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d : Scalogram (variable window)
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Discretized CWT

å*È5ÔIÖ&ÐjÏ¨~�äÜ¶��QÆVÇÎÏYÉ�È5Ô1Ò¬Ë;Ý�çÎÈ(ÍEÉ¡ø �j�u� ç¬Ë;Ò&×ßÈ<ÍEÉ ���=�



�é�
ÉjÈ<Ô1Ò¬ËIÝPçQìAÍEÇ&Ïîû¬Ð�É�ÍOËIÐ�Ó1Ö&Ò&×^��¶ P çüË;Ò&×�ÍEÇ&ÏæÉ�ÏÑÊÑÓIÒ&×óË;ÐjÓ1Ö&ÒÎ×û¶ P í çþËýÉ�È<ÍjÖ¬Ë;ÍEÈ<Ó1ÒØÙSÇ&È<ÊÇ�È5É[Ò&Ó;Í
ÿ1Ï�Ð�ãµÏ�ÿ�È5×&Ï�ÒgÍ�ÖÎÌ�Ó1ÒÀÏq�&Ë;ázÈ<Ò¬Ë;ÍEÈ<Ó1ÒóÓ;Ú¨ÍjÇ&ÏôÉjÈ<Ô1Ò¬ËIÝPäB�¨ÏÑÐ�ÏIç�Ó1Ò&ÏôÊÑËIÒÀáïË�¸;ÏïÍEÇÎÏôÝ5ÏÑÔIÈ<ÍEÈ<áïË>ÍEÏ
ËIÉ�ÉjÖ&á_ÌÎÍEÈ<Ó1ÒïÍjÇ¬Ë;ÍnÍjÇ&Ï[ÊÑÓIÐjÐjÏ�Ý"Ë;ÍjÈ5Ó1Ò_ÿ;ËIÝ5Ö&Ï�ÉnáîÖ&É�ÍVÐjÏ�áïË;È5ÒzÚbË;È5ÐjÝ(ã�ÊÑÓ1ÒÎÉ�ÍË;ÒgÍSÓ/ÿIÏÑÐSËîÐEË;Ò&Ô1Ï¨Ú8ÓIÐ
ÍEÇÎÏ[ÉjÈ<Ô1Ò¬ËIÝ¬ÍEÓ]ñ�Ï¨ÊÑÝ"Ë;ÉjÉjÈ(û¬ÏÑ×ßË;É$Ç¬Ë�ÿ�È5Ò&Ô]ÉjÖ&Ì&ÌZÓ1Ð�ÍnÈ5ÒzÍEÇ¬Ë;Í$ÐEËIÒÎÔ1ÏIä)�¡ÏÑÒ&Ê�ÏIç¬Ó1ÒÎÏ�Ê�Ë;ÒýÊÑÓ1ÒÎÊÑÝ5ÖÎ×&Ï
Ú8ÐjÓIá ÍjÇ&Ï�ÔIÐEËIÌ&ÇÎÉRÍEÇ&Ë;Í$ÍjÇ&Ï[ÉjÖÎÌ&Ì�ÓIÐ�ÍnÓ;Ú6} � È5É���� � �·¶¥�¥��¶ P  Pç�ÍjÇ¬Ë;ÍnÓ;Ú6}2�]È5É�����¶ P �k¶ P  PçÎË;Ò&×
ÍEÇ&Ë;Í�Ó;Ú¹}+~ïÈ5É<��¶ P � �·� ¶& �ä��nË;ÉjÏÑ×ØÓ1ÒØÍEÇÎÏ]Ö&Ò&×ÎÏÑÐjÝ(ã�È5Ò&ÔïËIÉjÉ�Ö&ázÌ�ÍEÈ5ÓIÒ&ÉÑç ÍEÇ&ÏYÇ&È5ÔIÇØÊÑÓIÐjÐjÏ�Ý"Ë;ÍjÈ5Ó1Ò
ÿ;ËIÝ5ÖÎÏÑÉVÓIÚèø � È<ÒôÍEÇ&Ï�ÐEË;Ò&Ô1Ïý���m¶ P �é¶ P  +Ù$Ï�ÐjÏO×&È5É�ÐjÏ�Ô¹ËIÐj×ÎÏÑ×ÕÉjÈ5ÒÎÊÑÏYøS�]Ç¬ËIÉ¡ËæÇ&È5Ô1ÇÎÏÑÐVÊÑÓIÐjÐjÏ�Ý"Ë>Ü
ÍEÈ<Ó1ÒßÈ5ÒôÍEÇ&Ë;Í¡ÐEËIÒ&ÔIÏ�ÍjÇ¬ËIÒØø � ç ËIÒ&×ÕÈ5ÉSá_Ó1ÐjÏ?Ý<È�¸IÏ�Ý<ãzÍEÓ_ñ�Ï�Ì&Ð�ÏÑÉjÏ�Ò¹Í[È5ÒôÍjÇ&ÏYÐjËIÒ&Ô1Ï ���m¶ P �k¶ P  
ÍEÇ&ËIÒØË;ÒgãgÙSÇ&Ï�ÐjÏOÏÑÝ<ÉjÏIä
�-Í¨È5ÉSÊÑÝ<Ï�ËIÐSÚ8ÐjÓ1á ÍEÇ&ÏYÐjÏÑÉ�Ö&Ý<ÍjÉ¨ÌÎÐjÏÑÉ�ÏÑÒ¹ÍEÏ�×�ÍEÇ¬Ë>Í¨ÍjÇ&ÏYÉ�È5á_Ì&Ý5È<É�ÍjÈ5Ê[Ì&Ð�Ó�Ê�ÏÑÉ�É�ÓIÚèÍEË�¸gÈ5Ò&Ô�ÍEÇÎÏYÌ&Ð�È5Ò�Ü

