�¼���0xm���n�,}~¿¦x(w¶�\�S}~w(�lwaÝ%}~�h�,t/�n�´�¡���Ex�¢�{�±D{�¢v�g{�±D{�¢��n� � �,tvx¾}~� � x��lx"�
�0t/�n�E���m�0xm�,} �"}~�l¥��,tvx � }��0�"�¡¿¦xm�0x � w¶�\�j}~w¶�n�È�;��}~���'K^}~� � x��;²´{�±¾{Z�n� � }~� � ²´{�±D{TM(�n�0xX�l� � �n�0x � �n� � �,tvx
x��lx"�m�l�,}���� �n¸?�,tvxÀ�Ex"�"��� � �/�n�,�¶�n¸?�,�j� � }��n�;x¡�n»�Ç ¸?wD�v�,�¶Í�xm¥�}~� �n¥��n}~�ÚÇ {S�l¢ �,�j� � }��n��x¡�n»;Ç ¸?�0�l�l�l�~}�x"���,tvx
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w¶�\�j}~wD�lw4�n¸Ú�,tvx?�0xm���n�,}~¿¦x?w¶�\�S}~w(�lwX�¡ÇÊÃº�©�,tvx´�,tl}~� � �,}~wXx�¢j�,tvx?�n�~¥¦���,}~�,tlwG���S��»S� ¸Ò���<�D�vxm¹1w¶�\�S}~w(�lw
�l�0x"�"x � }~�l¥*�,tvxÊw�}~�l}~wD�lwa¢n¹�tl}��0t¾t/���rÍ�x"xm� � xm�0x"�m�0x �(� �l�,}~�l¥��,tvxÊ�0x"�"��� � �,�E�n¥¦x�¢Ñ�0�����Ú�0��Í�x:�0�l�0x��,t/�n�Ú�,tvx
�,}~¥��/�n���n¸l�l�0x"�0�0�l�0x:}��Ú�;xm�,}�� � }���ÇCs<tvxÊ�"�S��� � }~�/�n�0x"�7�n¸l�,tl}��rw¶�\�S}~w(�lw>�n�0x �n�,�,�,}~Íl�l�0x � �0�´{�±D{j�*�n� � �g{�±D{j�
K^}~� � x��2M�ÇÊÕl�l�,�,tvxm�,wX���0x�¢v�,tl}����/�n�,���¡�n�¼�n���0� � }��0�"�¡¿¦xm�?��w�}~�l}~wD�lwa¢v¹�tl}��Eta}��<���¡¹ xm���,t/�n�a�,t/�n�<¸Ò���l� � }~�
�,tvxX�l�0xm¿S}����v�¾�/�n�,�¡¢:�n� � �,tvx¶�"���,�0x"�,�;��� � }~�l¥¼}~� � x��i�n¸�¹�tl}��0tÏ}��D�0}~�,�/�n�0x � Í;xm�Î¹Èx"xm�Ï}~� � x��;²��,�E�n�,�0ÙÂÄ �
�n� � }~� � x��;²��,�0���vÙÂÄ �*Ý¦ÙÂÃº�#�n� � �0ÙÂÃº�#�n�0x<�,tvxm���l� � �n�0x � �n� � �,tvx<�,tl}~� � �/�n�,�Ê�n¸��,�j� � }��n�;x¡�n»�Ç ¸�}�� �n¥��n}~�
x��lx"�m�l�0x � Ç<{S�l¢%�,�S� � }��n��x¡�n»;Ç ¸C�,�l�l�l�~}�x"�´�,tvx�w�}~�l}~w(�lwµ�n¸��,tvx¾�0xm���n�,}~¿¦xDw�}~�l}~wD�lwX�¡Ç ÃÎ�¼�,tvxÂ¸Q���l�,�,tÓ�,}~wXx�¢
�,�j� � }��n�;x¡�n»�Ç ¸ ������»j�?¸Q�����,tvx�w�}~�l}~w¶�n� ¿��n�~�vx��l�0x"�"x � }~�l¥a�,tvxX�����,� � xm�0x"�m�0x � w¶�\�j}~wD�lwa¢r�E�a���Â�0�À¿¦xm�,}Æ¸^�
�,tvx©�,}~¥�t��,�vx"�0���n¸Â{�±D{j�jÇÐs<tvx��"����� � }~�/�n�0x"���n¸��,tl}���w�}~�l}~wD�lw �n�0xÀ�n�,�,�,}~Íl�l�0x � �0�ÐÙÂÃº�Â�¼�n� � �0ÙÂÃº�Â�jÇ
s<tvxÁ}~� � x���²��0�E�n�,�0Ù?Ä<� ���n� � }~� � x��;²��,�0���vÙÂÄ<� �h}~� � x��jx"� � xm�~}~w�}~���,tvx*�¡���vxÁ¹�tvxm�0x��,tvx¶w�}~�l}~w(�lw }��
�,�v�0�"xm�l�,}~Íl��x��0�ÂÍ�x �l�0x"�0xm���¡Ç:ÃÎ� �3���j¢¦�,tvx��n�~¥¦���,}~�,tlwÌ�l�0x"�0xm���0� �?Íl�����E»��n�~���Ñ¹�}~�l¥¾�0� � xm�0x"�m�È�n����w�}~�l}~wD�lw
���¡¹ xm�¾�,t/�n���,tvx����vx�¹�tl}��0ti¹ �����l�0xm¿S}����v�,�~�Ó¸Q���l� � ¢r�n� � �,tl}��¾���Â�����l¥¼���Â}~� � x�� �&}~� � x��;²��,�0���vÙÂÄ �È�
�n� � }~� � x�� �½yvÝ¦}~���,tvx��¡���0x��n¸;�,tvx � xm�0x"�m�,}����©�n¸c�?�vxm¹Iw�}~�l}~wD�lwa¢SÙÂÃº�Â�Â�n� � �0ÙÂÃº�Â�Â�n�0x��l� � �n�0x � Ç s<tvx
�¡���0x"�<}~� � x�� �1}~� � x���²��,�0���vÙÂÄ<� �X�n� � �"ÙÂÄ<� KÖ��M � �"ÙÂÄ<� KÒ�3M<�n�0xÂ�,�0x¡�n�0x � Ô:}~�¼���,}~w�}~���n��¹<�"�a���<¹�t/�n�
¹ �����g�n} � �"���v�"xm�,�l}~�l¥��,tvx��0x"�"��� � �/�n�,�¡¢Ê���vx��,�E�n�,�0���n¥��n}~�Ï¸^�0��wF}~� � x��;²´{�±¾{j�\ÉE�a�n� � }~� � ²´{�±D{j� ����¢
�n� � �,tvxD�,tl}~� � �/�n�,���n¸Ê�,tvx��n�~¥¦���,}~�,tlwA}��Â�n¥��n}~�hx��lx"�m�l�0x � ¸^�0��w �j�¡�jÇ*s<tl}��?�/�n�,���n���0�Á�n�~���Ñ¹��?�0�XÅv� � �
w¶�\�j}~wD�lw�¹�tv���0x��nw��l�~}~�,� � x8�!K^}~� � x��AM7}��:�,�l�;xm�,}����:�0�¾{�±¾{j�jÇ�s<tvx�xm� � �n¸;�,�S� � }��n��x¡�n»;Ç ¸/�l�0x"�0xm���0�:}~�a���¡�
�,tvx��:F;x"�m�E�n�,}����v�*�n¸7�,tvx?¿��n�~�vx"�<�0x"�0�l�~�,}~�l¥�¸^�0��w � xm�0x"�m�,}����v��w¶� � x��Ñ¿¦xm�*�D�;xm�,}�� � �n¸C�,tvx´Íl���S� � �l�0x"�E�,�l�0x
�,}~¥��/�n� Ç��;�3KÖ��M�Ç~Ç~Ç � �TKÒ�3MÈ¿��n�,}��nÍl��x"���"���,�0x"�,�;��� � �0�(�,tvx �����l�,�l�l�<¿¦x"�m�0���0�¡¢v�n� � �!K^�
����M�Ç~Ç~Ç �!K^�
� �3M ¿��n�,}��nÍl��x"�
�0xm�l�0x"�0xm�����,tvxÁ�0�E�n�0x©�n¸ � xm�0x"�m�,}����ÚÇ·sÚ¹ ���¡���0x"���n�l��x¡�n�¡ÔÁxm}~�,tvxm��Í��S���Ò²�¿��Â�j¢Ê¹�t/�n���"���,�0x"�0����� � ���0�Ð�
�,�v�"�"x"�0�,¸^�l� � xm�0x"�m�,}����Ú¢v�n� � ¿��n�,}��nÍl��x"�<�E�n»¦xÂ�,tvx´¿��n�~�vx"�<�0x"�"xm���,�~����Íl�E�n}~�vx � Í�� � xm�0x"�m�,}����Ú¢v���<Í;�����Ò²�¿ ����¢
¹�t/�n�Â�"���,�0x"�,����� � �´�0�©��¸Ò�n}~�~�l�0x(�n¸ � xm�0x"�m�,}����Ú¢c�n� � ¿��n�,}��nÍl��x"�´�E�n»¦xD�,tvxD¿��n�~�vx �¡xm�0�l¢�x��l�"xm�l� �!K^�
� �3M�¢;�0�
�����0�X�¡¿¦��} � �n�a}~�jÅv�l}~�0x��0x"�0�¡Ç
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° �¾¸Q���v�m�,}���� � x?�,}~wD�l���n�,}����a�0�S� � }��n�;x¡�n»;Ç ¸Ö¢ � �m�,}~�0x?xm��Õv���,�,�E�n�Ú¢j�;xm�,wXxm�<���¾�0x"�Etvxm�0�0tvx � x"�<x��S�,� � w(�lwX� � x
���(�l�0x"�0�,}����a�n�,� � �,}�xm�~��x�¢lxm� ¸Q���l�,�l}~����x"� ¿¦x"�m�0xm�l�0�´{SÄ<�:¿¦x"�m��xm��ÙÂÄ<�:¿¦x"�m�¡¢l�"���,�0x"�,�;��� � �n�����0x"�,�;x"�m�,}~¿¦xmwXxm���
�n�j���l�0x"�0�,}����v���,�j�,�0���~}����vx"��xm� � }����,�0���~}����vx"�¡¢/�n}~�v�,}Ú���vxÂ��xÂ¿¦x"�m�0xm�l�*�ÊÃº¿¦x"�m�¡¢v�"���,�0x"�,�;��� � �n��� � �~}~���0xm�,¿��n�~��x
� x��0xmw��v�Êxm���,�0x � xm�j��w¶�\�S}~w(�lwX�¡Ç ° x��0}~¥��/�n�v�,�E�n}~� � �/�n� �,�j� � }��n�;x¡�n»�Ç ¸ � ��}~� � �,�0x�xm���,}�um�0xmwXxm��� � �Xw � wXx
�,}~¥��vx
K^�����0}~�,}Æ¸ ���Ó� � ¥��n�,}Æ¸ M�Ç?�:�,}~�v�m}~�;x � x(���¶�0x"�0tvxm�0�0tvx � x"�Âx��j�,� � wD�lwX��Ô ° �n�~¥¦���,}~�,tlwXx�¸Ò���v�m�,}����l�vx � x
w¶�n�l}�um�0xÂ� � �,�0��¥��E� � x�Ô � �/�n�,�,}~� � x?�~}~�v�,�E�n��� � x*�l� � É ��� �0x"�m�,}����¼�"���,�0x"�0����� � �n��� � �l���;��}~��� � x*�����"���l�,Í;x
� x¾�l�0x"�E�,}����h�n�,� � �,}�xm�~��x�¢%wD�l�l} � �l�¼}~� � }��"x�¢��,�j� � }��n��x¡�n»;Ç ¸��0x"�0tvxm�0�0tvx���xDw¶�\�S}~w(�lwA�nÍv�0���~�Ó�l�l}��*��xDw�}~�l}ÆÉ
wD�lw �nÍv�0���~�h�l� � � �"� �n���Â�0xmw��;���0xm�~��xmwXxm������x(����}~��� �
	 }~�l}~�,}��n�,}���� � x¾���¶�0x"�0tvxm�0�Etvx�ÇÂÙ?x"�´�/�n�E�nwXum�,�0x"� � x
�"�����,������x�KQ�Ñ{SÄ �C¢��¡¿¦x"�´{SÄ<����x w¶�\�S}~w(�lwa¢��"ÙÂÄ<�7¢¦�¡¿¦x"��ÙÂÄ<����x w�}~�l}~wD�lwa¢S�"�ÊÃg¢¦�¡¿¦x"���ÊÃ7� 	 }~���0xm�,¿��n�~��x � x
�0xmw��v��xm���,�0x � xm�j�Ów¶�\�j}~wD�lwX�8M�¢;¸Ò���v�m�,}����v� � � � xm�,�l}�xm�¾x��j�,� � wD�lw ��� �0x"�m� � ¢Ú�;xm�,wXxm�,�0xm���¡¢7�n�l�0u"�¾�"��w�É
