
���������	��

����� ������� ��������������� �!���"����#"��$ % 
��&�('�$ �)�*����$,+-����./

����� ��$

��)�0����+1$ �2
3��� �&�������	#���$

46587:9;9;7/< =?>A@CB�DE@GFIHKJMLN9;58OQPR58SN7UTKVN=XWEY[Z-=\VKF]H-^
_8`K7:9RP!aMDGbEbEYc>Cd

F�eCfQg?H-h24ji�kMgN^lJnm2i2gpo�q�r�s
tvu�wyx 58SN7)zNSN58{�7:9|OR5}P x 589R7�H�~n4����-HNs�r���q��/g x 58S	P
� x 9RPR58S tC� �2� 9;7�O�H-�N9 x S-�:7

dIeCkM�UH-h!��i�Jnm2i2gpo�o��]�
tvu�wyx 58SN7)zNSN58{�7:9|OR5}P x 589R7�H�~n4����-HNs�r���q��/g x 58S	P
� x 9RPR58S tC� �2� 9;7�O�H-�N9 x S-�:7
�\�]�����v�j�����N�]�-�����-�	�-���G�������	�n�����j� �¢¡v�?�	�¢£?�X�-�j�;������¤?�¢���N���v�N�	�E���X���v�M�¥���

���]¦-����£M�¥�v�����K�]���v�	�]�n�¥�]�?���]�]�n�|�������n�§�	�

¨ ©	ªX«G¬­©&®°¯n±X²�³\´�µ¥±�´v±X³�±X¶�³\²	¶�·¹¸»º;¼¥½	±]¾�·G¾�·¹¿|±�¸»´v·|¶	³¥À�¼¥Á}±�¶)À:¿;¼¥ÁÃÂ¢·Ä¾�·;³\Â�ÁÃÅ�µQÀ:¼¥ÁÃ±X¶�³C¾-Æ ²	¶�·G¸ÇÀ�¿Q½	ÁÃ¶�·G³§È�¶	¿Q½�µ¥±�¶	·XÉ\ÊG·|¿|Á]µ¥·|Â]Á}·;¶]¼\ËnÀ�¶�¶]²	ÌÃ·;µ
²	¶�³�ÁÃÍX¶	À�Ì6´	ºRµ¥Á}±]¾�Á}Î]²�· Ë ¼�µQÀ�Â¢·;µ¥³)²�¶	·ÇÏc±�¶	¿;¼¥ÁÃ±X¶�¾�·Ç¼�µQÀ�¶�³§Ïc·;µ�¼)Ì}ÁÃ¶�º�À�ÁÐµ¥· ¶�±X¶�ÑÒ³§¼QÀ�¼¥Á}±�¶	¶	À�ÁÐµ¥·U´�º;µ¥ÁÃ±]¾�Á}ÎI²	·XÉ�¯M±X²�³&·;Ó�´�µ¥ÁÃ¸»±�¶	³&ÌÃ·|³&¿|±I·;Ô»¿|ÁÃ·|¶I¼¥³
¾�·/Õ	±X²�µ¥ÁÃ·;µÇ¾�²�³�ÁÃÍX¶	À�ÌM¾�·Ö¿|±X¸»¸ÇÀ:¶�¾�·X×A´�µ¥º�À:ÌØÀ:Å	ÌÃ·|¸»·|¶I¼&¸»±X¶I¼�µ¥º/´�º;µ¥ÁÃ±]¾�Á}ÎI²	·XÉ�ÊG·;³)¿|±I·;Ô»¿;Á}·;¶]¼¥³»¿;±X¶]Â¢·;µ¥Í�·|¶I¼)Â¢·;µ¥³)¾�·|³)Â�À�ÌÃ·|²�µ¥³)±X´�¼¥ÁÃ¸ÇÀ�ÌÃ·|³
³§¼QÀ:¼¥ÁÃ±X¶�¶�À:ÁÃµ¥·;³|×K¸ÇÀ:Ì}Í:µ¥º!Ì}ÀÖ¶	±X¶�ÑÒ³§¼QÀ:¼¥ÁÃ±X¶�¶�À:µ¥ÁÐ¼¥º&¾�² ¼�µQÀ�¶�³§Ïc·;µ�¼�É
ÙM¶(À�ÌÃÍX±:µ¥ÁÃ¼¥½�¸»·)¾�²yÍ�µQÀX¾�ÁÃ·|¶I¼�·|³§¼�·|¶�³�²	ÁÐ¼¥·2´�µ¥±X´v±�³�º)·;¼M¼¥·|³§¼¥º&³�²�µ�¾�·;³Ú³�ÁÃÍX¶�À:²�Ó
¾�·ÚÂ]ÁÃÅ�µQÀ�¼¥ÁÃ±X¶1É