−150 −100 −50 0 50 100 150
0

0.5

1
Corr−S2

−150 −100 −50 0 50 100 150
0

0.5

1
Correlation graphs of the discretized CWT with each Si

Corr−S1

−150 −100 −50 0 50 100 150
0

0.5

1

−>b

Corr−S3

å*È<Ô1Ö&ÐjÏm~Îä  ��$à$ÓIÐjÐjÏ�Ý"Ë;ÍjÈ5Ó1ÒïÔ1ÐEËIÌÎÇ&ÉSÓIÚÍjÇ&Ï�×&È5É�ÊÑÐ�Ï�ÍEÈ �ÑÏ�× ���=�
ÊÑÈ<Ì¬ËIÝ�ÊÑÓ1á_Ì�ÓIÒ&ÏÑÒ¹ÍVÓIÚüÍjÇ&ÏOø�ùYú ÓIÚþÍjÇ&Ï[×&È<ÉjÊÑÐ�Ï�ÍjÈ��ÑÏ�×�	q� ËIÉnÍEÇ&Ï�Ì&ÉjÏ�Ö&×&Ó_Ì�Ó/ÙRÏÑÐVÉjÈ<Ô1Ò¬Ë;ÍjÖ&ÐjÏ¨ÓIÚ
ËïÉ�È5Ô1Ò¬Ë;ÝÊ�Ý"ËIÉ�É[Ê�ËIÒ«çüË;Í�ÍjÈ5á_ÏÑÉ�ç�Ý<Ï�ËI×ØÍjÓôËIáîñÎÈ5Ô1Ö&ÓIÖ&É�È<ÒgÍjÏÑÐ�Ì&ÐjÏ�ÍË;ÍjÈ5Ó1Ò&É�ä[ÆVÇ&ÏîÏq�ÎËIázÌÎÝ5ÏÑÉ�Ì&ÐjÏ�Ü
ÉjÏ�Ò¹ÍEÏÑ×ØÉjÇ&Ó/ÙhÍjÇ¬Ë;ÍSÍEÇ&ÏOÌ&É�ÏÑÖ&×&ÓzÌ�Ó/ÙRÏÑÐ¨ÉjÈ5ÔIÒ¬Ë;ÍEÖÎÐjÏÑÉSÈ<Ò&×&ÏÑÏ�×Ø×&Ó_ÉEË>ÍEÈ5É�ÚAãýÍEÇÎÏYÐ�ÏÑðgÖ&È5Ð�ÏÑá_ÏÑÒ¹Í¡ÓIÚ
ÍEÈ<ázÏ$È5Ò&×&Ï�Ì�Ï�Ò&×&Ï�Ò&ÊÑÏ;ç&ËIÒ&×zËIÐ�Ï¡á_Ó1Ð�ÏV×&È5É�ÊÑÐjÈ<ázÈ<Ò¬Ë;ÍjÈ5Ò&Ô¡ÍEÇ¬ËIÒ�ÍEÇÎÏ¨å¬Ó1ÖÎÐjÈ5Ï�ÐQÉjÌZÏÑÊ�ÍEÐEË�çÎËIÒÎ×zá_Ó1ÐjÏ
ÐjÓIñ&Ö&É�Í?ÍjÇ¬ËIÒ�ÍEÇÎÏ �<�=� ä��¡ÓNÙRÏ�ÿIÏÑÐ�ç ÍjÇ&Ï�ã�Ý5ËIÊ�¸ ÍjÇ&Ï�ËIñ&È<Ý5È(ÍDãÕÍjÓôÊ�ËIÌ�ÍEÖ&Ð�Ï�û&Ò&Ïæ×&È5É�ÍEÈ<Ò&Ê�ÍjÈ5Ó1Ò&É