�/�n�E�n}��0�����n�j�a¿��n��xm�l�0�?�v���l¿¦xm�~��xmwXxm���¾��Íl�0xm���vx"�¡¢ � x¾¿��n�~} � xm�Â��� � xD�0x �Öxm�0xm�Â�"x"� � xm�,�l}�um�0x"�ÑÇ ° �©�0x"�0tvxm�0�0tvx
� x"��x��j�,� � wD�lwX� ��� Íl�l�0x��/�n�¾�"xm�~��x � �Ð�l�0xmw�}�xm��w¶�\�S}~w(�lw=�nÍv�0���~� K {�±¾{TM�Ç ° x"���"��� � }~�,}����v�D�n�j�l���vxm�~��x"�
� ��}~�*��Í � }~���l�a�;��}~���8�!K^}~� � x��2M �;���l� � �,�0x�w � wX���,}�� � xm�a�E�n���*���vxÂw¶�\�S}~w(�lw �0�����8�!K^}~� � x��AM ���Ñ{SÄ<� KÖ��M�¢
�!K^}~� � x��2M ���Ñ{SÄ ��KÒ�3M xm� w¶�\�j�
���(ÝS�Ñ{SÄ<� KÖ��MÊxm�<�Ñ{SÄ<� KÒ�3M �0����� �0x"�,�;x"�m�,}~¿¦xmwXxm���<��x"� Í;���,�vx"�È}~�j¸ � �,}�xm�l�0x?xm�
�,�l� � �,}�xm�l�0x � x¾�"�����,������x � �Àw¶�\�j}~wD�lw Ývw¶�\�S�ax"�,�*��xÂ� � �,�l�~�E�n� � x����(¸Ò���v�m�,}����¼w¶�\�j����}~���¡¢l�0x"�0tvxm�0�Et/�n���
��x��;��}~����w¶�\�j}~wD�lw xm��w¶�\�j�Ix"�,� � ¥��n� � �Á�0} �!K^}~� � x��2M�x"�,���l�½w¶�\�j}~wD�lwaÇI{�}��"x"���"��� � }~�,}����v�¶�0�����
¿ � �,}ÆÅ � x"�Xxm�X���vx�� 	 }~� � x�� � �½�;��}~���Xxm�I���vx"�,�,}����Ix"�,���,�l� � �,}�xm�l� � yv¢ � 	 x"�0� �Ó� }~�0xa��x©�;��}~���¶� 	 x"�,���/���
�,}~�,� � � �����~}~w�}~�0x�¥��n�v�0tvx � x����Á¸Òxm� � �,�0x¶���m�,�vxm�~��xmwXxm�����n�/�n�~�j� � x�¢��n�����0�D���Z�:Fcx"�m�0x � ����¿��n�,}��nÍl��x©{�±D{
����¿��n��xm�l� �!K^}~� � x��2M�¢7�"���,�0x"�,�;��� � �n��� � � 	 �nw��l�~}~�,� � x � �iw¶�\�S}~w(�lw ��� �0x"�m� � ¢�xm� � ����¿��n�,}��nÍl��x��g{�±D{h���
¿��n��xm�l�(Ä ��F;xm�,�ÖÉ }~� � ¢C�"���,�0x"�,�;��� � �n��� � �l�i}~� � }��"x�¢C���l} � }~¿�}�� � �/�n�D���Á¸Q� � ���vxm�v�"x�¸^�0x"�%²��¡¢7�v���v��¸Ò���l�,�l}~�
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��x¾�0xmw��v� � x ��� �0x"�m�,}���� � �¼w¶�\�j}~wD�lwaÇ {�}C��x"�´�"��� � }~�,}����v�´�vxD�E�����*�/���*¿ � �,}ÆÅ � x"�¡¢%}~� � x��¼x"�,� ��� �m� � wXxm��� �
xm��}~� � x"�,��}~�v�m� � wXxm��� � ¢�xm����xD�v���l¿¦x¡�n� �!K^}~� � x��2M�x"�,���0���lw�}��Â�n�j�a�"��� � }~�,}����v�*�l� � � �"� xmw�wXxm��� ��� �m�,}~�0x"�¡¢
�n�l�0u"� � �,�0x<�/���E� ��� �n�v�:���´¸Ò���v�m�,}����¶w¶�\�j����}~���¡¢�xm� �n}~�v�,} � x��,�l}~�0x��Ö�v�0��� 	�� ���?¿��n�~} � �n�,}���� �
	 �l�¶w¶�\�S}~w(�lwaÇ
���n� �"�����,�0x�¢S�,}j}~� � x���x"�0�:}~�j¸ � �,}�xm�l� � yv¢¦��� ��� �0x"�m�,}���� � x<���?�l�0x"�0�,}����X�0�S�,�0���~}����vx�� � �0tv��� � xm�Ê���¶�n�,�,�,}~Íl�vx
���©¿��n��xm�l�¾���n�j�Ó¿��n�,}��nÍl��x"�D{�±D{axm�Â�g{�±D{�Ç ÙÂ�n�v�Â�l���0x"�"��� � �0xmw��v�Ñ¢c���h�0x"�Etvxm�0�0tvx���x�w�}~�l}~w(�lw �l� � � � É
� �n���?�0xmw��;���0xm�~��xmwXxm������x(w¶�\�S}~w(�lw ��� �0x"�m� � �n�l�/�n�E�"¿��n���¡Ç ° x(�l�,}~�v�m}~�;x � x ��� �0x"�m�,}���� �
	 �l�hw�}~�l}~wD�lw
x"�,�´} � xm���,}����vx � �"xD���l}7� � � � x��S�;��� � �l�~�v�´t/�n�l�?�n�h�,���,xm� � x¾��� ��� �0x"�m�,}���� �
	 �l�Ów¶�\�S}~w(�lwa¢;�Ñ{SÄ ��KÖ��M�¢
�Ñ{SÄ<� KÒ�3M�¢�xm�Xw¶�\�j� � �E�n���©}��m}*�0xmw��l����� � �©�/�n�¶�"ÙÂÄ<� KÖ��M�¢��"ÙÂÄ ��KÒ�3M�xm�Xw�}~�l� Ý � xÀ�l�~�v�¡¢ ���h¸Ò���v�m�,}����
w�}~�l�;��}~���<�0x"�0tvxm�0�EtvxÂ��x*�;��}~���<w�}~�l}~wD�lwaÇ ° ���0�0���vx*��x"� �,�0��}��<�"��� � }~�,}����v� ��� Åv�l}��0�E�n���<�l�Áw�}~�l}~wD�lw4�0�����
¿ � �,}ÆÅ � x"��xm�Â���vx(}~� � x�� ��yv¢;�����n�,�,�,}~Íl�vx � ���¶¿��n�,}��nÍl��x�ÙÂÃ �����X¿��n��xm�l� �!K^}~� � x��AM*xm� � ���¶¿��n�,}��nÍl��x��0ÙÂÃº�
���¶¿��n��xm�l�ÂÄ ��F;xm�,�ÖÉ }~� � Ç ÙÂx"�Â}~� � }��"x"�?��xm�,wXxm�,�0xm��� � x ��� �~}~w�}~�0xm�Â��� �¡���vx � x(�0x"�0tvxm�0�Etvx � �Ów�}~�l}~w(�lw Ô<}~�
� 	 �n¥�}~� � x�}~� � x���²��,�E�n�,�0ÙÂÄ<�Lxm�Â}~� � x���²��0�0���vÙ?Ä<�&Ý��"x"�?}~� � }��"x"� ��� ��xm� � xm��� � x(�m�g{SÄ<�ÊÙÂÄ<� KÖ��M?xm���m�g{�É
Ä<�ÊÙÂÄ<� KÒ�3M�¢����l}j�0�����7��x"� � xm�j�DÍ;���,�vx"� � x �"�����,������x � xÊ� 	 }~���0xm�,¿��n�~��x � x �0xmw��v�C�g{SÄ �:É �0Ù?Ä<�CÇ ° ���0}~�,�/�n�,}����
����}~� � x�� ��}~� � x��;²��,�0���vÙÂÄ<�Ix"�,�<xm��¿S}��E�n¥ � x�Ô � �n�v���"x´�¡���Ñ¢���x?w¶�\�j}~wD�lw ��� �0x"�m� � �l� � � �"� xmw�wXxm���*� 	 x"�,�
�/���¾�,�l}~¿S}:�/�n���l��w�}~�l}~wD�lw � �n�v����x�Í;���Ð}~���0xm�,¿��n�~��x¼Ýr���i�0xm�/�n�,�D�n�����0� � x"��}~� � }��"x"��}~� � x��;²´{�±D{�ÉE�Xxm�
}~� � ²´{�±D{�����¢:�,}~�,� � ���n�l�0u"����x"�(}~� � }��"x"�(�¡�n�E���m� � �,}��g�n������x � xm�,�l}�xm��w¶�\�j}~wD�lw ��� �0x"�m� � ¢:xm�(���a�l�0xmw�}�um�0x
�/�n�,�,}�x � x�� 	 �n�~¥¦���,}~�,tlwXxax"�0�Xx�� � �m�l� � x � �v���l¿¦x¡�n� � �/�n�,�,}~� � x��¡�j¢ � xÁ¸ ���"��� � �,�0���l¿¦xm�¶�l�½�v���l¿¦x¡�n�
w¶�\�j}~wD�lwaÇ(³ x(�0xm�0���l��xm�Ð�n�,�,}�um�0x�x"�,� � ¥��n��xmwXxm���¾x�Fcx"�m�,� � �����0�0���vxD���©�"��� � }~�,}����·�"ÙÂÄ ��KÖ��M ���"Ù?Ä<� KÒ�3M
x"�,�<¿ � �,}ÆÅ � x�¢v�"x"�m}r�"���,�0x"�0����� � �n��� � � 	�� �0tvx"� � xÂ�����0x"�Etvxm�0�0tvx � xÂw�}~�l}~wD�lwa¢l�l�0�Ñ¿¦xm�/�n��� �
	 �l�Àw¶�\�S}~w(�lw
}~�v�"���,�0x"�m�¾�,�0���l¿ �X� �n�v�¾���¶�l�0xmw�}�um�0x¶�/�n�,�,}�x � x��,�j� � }��n��x¡�n»;Ç ¸,Ç �´�l�,�0x����Á�0x"�0tvxm�0�0tvx � x�w�}~�l}~wD�lwa¢C�"xm�,�0x
�/�n�,�,}�x � xÂ� 	 �n�~¥¦���,}~�,tlwXx¾�;xm�l� ��� �0x"�m�0xm���l�Àw¶�\�j}~wD�lw �,�l� � �,}�xm�l� � �"xm�~�l}cw�}���xm� � ¿S} � xm�v�"x � �n�v�������l�0x�É
w�}�um�0xÂ�/�n�,�,}�x�¢l�"x � xm�,�l}�xm��� 	�� �E�n���´�n�����0����� 	 �l�Àw¶�\�j}~wD�lwG�0xm���n�,}Æ¸�Ý � �n�v���"xÂ�¡���¡¢/{�±D{�¢S�g{�±¾{�¢l�n}~�v�,}c���vx
��x"�<}~� � }��"x"���¡�n�E���m� � �,}��E�n������x*�;��}~����w¶�\�j}~w¶�n� ��� �0x"�m� � K^}~� � x���²´{�±D{Áxm�<}~� � ²´{�±¾{TMÈ�0�������0xmw�}�� � �,���l��xm�
� 	 x�� � �m�l�,}���� � x´�����0x"�"��� � x?�/�n�,�,}�x � xÂ�,�j� � }��n�;x¡�n»�Ç ¸ � ��}~�<�0x"�"��w�wXxm�v�"xm�¡Ç �´}~�v�,} ¢j�,�j� � }��n�;x¡�n»�Ç ¸Ú¸Ò���l�,�l}~�<��x
w¶�\�j}~wD�lw � x"�Âw¶�\�j}~wD�lwX�¾�0xm���n�,}Æ¸Ò�¡Ç¾Ù��n�v�Â��x��,�0��}��,}�umwXx��0xmw��v�¡¢;� 	 �n�~¥¦���,}~�,tlwXxX�0x"�0tvxm�0�0tvx¶�l�Ð�v���l¿¦x¡�n�
w¶�\�j}~wD�lwµ�l� � � �"� �n���¡¢c�n�¼�l}~¿¦x¡�n�Ó�0xmw������0xm� ¢%��x�w�}~�l}~wD�lw ��� �0x"�m� � �n�Ó�"���l�0� � x����X�0x"�"��� � x � �E�n��x�¢ � x
¸ ���"��� � � �,�0x(���l�?���vxD��xD�,}~¥��/�n� � x¾�l�0x"�E�,}����hx"�0�*� � �,}�� � }����vx�Ç ° x"�?�"�S��� � ���l� � x"� � x��"x¾w¶�\�j}~wD�lw �0�����
�:Fcx"�m� � x"� � {�±D{j�Àxm�¾�g{�±D{j�FK^}~� � }��"x�M�Ç Ù?x¶�l�~�v�¡¢r�"xm�,�0x¶�/�n�,�,}�x��;xm�l� � ¥��n��xmwXxm��� ��� �0x"�m�0xm�D�l��w�}~�l}~wD�lw
}~�j¸ � �,}�xm�l� � �"xm�~�l}��,�0���l¿ ��� �n�v�?���¶�/�n�,�,}�xD�l� � � �"� xm���0x�¢Úxm� � �����Â� 	 }~� � }��"x��"���,�0x"�,����� � �n���¾x"�,�´�0}~�,� � xm���,�0x
}~� � x��;²��,�E�n�,�0ÙÂÄ �5xm�È}~� � x���²��,�0���vÙÂÄ<� Ý¦ÙÂÃ �#xm�È�0ÙÂÃº�1�0����� �n�����0�È�0xmw�}�� � �,���l�Èxm� �����,�0��}��,}�umwXx*�/�n�,�,}�x
� xD�0�S� � }��n�;x¡�n»;Ç ¸:x"�0�*x�� � �m�l� � x(�l�vx¾�v���l¿¦xm�~��xD¸Ò��}��¡Ç<�*}~�v�,} ¢%�,�j� � }��n��x¡�n»;Ç ¸C¸Q���l�,�l}~�?��x¾w�}~�l}~w(�lw � x"�´w�}~�jÉ
}~wD�lwX�´�0xm���n�,}Æ¸Ò�¡Ç Ù��n�v����xD���/�n�,�,}�umwXx¾�0xmw��v�Ñ¢v�,�j� � }��n��x¡�n»;Ç ¸��0x"�0tvxm�0�0tvx�����¿��n��xm�l�*w�}~�l}~w¶�n��xD�l� � � �"� �n���?��x
� xm�,�l}�xm��w¶�\�S}~w(�lw ��� �0x"�m� � ¢ � x¶w¶�n�l}�um�0x � ¿ � �,}ÆÅ/xm�(� 	 x��v���m�,}~�,� � x � xÀ{�±¾{j�jÇ ° x"���"����� � ���l� � x"� � xÁ�"x
w�}~�l}~wD�lw �0�����Â�n�,�,�,}~Íl� � x"� � Ù?Ã �Â�Xxm�*�0ÙÂÃ �?�jÇ ° x"�*}~� � }��"x"�?}~� � x��;²��,�E�n�,�0ÙÂÄ<� �Áxm�*}~� � x��;²��,�0���vÙÂÄ �È�
��� �~}~w�}~�0xm���D��� �¡���vx�������x�w�}~�l}~wD�lwËx"�0�Â�0�v�0�"xm�l�,}~Íl��x �
	 � �,�0x��l� � �0xm���¡Ç �:� �3���j¢;� 	 �n�~¥¦���,}~�,tlwXx��l� � �0xm���0x
�l��Íl���S�È�;xm�,wXxm�,�E�n��� � x ��� �0x"�m�0xm�:�0���l�:w�}~�l}~wD�lw }~�j¸ � �,}�xm�l� � �"xm�~�l}v���l}/� � � � �,�0���l¿ � �l� � � �"� xmw�wXxm���¡¢Sxm�
�"x"�m}j�E�n���Ê���vx }~� � x�� ��}~� � x��;²��,�0���vÙÂÄ<� ��xm��}~� � x�� ��yXÝ � �n�v����x<�¡��� � x ��� ��� �0x"�m�,}���� �
	 �l���v���l¿¦x¡�n��w�}~�jÉ
}~wD�lwa¢lÙÂÃ �?��xm�<�0ÙÂÃº�Â�(�0�����<�0xmw�}�� � �Ö���l�¡Ç ° x"���¡���<}~� � x�� ��}~� � x��;²��,�0���vÙÂÄ<� ��xm���"ÙÂÄ ��KÖ��M ���"Ù?Ä<� KÒ�3M
�0�����È�,�E�n}~� � �ÂÔ � x*w¶�n�l}�um�0xÂ�,}~w�}~���n}~�0x � �"x*���l};� � � �´� }~�<�"���v�"xm�,�/�n�������(�0x"�"��� � x´�/�n�,�,}�x�¢S���Á�0xm�/�n�,���n�����0�
� x"�(}~� � }��"x"�(}~� � x��;²´{�±D{j�\ÉE�Áxm�(}~� � ²´{�±¾{j� ����¢ xm�(���a�,�0��}��,}�umwXx¶�/�n�,�,}�x � x¶� 	 �n�~¥¦���,}~�,tlwXxÁx"�0��x�� � �m�l� � x
� �v���l¿¦x¡�n� � �/�n�,�,}~� � xN�j�¡�jÇ>³ xm�,�0xÓ�/�n�,�,}�x¼�;xm�,wXxm� � ¥��n��xmwXxm��� � x¼wXxm�,�,�0xhxm� � ¿S} � xm�v�"xÓ�l��w¶�\�j}ÆÉ
wD�lw �
	 �nw��l�~}~�,� � x �!K^}~� � x��AM��,�l� � �,}�xm�l�0x � {�±D{j�jÇ ° �(Åv� � x��0�S� � }��n�;x¡�n»;Ç ¸r�l� � �0xm���0x(�n�À�l}~¿¦x¡�n� � x����¡�
��x"�X�:Fcx"�m�E�n�,}����v� � x"��¿��n��xm�l�0��� � �,�l�~�E�n��� � x"� ��� �0x"�m�,}����v�¶x�F;x"�m�,� � x"�X�0�l���l�vx©� � �,}�� � x � �5�0}~¥��/�n���l�0x"�ÖÉ
�,}������n�,� � �,}�xm�~��x�Ç ° x"�?¿��n�,}��nÍl��x"�?�;�3KÖ��Mº� �TKÒ�3M´�"���,�0x"�,�;��� � xm���¾�n�j� �¶¿¦x"�m�0xm�l�0� � x��0���,�,}�x�¢;xm�´��x"�?¿��n�,}��nÍl��x"�
�!K^�
����M��!K^�
� �3M?�0xm�l� � �0xm���0xm���(�G�Îxm�E�n� � x ��� �0x"�m�,}����ÚÇ�ÙÂxm�j�h�¡���?Åv¥��l�0xm���¶Ô?�0��}~�ÂÍ��S���Ò²�¿��Â�j¢c�"x����l}:�"���ÖÉ
�0x"�,�;��� � � �l�vx ��� �0x"�m�,}����Ó� � �v�0�,}�x�¢vxm����x"��¿��n�,}��nÍl��x"�*�l�0xm�l�vxm���?��x"��¿��n��xm�l�0�*�v���l¿¦xm�~��xmwXxm���Â��Íl�0xm���vx"�´�/�n�
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Ãº���,tvx��0��x"�m�,�E�n� � ��w¶�n}~�Ú¢�¹Èx��n�0x<�v�0x � �0�¾�n�/�n�~�j�0x<�0xm�/�n�E�n�0xm�~�(�,tvx��¡�n� � }��Ñ¿����E�m�l���n� �n� � �0x"�,�l}~�E�n�0���,���,}~wXx
�0xm�,}�x"��¹�}~�,t¼�,tvx¾Õ/���,��Õv���l�,}�xm�?sÚ�E�n�v�Ö¸Ò���,w KQÕ�Õ�s M�¢l¹�tl}��0tÓ¥�}~¿¦x"���,tvxm}~���;�¡¹ xm�´�,�;x"�m�,�E�n�ÚÙÂxm�v�,}~�Î�¦Ç
×·xÈ�n�0xÈ�v�0x � �n���0���0�Â�n�/�n�~�S�ExÊ�,tvx �¡�n� � }��Ñ¿����E�m�l���n�:�n� � �0x"�,�l}~�E�n�0���,�¾�,}~wXxÈ�0xm�,}�x"�7�Î¹È�?Í����Î¹È�l¢¦Í��¾�,�,� � �S}~�l¥
�,tvxm}~� ³ ��tvxm�0xm�v�"x*�n� � ���n}~�ÚÇ�ÃÎ���/�n�,�,}��m�l���n�¡¢¦�,tvx �E�n�,}��Â�n¸%�,tvx<�´��É }~���0xm�,¿��n�j�0�¾{SÄ �Ð¿��n�,}��nÍl}~�~}~�Î��xm¿��n�~�/�n�0x"�
�,tvx¾�,�;x"�m�,�E�n�ÚÄ��n�0���0x�Ü/x��Ó{Sxm�v�,}~�,}~¿�}~�º� KQÄ �Â{TM�Ç
Õl�0��w �,tvx�¹�tv����x´���Ñ¹Èxm�È�0��x"�m�,�,�lw � xm�v�,}~�Î�¦¢l���Ê¹ xm�~����� ¸^�0��wÌ�,tvx�¹�tv����x*�0��x"�m�,�E�n�c³ ��tvxm�0xm�v�"x?�n� � ���n}~�Ú¢
¹ÈxDx��S�,�E���m���,tvx¾�Î¹È�XÍ/�n� � �*�n¸�}~���0xm�0x"�,� � x"�E�m�,}~Í�x � }~�¼�,tvxÂ�lt��j�,}�������¥�}��¡�n�r}~���,�0� � �v�m�,}����ÚÇ
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(�A �&A�
 ��� «¡¬ ã ä��7®�«�� ã � « ã « D ß , ¬ ß�� � ß � «��U­ � ª�� ãcã « D � � �
sr�a}~w��l�0�¡¿¦xX�,tvx¶ÕCÕ�s��0x"�,�l�~�0�Ñ¢Ú¹Èx©�n�0x��v�0x � �0�¼�n�l�l�~�ÓÅv�~�0xm�0�¾Í;x�¸Q���0xX�n� � �\¸Q�0xm���,tvxXÕ�Õ�s��l�0���"x"�E��}~�ÖÉ
�0xm�Æ¸,¢C�����,tv�Ñ¹��Z���Ï�,tvx�Åv¥��l�0x
���jÇÀÄ x�¸Ò���0x�¢C�,tvx¶���;xm�E�n�,}~�v�����i�,tvx¶�E�¡�n���n�(�,}~¥��/�n� ¢ �B=����¾¢r�¡�n�ZÍ�x¶�,tvx
�,�lÍv�,�,�E���m�,}����½�n¸*�,tvx©wXx¡�n�½�n¸��,tvx��,}~¥��/�n�<�n� � �,tvx©×#Õ�Ã � �l�0���"x"�0�0}~�l¥v¢Ê�����n�~�0x¡� � � � x"�0�m�,}~Í�x � }~�Ï�,tvx
�¾¬ ß! ¬ ã ® ß ª¡ª�� � � �0x"�m�,}����ÚÇ·�*¸^�0xm�¡¢Ê�,tvx©¿¦x"�m�0���,}��n���0}~¥��/�n� }����,wX�S���,tvx � �0�Ð��Íl�E�n}~�5�,tvxÀ{�wX�S���,tI�C�¡¹Èxm�
{��;x"�m�,�E�n�rÙÂxm�v�,}~�Î� K {S�È{SÙ$M�Ç
s<tvx´Åv¥��l�0x"�*���j¢T���j¢A�j�Â�,tv�¡¹L�,tvx?¥��E�n�ltl}��¡�n�rx�Fcx"�m�0�<�n¸7�,tvxÂ�,�;x"�m�,�,�lw4�,wX�����,tl}~�l¥X�n� � �,tvx?}~w��;���,�E�n�v�"x
�n¸*�,tvx��0tv��}��"x��n¸?�n�I�n�l�l�0���l�,}��n�0x�¹�}~� � �Ñ¹¾Ç·s<tvx��,wX�����,tl}~�l¥h¸Òx¡�n�,�l�0x"�X�n�l�0��w¶�n�,}��¡�n�~�~�Zt/�n�l�;xm�5¹�tvxm�
�m�~}��0»S}~�l¥¶���a�,tvx 5#� 
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	DÍl���S�0»;Ç