Û(Ü ª�Ý:ÞIßNà�Ý�®âá°·Ö´�µ¥±X´v±�³�·UÀ:¶�À:¿;¼¥ÁÃÂ¢·Ö¿|±X¶I¼�µ¥±XÌG¸»·;¼¥½	±]¾°±:Ïj³§È�¶�¿R½�µ¥±X¶�±X²	³2¸ÇÀ�¿Q½	ÁÃ¶�·ÖÂ]ÁÃÅ�µQÀ�¼¥ÁÃ±X¶	³|É(ãÒ¼&¿|±�¸»·|³!¼¥±y¿|À�¶	¿;·|ÌÄÀy´v·;µ¥ÁÃ±]¾�ÁÃ¿U³�ÁÃÍ�¶�À�Ì
¼¥½�µ¥±�²	ÍX½)À
´v·Rµ¥Á}±]¾�ÁÃ¿�À�ÌÃÌÐÈ)¼¥ÁÃ¸»·;ÑÒÂXÀ�µ�È�Á}¶�ÍM¼�µQÀ:¶	³§Ïc·RµGÏc²�¶	¿;¼¥ÁÃ±�¶1É?á°·j·RÓ�´�µ¥·|³�³C¼¥½	·6ÁÃ¶	´	²�¼A³�Á}Í�¶�À:ÌvÕ	±X²�µ¥ÁÃ·;µG¿;±I·;Ô»¿|ÁÃ·|¶I¼¥³|×Iä	µ¥³§¼E³�½	±�å6¶»´v·;µ¥ÁÃ±]¾�Á}¿�ÉAæ¹½	·;È
¿|±X¶]Â¢·Rµ¥ÍX·6¼¥±!³§¼QÀ�¼¥Á}±�¶�À�µ�ÈÇÂXÀ:Ì}²�·|³|×]ÁÃ¶/³�´�ÁÐ¼¥·n±�Ï-¼¥½	·6¼¥ÁÃ¸»·;ÑÒÂXÀ�µ�È�Á}¶�ÍÚ¼�µQÀ�¶�³§Ïc·;µ¹Ï8²	¶�¿;¼¥ÁÃ±X¶1ÉAçèÍ:µQÀX¾�ÁÃ·|¶I¼6¾�·|³�¿|·|¶I¼¹À�ÌÃÍX±:µ¥ÁÃ¼¥½�¸âÁÃ³¹¶	·RÓ�¼G¾�·;Â¢·|ÌÃ±X´v·�¾N×�À�¶	¾
ÁÐ¼¥³6µ¥·;³�²	ÌÐ¼¥³6±X¶Uµ¥·�À:Ì1Â]ÁÃÅ�µQÀ�¼¥ÁÃ±X¶ ³�ÁÃÍX¶	À�ÌÃ³MÀ:µ¥·�ÁÃ¶]Â¢·|³§¼¥ÁÃÍ¢À�¼¥·�¾-É