�ö~
ñZÏ�ÍDÙRÏÑÏÑÒ ×&È<Û�ÏÑÐ�ÏÑÒ¹ÍïÉ�È5Ô1Ò&ËIÝnÊÑÝ5ËIÉjÉ�ÏÑÉ�çVËIÒ&× Ç&ÏÑÒÎÊÑÏIçSË;ÐjÏßÒ&ÓIÍ_Ê�Ë;Ì¬ËIñ&Ý<ÏÕÓ;Ú�É�ÏÑÌ¬ËIÐjË;ÍEÈ<Ò&Ô�ÉjÈ5ÔIÒ¬ËIÝ5É
ñZÏÑÝ5ÓIÒ&Ô1È5ÒÎÔòÍEÓéÍDÙRÓÀÊÑÝ<Ó1ÉjÏ�Ý<ã¼ÉjÌ¬ËIÊ�ÏÑ×�ÊÑÝ5ËIÉjÉ�ÏÑÉ�ä ÆVÇ&È<ÉýÉjÖ&ÔIÔ1ÏÑÉ�ÍEÉôÍEÇ¬Ë>ÍôÓ1Ò&Ï�ÒÎÏÑÏÑ×ÎÉßÍjÓµ×&Ï�ÍjÏÑÐ3Ü
á_È5Ò&ÏzËØá_Ó1ÐjÏzÉjÓ1Ì&ÇÎÈ5É�ÍjÈ5ÊÑË;ÍEÏ�×óÍEÏ�ÊÇ&Ò&È5ðgÖ&ÏýÍjÓØû¬Ò&×óÌ&ÉjÏ�Ö&×&Ó�Ì�Ó/ÙRÏÑÐîÉ�È5Ô1Ò&Ë;ÍEÖ&Ð�ÏÑÉ]ÙSÈ(ÍEÇéñZÏ�Í�ÍEÏ�Ð
×&È<ÉjÊÑÐ�È5á_È5Ò¬Ë>ÍEÈ5ÒÎÔ]Ê�Ë;Ì¬ËIñ&È<Ý5È<ÍDãIä