s<tvxÂÅv¥��l�0x"�?�����n� � �����0x�¸Qxm�*�0���,tvx�w¶�n�,tvxmw¶�n�,}��¡�n� � x�Åv�l}~�,}����v�*¥�}~¿¦xm�a}~�a�,tvx��´x"�0x¡�n�0�0t¼�´xm�����,�¡Ç

(�A �&A � � � ãcã « D ß ä � ãSâ(ß ¬ �  Êß ®�«¡¬n­ � �Àß � ª��U« à ­lª¡ª ß ª¡ª�� ß � « � � « D ßaâ D ã � ß ª  Êß ®¦«¡¬ ���
s<tvxX�,tl�0x"x�¸Q���~���Ñ¹�}~�l¥¼Åv¥��l�0x"�6���j¢G�4�¼�n� � �ny¼}~�~�~�v�,�,�E�n�0x¶�,tvx�¥�����Í/�n� �l�0�S�"x"�0�,}~�l¥Ó�0�a��Íl�E�n}~�i�,tvxÁ{S�È{SÙ�Ô
�,tvx�Åv�0�0�´�,tv�Ñ¹��*�,tvx�{l³ ÃÖ³���{ � }��n¥��E�nwa¢��,tvxD�0x"�"��� � ¢%�,tvx¾�/�n�E�nwXxm�0xm�0�Â�n¸ x¡���0th�l�0�S�"x"�0��Íl���S�0»Ó�n� � �,tvx
�,tl}~� � ¢l�,tvx�¥��E�n�ltl}��¡�n�C�,�v�"�"x"�0�,}~¿¦x?¸Òx¡�n�,�l�0x"���n¸��,tvx¾�,�;x"�m�,�,�lwaÇ