é êKë/ìAí¹îyï ð°ñjìEò�îÇë

e � u 9R58ó�58SN7 t 70�:7�PQP;70ô:PRz t 707�OQP(zNS�õN9 u `N_ �:w 7 t 70� u�w õK7:S1O x]ö
P;5 u S x ��PR58{�7 t 7�O/{�5Ø`N9 x P;5 u S-O t\� z-SN7 wyx �|LN5ØS-7°OR÷�S-�|LN9 u SN7�ø�eA7
õN9;58S-��58õ17/õNL�÷vOQ5cù	zN7/zNPR58_Ø5cOQô/7�OQP&_87 OQzN58{ x S	P/ú2zNSN7 t 7�O&` u `N58SN7�O
OQP x P u 9;5cù�z-7�O t 7y_ xpw x �|LN58SN7�HAû u S-��PR5 u SNS x S	P)7�S x _ØPR7:9;S x PR7:z-9Çü
{�5 t 7�H67XO¥P x _85 w 7�S	PRô:7°õ x 9Uz-S"� u zN9 x S	P/ý�þ ÿ � x�� S t 7p��9;ô:7�9/z-S
�|L x�w õ wyx ó�SNô�P;58ù	zN7 x�tNt 5}P;5 u SNSN7:_ x z �|L x�w õ wyx ó�SNô�P;58ù	zN7&S xIö
P;zN9R7�_ t 7Ç_ x(wyx �|LN58SN7�ø��!S�S u P;7��"_ x õ u OQ5ØPR5 u S x SNó�z-_ x 5Ø9;7»õ x 9
9 x õNõ u 9RP�ü/_ � x	� 7 t 7)_ x ` u `N58SN7�øMJM7»�|L x�w õ ó�ô:S � 9R7)OQz-9�_Ø7»OQP xIö
P u 9GzNSN7Mû u 9|��7�
Gþ ÿ
��� � H�7�P tvu S-�6zNS-7M{�58`N9 x PR5 u SÖORzNõNõ-_Øô w 7�S	P x 589;7
� þ ÿ
��� � ø eA7 `NzvP t 7(_ xpw ô�P;L uvt 7 õN9;ô�OR7:S	P;ô:7 tNx S1OÇ��7:P x 9RPR5c��_87
7XO¥P t\� ô:_ x ` u 9;7:9yz-S�� u zN9 x S	P t 7�� u�w wyx S t 7�ý�þÒÿ � ù�z-5
7:SNó�7:S ö
t 9;7)zNSN7){�5Ø`-9 x PR5 u SpO � u õNõ u O x S	P x z � {	58`N9 x P;5 u S-OnS x P;zN9R7�_Ø_87�O t 7
_ xywyx �|LN58SN7�ø!e x û u S-��PR5 u S t 7ÖPR9 x S-OQû 7:9RP2ó�_ u ` x _87Ç7:S	P;9R7Çý�þÒÿ � 7�P
� þ ÿ
��� � HÄ7 � õ u ORô:7(ü0_ x �G58ó-ø���H x ô:PRô t ô�PR7�9 w 58SNô:7 7�PU{ x _Ø5 t ô�7
tNx S-O����
�jú
� e x 9R7�_ x PR5 u S"_Ø5 x S	P ý|þÒÿ � ü�
Gþ ÿ
��� � 7XO¥PyzNS-7 w uvt zN_ x P;5 u S
t\� x�w õN_Ø5ØPRz t 7»õ x 9�z-SpOR58ó�S x _COQ58S�z-O u�� t-x _���þÒÿ
��� � ú

EþÒÿ
��� ����� �"!�# þ%$&� �
'��(!)# þ+*	,-$/.�02ÿ213$&� �

4 5
6 7098;:=< >�?
@ ý�þ ÿ � A �CB

uED � 7�OQPÖzNSN7 � u S1O¥P x S	PR7�HF$­7XO¥PÖ_87 S u�w `N9;7 t 7 õ x 589R7XO
t 7ÇõHG�_Ø7XO t 7Ç_ xywyx �|L-5ØSN7�H-7:PI. 0 O x û 9;ô�ù	zN7�S-��7 t 7Ç9 u P x]ö
PR5 u SCø JM7yOQ58ó�S x _ t 7 wUuvt z-_ x PR5 u S�õ17�zvPKJ�P;9R7 t ô:PR7:9 w 5ØS-ô
7:S»P;7 w õ-O ö 9;ô:7�_�õ x 9AzNS/� x õNPR7:z-9 x SNó�zN_ x 589;7ÄõN_ x ��ôM7:SÇ` u zvP
t\� x 9R`-9R7)9 u P u 9R5cù	zN7�ø
� eC7èOQ÷vOQP ��w 7 w ô�� x SN5cù	zN7 � u S1O¥P;5}P;zNô õ x 9�_87èO¥P x P u 9p7�OQP
wUuvt ô�_Ø5cORô/õ x 9!z-S�OR÷vO¥P �:w 7Ö_85ØS-ô x 589;7/7:P)OQP x PR5 u SNS x 5Ø9;7 t 7