� Å ³�¿À´��À¶ �

� Å�� � ¶ÂÁ��C� Äw´hÁ!¶ ¾ ¿À¿À¶ÂÁÃ³ Ä�Å

ÆVÇ&Ï¡ÐjÏ�ÉjÖ&Ý(ÍEÉ�ÉjÇ&Ó/ÙSÒýÈ<ÒæÍEÇ&Ï¡Ý"ËIÉ�Í�ÊÇ¬ËIÌÎÍjÏÑÐ�È5Ò&×ÎÈ5Ê�Ë>ÍEÏnÍEÇ&Ë;Í�ÍEÇ&ÏSÉjÈ<Ô1Ò¬Ë;ÍjÖ&ÐjÏ�É�Ó1ñÎÍË;È5Ò&Ï�×_Ú8Ð�Ó1á ÍEÇÎÏ
Ì&Ð�È5Ò&Ê�È5Ì¬ËIÝÊÑÓ1á_ÌZÓ1Ò&ÏÑÒ¹Í?Ó;Ú�ÍjÇ&Ï_ø�ù]ú ÓIÚ�ÍEÇÎÏæ×&È5É�ÊÑÐjÏ�ÍEÈ �ÑÏÑ× ���=� ázË;ÍEÐ�È¼�ØËIÐ�ÏæÝ5È5á_È<ÍjÏÑ× ñgã�Ë
Ý"Ë;Ê�¸?ÓIÚ&û¬Ò&ÏR×&È5É�ÊÑÐ�È5á_È5Ò¬Ë;ÍjÈ5Ò&ÔVÊÑËIÌ¬ËIñÎÈ5Ý5È(ÍDã1äß�DÒYÍjÇ&ÏÑÓIÐ�ã1ç;Ú8Ó1Ð*Ë;Ò]ÏÑÝ<ÏÑá_ÏÑÒ¹Íâ	 � �û� ç>ÍEÇ&ÏRÌ&ÐjÈ<Ò&ÊÑÈ<Ì¬ËIÝ
ÊÑÓIázÌZÓ1Ò&Ï�ÒgÍ[ÓIÚQÍEÇ&Ïæø�ùOú¤×&Ó�ÏÑÉ�ç+È5ÒØÚbË;Ê�Í�ç�Ì&ÐjÓ/ÿ�È5×ÎÏ]ÍEÇ&Ï]ñ�Ï�É�Í?É�ÏÑÌ¬ËIÐjËIñ&Ý<ÏîËIÌ&ÌÎÐjÓ���È5ázË;ÍEÈ<Ó1ÒØÈ<Ò
ÍEÇÎÏ?Ý5Ï�Ë;É�ÍSá_Ï�ËIÒôÉ�ð�Ö&ËIÐjÏ�É¨É�ÏÑÒ&É�Ï m È�ä ÏIä(çÎÈ(Ú X _ [ _ ×ÎÏÑÒ&ÓIÍjÏÑÉVÍEÇÎÏOÌÎÐjÈ5ÒÎÊÑÈ5Ì&ËIÝ�Ê�Ó1á_Ì�Ó1ÒÎÏÑÒ¹ÍÉ{ � �|	 �  �ç _
ÓIÚ ÍEÇ&ÏYø�ùYú�ÓIÚâ	q� ç¬È<ÍSÉjË;ÍEÈ<É�û¬Ï�É