(�A �&A * � � � � ­ � ä�ª  Êß ®¦«¡¬\­ � � �^ª  Êß ¬\ª�� ã � ­lª¡ª ß ª¡ª�� ß � « � � ­ , ¬ ß�� � ß � ® à ¨C­ � ä
s<tvx<¿��n�,}��nÍl��x"� �"��w��l�l�0x � }~�Xx¡���Et�¸^�0x"���vxm�v�m��Í/�n� � ¢¦�,tvx�xm�vxm�,¥����n� ��� }��,�;xm�0�,}����Ú¢��"��w��l��xm�0xm�~� � x"�0�m�,}~Í;x �
�,tvx��,�;x"�m�,�,�lwaÇÌs<tvx � }��,�;xm�0�,}����1}��Àxm¿��n�~�/�n�0x � Í�� �,tl�0x"xÐ¿��n�~�vx"�¡ÔZ�,tvxÓ¸^�0x"���vxm�v�m�1�n�0���l� � ¹�}��EtL�,tvx
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Smoothed Power
Spectral Density
SPSD  (Dxx)

X

real X

imag X

amplitude

time

amplitude

frequency frequency

amplitude
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Vector smoothing features : Hanning window

5

hn

512

0 1 2 3 4 5 6

Time series                                                                Raw spectrum                                                      Smoothed spectrum
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4 5 63210

512

5

Vector smoothing features : rectangular widow

Times series                                                           Raw spectrum                                                  Smoothed spectrum
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Smoothed Power

Spectral Density

SPSD (Dxx)

raw X
filtered X

Delayed X

 real X

imag X
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WFIR FFT

Vectorial module square

Smooth
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time(sec)

2) raw global spectrum1) Time series 

3) Filtering of time series: FIR; pb [0.04 - 0.20]Hz) 4) Smoothing of  filtered spectrum : 5 pts  frequential smoothing
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for the minimal dispersion:

frequency

SPSD value
dispersion indice (DI)

energy value

Spectral Density

512

Smoothed Power  

SPSD     (Dxx)

0.04

0.13

4
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0.04

0.13

4
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for the minimal dispersion:

frequency

SPSD value
dispersion indice (DI)

energy value

Spectral Density
Smoothed Power  

SPSD     (Dxx)

4

512

4

512

0.15

0.4

0.15

0.4
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Smoothed Power  Spectral Density

for the minimal dispersion:

frequency

SPSD value
dispersion indice (DI)

4

512

4

512

0.15

0.40.03

energy value

X

Resp

Central respiratory frequency
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X real, Ximag

Coherence

Transfer Function

Y real, Y imag

Smoothed  Power Spectral Density (SPSD) - (Dxx)

Smoothed Cross Spectral Density (SCSD) - (Dxy)

Smoothed Power Spectral Density (SPSD) - (Dyy)