û u S-��PR5 u S t 7
PR9 x S1O¥û 7�9QPMLyþN. � øMJM72P;9 x S-O¥û 7�9QPM7�OQPnORzNõNõ u ORô
x { u 5Ø9nô�P;ô»õN9Rô x _ x `N_87 w 7�S�PÚ5 t 7:S	PR5 � ô�ø

e x {	58`N9 x P;5 u S&ORzNõNõN_8ô w 7�S�P x 589R7 � þÒÿ
��� � 7:SNó�7:S t 9Rô�7Gõ x 9C_876� u zN9 x S	P
t 7n� u�wUwyx S t 7MO � x	O¥u zNPR7 x _ u 9;O x z � {	58`N9 x P;5 u S-OCS x PRzN9;7:_8_87�O t 7j_ x
wyx �|L-5ØSN7MPKþ ÿ
��� � õ u zN9Gû u 9 w 7:9¹_ x {�5Ø`-9 x PR5 u S»P u P x _Ø7 t z wUu PR7�zN9�ø
h2S x ����ô�_Øô�9 u�wU� PR9;7yõ17�9 w 7:P t\� 7:S w 7XOQz-9R7�9ÖzNSN7 5 wyx ó�7 S u PRô�7
Q þ ÿ
��� � 7�P x õ-õ17�_Øô�7!OR5Øó�S x _ t\� 7:9;9R7�zN9�øGeC7)OQõK7���PR9;7 t 7IP1þÒÿ
��� � 7�OQP
õN9;58S-��58õ x _87 w 7�S�PÄ� u S-OQPR5ØPRzNô t 7Ú9 x 5Ø7XOEORõK7���P;9 x _Ø7XO:H t 7nû 9;ô�ù	zN7�S-��7XO
L x 9 w u SN58ù	zN7XO/ü���7�_Ø_87 t 7 _ x û 9;ô�ù	zN7�S-��7 t 7p9 u P x PR5 u SR���(�§ø"JM7
OR5Øó�S x _17�OQP tvu S-� w uvt ô:_858ORô
õ x 96zNS 7�S-OR7 w `-_Ø7 t 72OQ58S�z-O uE�§t 7�O t 7
û 9;ô�ù	zN7�S-��7XOTSH. 0 A SVUXWYB�ø
eA7�O w ô�P;L uvt 7�O»�:_ x OROR5cù�z-7�O t 7y� u S�P;9�G�_Ø7 x ��PR5Øûn{�5cO x S�P»ü w 5ØS ö

 y(t,   )

m(t,   )α

αe(t,   )ν

non-stationnaire périodique

G(   )i(t)

α

α

 d(t,   )

α x(t,   )

fonction de transfert

�E58ó�z-9R7Z��úÄ� u S-��PR5 u S t 7&PR9 x S-OQû 7:9RP�ó�_ u ` x _Ø7 t zpOR÷�OQP ��w 7�ø
5 w 58OR7:9»_ x õNzN5cORO x S-�:7 t zèOQ58ó�S x _ t\� 7�9R9;7:z-9&7:PÇzvPR58_858O x S	P t 7�O x _ ö
ó u 9;5}P;L w 7�O x�tNx õvP x PR5ØûÒO
P;7 w õ u 9R7�_8O!P;7:_cO&ù	zN7U_87U� � eA�0g[� �vH?s�� H
u S�P t 7�O2õ17�9Qû u 9 wyx S-��7XOÚPR9 � O!_Ø5 w 5}P;ô:7XO
õ u zN9)��7:PQPR7 x õNõ-_Ø5c� x PR5 u S
t z�û x 5}P t 7y_ x S u S ö O¥P x P;5 u SNS x 9;5ØPRô t 7 _ x û u S1��PR5 u S t 7UPR9 x SNû 7:9RP
� ���§ø]\ x S1O �:70õ x õN5Ø7�9�H!��7�P°5ØS1� u S�{�ô:SN587:S	P 7XO¥Pp� u S�P u zN9;SNô�7�S
û x 58O x S	P x ó�589A_ � x _Øó u 9;5}P;L w 76OQzN9G_87�OA� u 7(^ ��587:S	P;O t 7n� u z-9R587:9 t 7j_ x
� u�w wyx S t 7�H¢õN9Rô x _ x `N_87 w 7�S�P w u S	PR9;ô:76õKô:9;5 u�t 58ù	zN7�ø¹JM7�O¹� u 7"^ ö

ha
l-0

00
21

29
2,

 v
er

si
on

 1
 - 

20
 M

ar
 2

00
6

Manuscrit auteur, publié dans "17ème Colloque sur le traitement du signal et des images (GRETSI 99), Vannes : France (1999)"
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