�Qì X _ � [ _ íFR á_È5ÒÅ G
� ��� G � �Qì X � [Ií �Q�Qì X � [Ií)R ¯¯¯

	 � � X [ ¯¯¯ °�¨Ó/ÙRÏ�ÿIÏÑÐÑçüÍjÇ&ÏîÊÑÓIázÌ&Ö�ÍË;ÍjÈ5Ó1Ò ÓIÚQÍEÇ&Ï]Ì&ÉjÏ�Ö&×&ÓßÌ�Ó/ÙRÏÑÐ?É�È5Ô1Ò¬Ë>ÍEÖ&Ð�Ï]Ö&É�È5Ò&ÔïÍjÇ&ÏæÌ&Ð�È5Ò&Ê�È5Ì¬ËIÝþÊ�Ó1á�Ü
ÌZÓ1Ò&ÏÑÒ¹ÍæÓ;ÚVÍEÇ&Ïßø�ù]ú�ÓIÚVÍEÇ&Ïï×&È5É�ÊÑÐjÏ�ÍEÈ �ÑÏÑ×µÊ�Ó�Ï�»_ÊÑÈ5Ï�Ò¹Í�áïË;ÍjÐjÈº�«çÉjÖÎÛ�ÏÑÐ�ÉîÚ8ÐjÓ1á¥Ë ÿIÏÑÐ�ãµÉjÏ�ÐjÈ(Ü
Ó1Ö&É?×ÎÐEË�ÙSñ¬ËIÊ�¸ äo�DÒ�ËI×&×&È(ÍEÈ5ÓIÒ�ÍEÓýÍEÇÎÏzË;ÉjÉjÖÎázÌÎÍjÈ5Ó1ÒÎÉ?ÓIÚ�Ì&È5Ï�ÊÑÏ�ÙSÈ<ÉjÏ�ÊÑÓIÒ&É�ÍEËIÒ¹ÍOÚ8ÓIÐjá_É�Ú8Ó1Ð[ÍEÇÎÏ
Ú8Ö&Ò&Ê�ÍEÈ<Ó1Ò&É XZU ç«ËIÒÎ× [ U çZÈ<Í¨áïË!¸IÏÑÉ¡ÍEÇ&Ï]È5á_Ì&Ý5È<ÊÑÈ<ÍVËIÉjÉ�Ö&ázÌ�ÍEÈ5ÓIÒ ÍEÇ&Ë;Í r :�; i O r : i x i A+@�CEs.r�G ibg r :�;
y ; >�r i O H ��U � � F �±Ä ë ì�l í ��l 2R��÷c s x M CEs ; H�r : @�rzr :�; gqp Ah>�rYs i A÷H X�U R » � � ë � ��U ì ÄbísØ �Pì�� í � X F R
» � � ë � � F ì0Ã í�Ø �¬ìY� í @ OP; i O r : i x i A+@�C(s.A ønäS�[Ò&Ï¡Ê�ËIÒýÐ�Ï�ËI×ÎÈ5Ý<ã]ÉjÏ�Ï�ÍEÇ¬Ë>ÍRÉ�Ö&ÊÇßËIÒïËIÉjÉ�Ö&ázÌ�ÍEÈ5ÓIÒ
È5ÉOÒ&ÓIÍYÿ;ËIÝ5È<×òÈ<ÒòÍEÇÎÏýÉjÌ¬Ë;ÊÑÏßøÃÙSÈ(ÍEÇéÈ(ÍEÉ�Ù$Ï�È5Ô1Ç¹ÍEÏ�×µÈ5Ò&ÒÎÏÑÐOÌ&ÐjÓ�×&Ö&Ê�Í�ä�õ�Ì�Ï�ÊÑÈ<û&Ê�ËIÝ<Ý<ã1çÉjÖ&ÌÎÌ�Ó1É�Ï
ÍEÇ&Ë;Í � _ � � ë ËIÐ�ÏýÍDÙ$Ó�Ó1Ð�ÍEÇ&Ó1ÔIÓ1Ò¬ËIÝ�ÿ1ÏÑÊ�ÍEÓ1Ð�É�Ó1ñÎÍË;È5Ò&Ï�×éÚ8ÐjÓ1á ÍEÇ&ÏÕø�ùOú Ó;Ú¡ÍjÇ&Ïô×&È<ÉjÊÑÐ�Ï�ÍjÈ��ÑÏ�×
����� áïË>ÍEÐjÈº��äèÆVÇ&ÏÑÒ » � � _ ì Äbí � ë ì ÄbíFR P äS�¨Ó/ÙRÏ�ÿIÏÑÐÑç

_ X _ � X ë a � R ��^�_ � a X _ ì�� í X ë ìY� í ¦ �� ëR ��^�_ � a T � � ë � � _ ì Äbí�Ø �PìY� í T � � ë � � ë ì0Ã í�Ø �¬ìY� í�¦ �� ë
Á Å6Æ/ÇSÙ�ÏÑÖ/íNù/ÎÜÌqÚ6ã�ÌqÎÐù/Ç þ Á Æ&ÌNÙ6î!ÇLÇ\ÖmÏÐÖ&ÛbÔNÚ�Í�Ô�ÚúÌ�ÓwÇLÒ×ÏÐÖZÓ�ÔdÓwÆ/Ç¹Ýºù/Ö&ÛbÓ�ÏÐÔ�Ö&Ù	� Á  � Á ÝºÔNÚßÛbÔNÖZãNÇ\Ö/ÏÐÇ\Ö!ÛbÇ�à