Function

 X

 Y
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Gain Function

Cross Spectral Density

Smooth

Smooth

Xreal

Ximag

Coherence function

FFT Vectorial module square Smooth

SmoothVectorial module squareFFT

Yreal
Yimag

Y

X

SCSD (XY)

SCSD (XY)

SPSD (X)

SPSD (Y)
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Hz

HzHz

Hz

X  Smooth Power Spectral Density

Y  Smooth Power Spectral Density

Coherence Function

Gain Function

Band of
 interest
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0.13

0.04

4

0.04

0.13
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4

mean Coherence

mean Gain

COHER BAND                                                                                         GAIN BAND

Coherence function (X,Y)

Transfer function (X,Y)
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COHER CENTR                                                                                              GAIN CENTR

0.5

0.03

512

4

0.5

Coherence function (X,Y)

Transfer function (X,Y)

SPSD Resp

mean Coherence

mean Gain

Central respiratory frequency
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355
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0.12                 0.18

hm

Filtered X X

Large band_pass WFIR Narrow band_pass WIR, centered on respiratory frequency at 0.15Hz

0.04             0.4
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 X

xreal X    a cos (wt + Phi  ) 

imag X   a sin (wt + Phi  ) 
x

87

hm
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s<tvx´�0x"�,�l}~�E�n�0���,�¶�lt/���0x*}�� �,tvxm�Á�"��w��l�l�0x � }~�Á�,tvx 	 � � Íl���S�0»;¢�¹�}~�,tÁ�,tvx?�"��w��l��x�� �Ë�,}~¥��/�n���0�(�0x¡�n�~}��0x
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�Ó��x�¸^�º¹ �n� � �0tl}Æ¸^���n¸?�n�~�<¸Q�0x"���vxm�v�m}�x"�Ñ¢ �Ó���¡¹<É �/���0��×1Õ�Ãº� Åv�~�0xm��t/�����0�hÍ;xÀ�n�l�l�~}�x � �0�Ó»¦x"xm�I���l�~�Z�,tvx
¸Q�0x"���vxm�v�m�½�n¸�}~���0xm�0x"�,�¡¢<}~���,tvx ��< ��
 @�� �(�>Íl���S�0»;Ç#s<tvx$� 	)=95�@ � ��?C� <)
)� :!@XÍl���S�0»5�,tvxm� �l�0�Ñ¿�} � x"�©�,tvx
�lt/���0x�¢r���¾�l�0x"�"x � xm���,�~� � x"�0�m�,}~Í;x � ¢7�n� � �,tvxX�nw��l�~}~�,� � x�¢7���¾�,tvx��0�¡�n���n��wX� � �l��x��n¸<�,tvx � xmwX� � �l���n�,}����
�n¸ �8�n���,tvx��0x"�0�l}~�E�n�0���,�©¸Q�0x"���vxm�v�m�¦Ç
s<tvx�}~�v�,�E�n���E�n�vx"���v�(¸^�0x"���vxm�v�m�Ó}��(��Íl�E�n}~�vx � Í��h�,tvx�Åv�0�,�D��� � xm� � }GFcxm�0xm���,}��n�,}����5�n¸��,tvx�}~�v�,�E�n���E�n�vx"���v�
�lt/���0x KQÕC}~¥vÇÊ���3M�Ç

X (real,imag)

Respiratory
Signal (real,imag)

Instantaneous

Parameters:

X frequency

X Phase

X Amplitude

Resp. Amplitude

Resp. Frequency

CV signal
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Continuous phase

arc tg (imag X/real X)

Imag X
Real X

Phase X
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Imag X
Real X

Respiratory

Phase

DMC phase 

DMC amplitude 

xa cos(wt+Phi )

x

xa cos(Phi -Phi  )
r

a sin(Phi -Phi  )
r

(wt+Phi )r

a sin(wt+Phi )x

Real X=

Imag X=

Respiratory
Phase
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deriv: vector of the filter coefficients
First order differentiation of Phi

1   d Phi t
2    dt

  Fr +- 

Respiratory Frequency

Demodulation Phase

Fr

Phi
t

Instantaneous Frequency
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Hilbert filter

LP filter

WFIR large

WFIR narrow: HF

Successive delays related to the different filters

Generalized filter or derivative filter: first order differentiation
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large WFIR

narrow WFIR for the LF band

narrow WFIR for the HF band

Hilbert filter

frequency bounds for the different WFIR (in Hz)
********************************************************************************************************************

********************************************************************************************************************

********************************************************************************************************************

Pre-processing

SPWVD

Instantaneous parameters

********************************************************************************************************************

gain of the filters 

temporal and frequential  filters

Successive delays related to the different filters

low-pass filter for the instantaneous parameters computation 
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n points

Real

Imag

RR

bottom

m

n points

Left vector translation                                                                      Bottom matrix translation

t

t1                                                       tn

t
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SPWVD
real part
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RR

for 3D Scilab visualisation
in HF
SPWV matrix (1024 samples)
Time +

for 3D Scilab visualisation

SPWV matrix (1024 samples)
in LF

Time +

Time

reading clock                                                                                             under_sampling clock

ÕC}~¥��l�0x ���jÔ���	 @ � ��� � � =8?3?C� < �/=�
><�
�� <&� � 	��0	 � � :!@B:4<��/= 
 @B: 
 
 

	 @ � � ��< 5�� = � < 5;=�
><�
�� < � 

	T@�	 � =���:
<&� 

	 @ � � �B=���:

$&%GO'$)(



���������
	�� ���

RR

Time

reading clock                                                                                                     under_sampling clock

SPWVD matrix (1024 samples)

Time +

for 3D Scilab visualisation
of the whole spectrum
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Respiratory Signal
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�,tvx¾�0x"���vxm�v�"x�¢l}~�v�m�0x¡���,}~�l¥NKÖ��M<��� � x"�m�0x¡���,}~�l¥NKUÉE��M�Ýv�,tvx����lwDÍ;xm�´�n¸:�E�nw��l��x"��}~�h���0x"���vxm�v�"x�Ýl�,tvx�¿��n�~�vx"�
�n¸��,tvx"�0x"���E�nw��l��x"�¡¢/�*�L�,tvxm�¼�n¸ {SÄ<� KQÕC}~¥vÇ ���3M�Ç
s<tl}����l�0��¥��E�nw � xm�0x"�m�0�(�n�~�:�,tvx��0x"���vxm�v�"x"�Ñ¢c¹�}~�,tv���l�¾�E�n»S}~�l¥À}~���0�a���"�"���l���(�,tvx��m�,}~�0xm�,}����n¸ ¿��n�~} � }~�Î�¦¢C���
¸Ò����x��l�nw��l��xD���,}��0x�����¸ �n�~�Ú�n¸:������wX���0x¾w�w !*¥�¸Ò�����,tvx({SÄ<���n� � �n¸ ������wX���0x¾Íl�lwG¸Q�����,tvxD�¡�n� � }����
�,t��S�,tlwaÇ�s<tvx��v�0xm��t/�����0�À�Etv��}��"x�tl}~wX�0xm�Æ¸<�,tvx��;xm�,}�� � ���n¸ �,tvxX�¡�n� � }��¡¿����0�m�l���n�¾�,}~wXxX�Exm�,}�x"�Â�0� � xm�0x"�m�
�0x"���vxm�v�"x"�¡¢j�,tvxm�Ú¢ltvx�t/�����0�X�0xm��x"�m���,tvx¾�0x"���vxm�v�"x"���"���,�0x"�,�;��� � }~�l¥¶�0���,tvx¾�v�,�/�n�r�m�,}~�0xm�,}��jÇ

$&%GO'$)(



���������
	�� £4�

Occurrences of the end of a sequence

time (s)

time (s)

time (s)

SBP

RR 

RR and SBP
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scicos clock

               number of samples                     N_seq reserved places (10)Time (s)        Direction
1        -1                in the sequence

RR (ms)

SBP (mmHg)

    
 

  y1 (1)                         y1(2)                        y1(3 ..N+3) for RR                 and           y1(N+4 .. 2*N+2) for SBP

Extract of the output file for the sequence lasting at the second 191.5
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s<tvx ° �´�7±�²´³ �Ïtl}�xm�E�n�0�0t���}��C�,tv�¡¹������(�,tvx Åv¥��l�0x �4�jÇCs<tvx D 5��;<
� = �;Åv��x<�n� � �,tvx ° �?�7±�²´³ � � }~�0x"�m�0���,�
�,�E�n� � �n���,tvx¾����¥�}~�a��xm¿¦xm� Ç