�·�



�é¶
R T � � ¬ � � _ ì Äbí � ë ì Äbí � ^�_�� a Ø �bì�� í ¦ �� ëR � ^�_ T � ��¬ �� � £ _ � _ ì Äbí � ë ì Äbí
2R P

�¨Ó;ÍEÏ�ÍEÇ¬Ë;ÍYÏ�ÿIÏÑÒéÈ(ÚnÓ1ÒÎÏzÖ&É�ÏÑÉ]ËÕÖ&ÒÎÈ<Ú8Ó1Ð�á ×&È5É�ÊÑÐ�Ï�ÍEÈ ��Ë;ÍjÈ5Ó1Ò�È5Ò�ÉjÊÑËIÝ5Ï;ç ÍjÇ&Ï_Ó1Ð�ÍjÇ&Ó1Ô1Ó1Ò&ËIÝ5È(ÍDã�ËIÉ3Ü
ÉjÖÎázÌÎÍjÈ5Ó1ÒæÈ<ÉQÒ&ÓIÍQÿ;ËIÝ<È5×+ä ÆVÇ&È5ÉQÓ�ÊÑÊ�Ö&ÐjÉ�ñZÏÑÊÑËIÖ&ÉjÏSÍEÇÎÏ¡É�Ì¬ËIÊ�Ï�ø�È5ÉQÒ&Ó;ÍQÍEÇ&ÏVÍEÐjËI×&È(ÍEÈ5ÓIÒ¬ËIÝ��¨È5Ý<ñ�Ï�Ð�Í
ÉjÌ&ËIÊÑÏ;çZñÎÖÎÍ¡È5ÉVÈ5ÒÎÉ�ÍEÏÑËI×+ç¬ËæÙRÏÑÈ5ÔIÇgÍjÏÑ×Á�¨È<Ý5ñZÏÑÐ�ÍnÉjÌ¬ËIÊ�ÏOÙSÈ(ÍEÇôÍEÇÎÏOÈ<Ò&Ò&Ï�ÐVÌ&ÐjÓ�×&Ö&Ê�Í¨×ÎÏ�û¬Ò&Ï�×�ËIÉu�

_ X _ � X ë a � R � ^�_�� a X _ ì�� í X ë ìY� í ¦ �� ë m c X _ � X ë � ø
à$Ó1Ò&É�ÏÑðgÖ&Ï�ÒgÍjÝ<ãIç¡É�È5Ò&Ê�Ï � R ø � e ç$È<Ú � _ � � ë çVËIÒ&× � _ � � ë çVËIÐ�ÏßÓ1Ð�ÍjÇ&Ó1Ô1Ó1Ò&ËIÝVÈ5Ò Ä ë ì�l í ç
È<Íz×&Ó�ÏÑÉzÒ&ÓIÍïÚ8ÓIÝ5Ý5Ó/Ù ÍEÇ¬Ë;Í_ÍEÇÎÏØÏÑÝ<ÏÑá_ÏÑÒ¹ÍEÉ X _ [ _ çSËIÒ&× X