I D ß � ����	�� ��� & � ß }�� �vx"x � x � ¸Q��� �E�n»�}~�l¥�}~���0�X���"�"���l�����,tvx´¸Q�l�v�m�,}����v�<�v�0x � }~�Á�,tvx¾{l³ Ã,³���{Á�n�l�l�~}��¡�\É
�,}����v�¡Ç ÃÎ��¥¦xm�0�*�,tvx�{l³ Ã ° �?Ä#¸^�l�v�m�,}����v�?�n� � �~}~�l»j���,tvxmw ¹�}~�,tÓ�,tvx(³L�n� � ÕÏ¸Q�l�v�m�,}����v�¡¢%�n�*�,tvxD�,�E�n�,�*�n¸
{l³ Ã ° �´ÄÂÇ

I D ß � § ���
�
 � äG�^¬ ß ®�« ã ¬ à �0x�¸Òxm�0�r�0���,tvx � }GF;xm�0xm���7»S}~� � �C�n¸j�l�0��¥��E�nwX�7�v�0x � Í����,tvxÈ�n�l�l�~}��¡�n�,}����v�ÑÇ

+ s<tvx � � �$		� � � }~�0x"�m�0���,�Z�"�����E�n}~�v���,tvxÀ³�¸Q�l�v�m�,}����v�'K^}~�Z�,tvx 	 � � � � 		� � � }~�0x"�m�0���,�TM�¢Ê�,tvx©Õ
¸Q�l�v�m�,}����v� K^}~�5�,tvx �G� � � �$		� � � }~�0x"�m�0���,�AM�¢Ê�,tvx¼{l³ Ã ° �´ÄÌ¸Q�l�v�m�,}����v� K^}~�Ï�,tvx � 	�� � � � �$		� �
� }~�0x"�m�0���,�AM�Ç �È���0t¼�n¸C�,tvx 	 � � � � 		� � �n� � �G� � � �$		� � � }~�0x"�m�0���,}�x"�*}~�v�m�~� � xD��ÛÐ�n»¦x�Åv��x�ÇÊs<tvx
� 	�� � � � �$		� � }~�v�m�~� � x"�¾�,tvx¶{l³ Ã,³���{�É {l³ Ã ° �´Ä�}~���0xm�Ö¸ ���"x�¸^�l�v�m�,}����v���n� � �,tvx©{l³ Ã ° �´Ä9¸Q�l�v��É
�,}����v�ÑÇ7s<tvxÈ{l³ Ã,³���{�É {l³ Ã ° �´ÄÐ}~���0xm�Ö¸Ò���"xÊ¸^�l�v�m�,}����v�C�n�0x��/�nwXx � ���c�v��wÀ²<¸,Ç �0�m} ¢\�,tvxÈ{l³ Ã ° �´ÄÓ¸Q�l�v��É
�,}����v�Ñ¢n���c�v��waÇ �E�m} Ç7s<tvx�� � � ��� � � � }~�0x"�m�0���,���"�����E�n}~�v�r�,tvxÈ{l³ Ã,³���{?�l�0��¥��E�nw�³ÈØÂ�¾²�Íl���S�0»j�¡Ç �"���¡¢
�"��w��;���0x � �n¸��,tvx¾xm��xmwXxm���E�n�,�ÀÍl�����E»S� � x � }��¡�n�0x � �0���,tvx¾�¡�n� � }��¡¿����0�m�l���n�?�,}~¥��/�n�Ú�l�0�S�"x"�0�,}~�l¥vÇ

+ s<tvx
� ��� ��� � ��� � �
� �¾¢ � ��� � 	 � �
� ��¢ � � �C¢ ��� � �¾¢ � ��
 � � � 	�� � ¢ � � � � � � }~�0x"�m�0���,}�x"�
�n�0x � x � }��¡�n�0x � �0���,tvx({l³ Ã,³���{Á�l�0��¥��E�nwX�¡Ç
s<tvx � ��� � 	 � �
� � � }~�0x"�m�0���,�D}~�v�m�~� � x"���,tvx � xm�0x"�m�,}������l�0��¥��E�nwX�:�n¸/�,tvx<�*�½�n� � Ä<�Ð�,}~wXxÈ�Exm�,}�x"�¡¢
�n� � �Á�l�0��¥��E�nw=�/�nwXx ��� xm�0x"�m�,}����v�´�"¹��´x"�,�ÚÇ �"���¾¹�tl}��Eti���l�~� � xm���"�j���,tvx��0x"�,�l}~�E�n�0���,�Ð�,}~¥��/�n�:Í��
�,tvx � xm���"�j�*�n¸��,tvx?Åv�~�0xm�0���v�0x � }~�a�,tvx � xm�0x"�m�,}����¼�n¸��´� �n� � Ä<�CÇ
Ãº�a�,tvx � ��� ��� � � � � �
� � � }~�0x"�m�0���,�¦¢H��x��v�nw��l��x"�´�n�0x � ���vx�¢/Íl�l}~�~�*���a�,tvx¾�g�nwXx��0�0tvxmwXx�Ç s<tvx
�n�����vx �0t/�n�l¥¦xÈÍ;xm�Î¹Èx"xm���,tvxmw��"���v�"xm�,�v�r�,tvx ¸Q�0x"���vxm�v�m��Í/�n� � �v�0x � ¸Ò��� � xmwX� � �l���n�,}~�l¥vÇ:ÃÎ�D�/�n�,�,}��m�jÉ
���n�¡¢�³ ÙÂÛi²*�����jÇ �"���7}��r�n�l�l�~}�x � �0�´� �/���"x � Íl�0x¡�n�,tl}~�l¥´�"��� � }~�,}������n�r�jÇ ��� ! �È�n� � ³ ÙÂÛi²��0�������¡Ç �"���
}����n�l�l�~}�x � �0�Ó�a�,�;�����E�n�vx"���v�(Íl�0x¡�n�,tl}~�l¥h�"��� � }~�,}����ÚÇÀs<tvx"�Ex¶x��v�nw��l��x"�(�"���l� � tvxm�~�i�,tvxX�v�Exm�¾�0�
� � �n�l�*�,tvx(³ ÙÂÛ=�l�0��¥��E�nw �0��}~�0���¡¹��Ð�n�l�l�~}��¡�n�,}����ÚÇ
s<tvx ��� � � � }~�0x"�m�0���,�D�"�����E�n}~�v���n���E����x��v�nw��l��x"�CÍl�l}~�~�7���D�,tvx �E�nwXxÈ�0�0tvxmwXx�ÇCs<tvx ¥��n}~�v�´�*Ä<�CÇ �"���
�l�0��¥��E�nwË�"��w��l�l�0x"�¾�,tvx��"��tvxm�0xm�v�"xX�n� � ¥��n}~�ÐÍ;xm�Î¹ x"xm�·�*���n� � {SÄ<�7¢c�´���n� � ÙÂÄ<�C¢;¹�tvxm�0x¡���
�,tvxD�Î¹ �©���,tvxm�0�?�"��w��l�l�0x��n���E���,tvxD�"��tvxm�0xm�v�"x(Í�xm�º¹Èx"xm�h�,tvx¾�0x"�,�l}~�E�n�0���,�a�0}~¥��/�n�C�n� � �,tvxD�¡�n� � }��nÉ
¿����0�m�l���n�¾�,}~¥��/�n���ÑÇ(¥��n}~�v�´�*Ä<��²��/���"x � � �È{S�7Ç �"���(}��¾�n�l�l�~}�x � �0�a�Á�0xm¥��l���n�¾Íl�0x¡�n�,tl}~�l¥Ó�"��� � }~�,}����Ú¢
¹�tvxm�0x¡���?¥��n}~�v�´�*Ä<��²��,�;�����0� �È{S�7Ç �"���¾}��?�n�l�l�~}�x � �0�©�©�,�;�����E�n�vx"���v�¡¢�}~�,�0xm¥��l���n�ÂÍl�0x¡�n�,tl}~�l¥À�"���jÉ
� }~�,}����ÚÇ¶�´���l�0xm¿S}����v�,�~�Ð�0x"xm�Ú¢c}~�·�,tvx�Åv�0�0�D�¡���0x�¢c�,tvx !?Õ�Í/�n� � }��¾�"xm���0xm�0x � �n�0���l� � �,tvxX�"xm���,�E�n�
�0x"�0�l}~�E�n�0���,�©¸Q�0x"���vxm�v�m�¦ÇÊÃÎ�À�,tvxD�0x"�"��� � �¡���0x�¢j�,tvx !?ÕÏÍ/�n� � }��*���l�,}����,} � x�Åv�vx � Ç
s<tvx � � � � }~�0x"�m�0���,�½�"�����E�n}~�v�©�,tvxaÕ�Õ�s
�l�0��¥��E�nw�w�}~�l¥Ï�n¸Â�,tvxa�´� �n� � {SÄ<�Ì�0xm�,}�x"�©�n� � �,tvx
¿S}��,�/�n�~} �Ñ�n�,}����¼�n¸C�,tvxm}~���,�;x"�m�,�,�lwaÇÈ�´�vxÂ�¡�n�ÀwX� � }ÆÅ/xÂ�,tl}����l�0��¥��E�nwGÍ���� �l� }~�l¥¶�,tvx?�"��w��l�l�E�n�,}����
�n¸��,tvx¾�,�;x"�m�,�E�n�c¿��n�~�vx"��}~�ax¡���0t¼¸^�0x"���vxm�v�m�ÁÍ/�n� � Ç
s<tvx � ��
�� � � 	�� � � }~�0x"�m�0���,�À�"�����E�n}~�v�?���vxÂ�l�0��¥��E�nwaÔ �Ex"���vxm�v�"x"�0�´�?{SÄ<�CÇ �"���¡Ç
s<tvx � � � � � � }~�0x"�m�0���,�Ð�"�����E�n}~�v�¾�0xm¿¦xm�E�n�:�l�0��¥��E�nwX�¡ÇX{S�:×#ØÂÙ�Ç �"���¾}��Â�,tvx(¹�tv����xX�n�l�l�~}��¡�n�,}����Ú¢
�"��w��l�l�,}~�l¥´�,tvx:}~�v�,�E�n���E�n�vx"���v�r�/�n�E�nwXxm�0xm�0�¡Ç:{S�:×#Ø?Ù´¸Ò��� ��Ù�Ç �"���7�n� � {S�:×#ØÂÙ*¸Ò��� ��Ù�²�¥�����Í/�n� Ç �"���
�"��w��l�l�0x � ���l�~�À�,tvx�}~�v�,�E�n���E�n�vx"���v���,�;x"�m�,�,�lwa¢c{S�Ê×�ØÂÙ´¸Q��� ��Ù�Ç �"���Â�"��w��l�l�0x"�Â�,tvx(�0��x"�m�,�,�lwµ}~�
�,tvx !?Õ �n� � }~�Z�,tvx ° Õ Í/�n� � �0xm�/�n�E�n�0xm�~�·¹�tvxm�0x¡���¶{S�:×#Ø?Ù´¸Ò��� ��Ù�²�¥�����Í/�n� Ç �"���X�"��w��l�l�0x"���,tvx
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¹�tv����x��,�;x"�m�,�,�lw Í;xm�Î¹ x"xm�Ð�jÇ �nyÀ�n� � �jÇ y*�¦Ç s<tvx(¿S}��,�/�n�~} �Ñ�n�,}����Ó�n¸Ê�,tvxD�0x"�,�l�~�,}~�l¥¶w¶�n�,�,}Æ�a}�� � ���vx
Í����,tvx({S�:×#Ø?Ù´¸Ò��� ��Ù´¿S}��,�ÚÇ �0�m} Ç

+ s<tvx � =�� � }~�0x"�m�0���,�a�"�����E�n}~�v�?�,tvxDw¶�n�¼Åv��x"�*�v�0x � Í��À�,tvx�{l³ Ã ° �?ÄLtvxm�~�ÚÇ��´�Óx��v�nw��l��x¾}�� � ���vx
���Á�,tvx*Åv¥��l�0x �3�SÇ�×#tvxm�©�m�0x¡�n�,}~�l¥X���vxm¹#Íl���S�0»;¢�}~�È}�� �;���0�,}~Íl��x*�0�(�"��w�wXxm���<}~� Í��Á� �l� }~�l¥��Dw¶�n�
Åv��x©}~�Ï�,tvx � =�� � }~�0x"�m�0���,�¦Çhs<tvxm�5���vx©t/���D�0�Ó�"��w��l}~��x©}~��Í����v�0}~�l¥Ó�,tvxÀ{l³ Ã ° �´Ä E 
���� =�
)� =��
¸Q�l�v�m�,}����a}~�a�,tvx�{l³ Ã ° �?Ä#¹�}~� � �¡¹¾Ç

CDM_025.cos

CDM_lf.cos

CDM_spont.cos

detectionRR.cos

detectionBP.cos

gainRRBP.cos

gainRRBP_pacedRESP.cos

gainRRBP_spontRESP.cos

fftRRSBP.cos sequencesRRSBP.cos SPWVD.cos

SPWVDfor3D.cos

SPWVDfor3D_global.cos

SPWVDfor3Dvisu.sci

C_BLOCKS

PALETTE

F_BLOCKS

SCI_BLOCKS

  

                                        
                                              

LARY_CR

BLOCKS               DEMODULATION      DETECTION           FFT                       GAIN                                              SEQUENCES                  SPWVD

              .scilab Login:

man

detectionRawResp.cos
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ÕC}~�0�,�¡¢ � �¡¹��a���¦� � �,tvx�{l³ Ã ° �?Ä#�/���0»��n¥¦x(�n�¡Ô
t��,�,�ÚÔ �4�\¹�¹�¹<É �0���"��Ç }~�l�,}��jÇ ¸Q�8�n�0�m}~���nÍÚÇ

{Sx"�"��� � �~�¦¢ � �¡¹��Ó���¦� � �,tvx ° �?�r±�²´³ � �/���E»��n¥¦x��n�¡Ô
¸Q�,�ÚÔ �4�Ñ¸Q�,�ÚÇ }~�l�,}��jÇ ¸^�8�nÃ��´�´Ãº� �n�:�0�n�,x"�m�0�8�n�0���0�E�!� ° �´�7±�²´³ � � ° �?�7±�²´³ �(Ç �E�n�¡Ç ¥ �
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Ä �,}~�l¥·�l�½�0� � �n�0xÀ�,tvx��v�Exm�X�%�:s !�{Ï}~�½�,tvx�Ç �0�m}~���nÍ5Åv��xa�n� � }~�½�,tvx �?­ � � ä-�U« ã ¬ ¹�}~� � �¡¹ �n¸
�,tvx¾{l³ Ã,³���{¶w¶�n}~� � }��n¥��E�nwaÇÊs<tvx �?­ � � äG�U« ã ¬ ¹�}~� � �¡¹ �"�����E�n}~�v�<�,tvxÂ���:s !Â{©�n¸r�,tvx¾{l³ Ã,³���{
�/�n��xm�,�0x"�Ñ¢l}~���/�n�,�,}��m�l���n�,�~�©�,tvx����:s !9�n¸C�,tvxD³ÈØ?�D²�Íl�����E»S�<�/�n��xm�,�0x�Ç �´�vx?�¡�n�¼���"�"x"�E�<�0���,tvx �?­ �
� ä-��« ã ¬ Í��À�m�~}��0»S}~�l¥X}~�À�,tvx�� äG�U« wXxm���h�n¸C�,tvx¾w¶�n}~�h{l³ ÃÖ³���{�¹�}~� � �¡¹¾Ç
³ ��w��l}~��xD�,tvx(³1�n� � ÕZ¸Q�l�v�m�,}����v��Í���x��lx"�m�l�,}~�l¥X�,tvxm}~�*ÛÐ�n»¦x�Åv��x�Ç
×#tvxm� �,�E�n�,�,}~�l¥Ï� ° �´�7±�²´³ �µ�n�l�l�~}��¡�n�,}�����}~�½�,tvxÓ{l³ Ã,³���{5xm��¿S}~�0���lwXxm���¡¢��,tvx � }��n¥��E�nw �¡�n�
�Ñ¿¦xm�ÖÜ/�¡¹9�,tvx��,} �¡x��n¸7�,tvxÂ¹�}~� � �Ñ¹ÌÝl���vxÂt/���<�0�X� � � �v�0� }~��Í��Á�Et/�n�l¥�}~�l¥X�,tvx��¦ãcã � ���l�,}����À}~�À�,tvx
� �^ª¡® wXxm���¼�n¸��,tvx�w¶�n}~�h{l³ Ã,³���{Á¹�}~� � �¡¹¾Ç

� %�� � 0�� ; 0 4�< � 5 ;!� 0�<�) 0?>
/ ��+ 5 

<=0�3�<=5 ) /'9 ;=)�� ��� 7!� " � �B9('./1<=0,9�)*�B9,;��

� A *&A>
 §�«X« D ß �  �  + � �%¬\­  D �U®�­ � � ß3.�ß �
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