ë [ ë È5Ò � ×&Ï�û¬Ò&ÏÑ×�Ë;É X _ [ _ ìY����� íÁR
» ��� � � ë � � _ ì Äbí � _ ìYÃ í�Ø �Pì�� íáÙ � ìY� í Ë;Ò&× X ë [ ë ì������ í�R » ��� � � ë � � ë ì Äbí � ë ì0Ã í�Ø ��ìY� í�Ù �&ì�� í ç�Ë;ÐjÏ�Ó1Ð�ÍjÇ&Ó1Ô;Ü
Ó1Ò¬Ë;Ý1È5Ò � äâ�¡ÏÑÒ&Ê�ÏIç>Ô1È<ÿIÏÑÒ$	 � �f� ç>ÍjÇ&Ó1Ö&ÔIÇ�{ � ��	 �� 1È5É+É�Ö&ÊÇOÍjÇ¬Ë;Í � 	 �h��	 � � { � �|	 �� � ° R P ç
ÍEÇÎÈ5É_Ì&ÐjÓ1ÌZÏÑÐ�ÍDãÀÒ&ÓóÝ<Ó1Ò&Ô1Ï�Ð�Ç&Ó1Ý5×ÎÉ_ÍjÐjÖ&ÏßÙSÇ&ÏÑÒ Ó1Ò&ÏÕÊÑÓ1Ò&É�È5×&Ï�ÐjÉ_ÍEÇ&ÏÕ×&È5É�ÊÑÐ�Ï�ÍEÈ ��Ë;ÍjÈ5Ó1Ò Ö&É�ÏÑ×wÈ<Ò
à$Ç¬ËIÌ�ÍEÏÑÐm~Îç�ÍjÓý×&Ï�ÍjÏÑÐ�ázÈ<Ò&Ï�{ � �|	��� Pç«Ð�ÏÑÉjÖÎÝ<ÍEÈ<Ò&ÔïÈ<Ò�ËïÐ�ÏÑ×&ÖÎÊÑÏÑ×�É�È5Ô1Ò¬Ë>ÍEÖ&Ð�Ï]ðgÖ¬ËIÝ<È<ÍDã1ä¨ÆVÇ&ÏîÉ�È<Í�Ü
Ö¬Ë;ÍjÈ5Ó1Ò È5ÉïñZÏÑÉ�Íô×&Ï�ÉjÊÑÐ�È5ñZÏÑ×�È<Ò ÍEÇ&Ï�å*È5Ô1ÖÎÐjÏ®�Îä � ä=�DÒwÍEÇ&ÏØû&Ô1Ö&ÐjÏ;ç � ×ÎÏÑÒ&ÓIÍjÏÑÉýÍjÇ&Ï�ÊÑÝ<Ó1ÉjÏ�×
ÉjÖÎñ&ÉjÌ¬Ë;ÊÑÏ�ÓIÚ ����� Ú8ÖÎÒ&Ê�ÍjÈ5Ó1Ò&É�çüËIÒ&× ��� È<ÍEÉ¨Ó1Ð�ÍjÇ&Ó1Ô1ÓIÒ¬ËIÝþÉjÖ&ñÎÉjÌ¬ËIÊ�Ï�È5Ò � ä�ÆVÇ&ÏîÏÑÝ<ÏÑá_ÏÑÒ¹Í�ç
	 � � ç�È<É]ÍEÓ�ñZÏßËIÌ&Ì&Ð�Ó��ÎÈ<áïË>ÍEÏÑ×µñ¹ãéË�ÉjÏÑÌ&ËIÐEËIñÎÝ5ÏôÏÑÝ<ÏÑá_ÏÑÒ¹ÍæÓIÚ � äB�DÒµÍEÇÎÏÑÓ1Ð�ã1çQÍEÇ&ÏôñZÏÑÉ�Í
ÉjÏ�Ì¬ËIÐjËIñ&Ý5ÏzËIÌ&ÌÎÐjÓ���È5ázË;ÍEÈ<Ó1Ò�È5É�Ì&Ð�ÓNÿ�È<×&ÏÑ×òñgã�ÍjÇ&Ï_ÉjÏÑÌ&ËIÐEËIñÎÝ5Ï_ÏÑÝ5Ï�ázÏ�Ò¹ÍYÈ<Ò � ÍEÇ&Ë;ÍOÓ1Ð�ÍjÇ&Ó1Ô1Ó;Ü
Ò¬ËIÝ<Ý<ã�Ì&Ð�Ó���ÏÑÊ�ÍEÉæÓ1Ò¹ÍEÓB	Nç�ËIÒ&×µÈ<ÉîÔ1È<ÿIÏÑÒµñ¹ãéÍjÇ&ÏýÌ&Ð�È5Ò&Ê�È5Ì¬ËIÝ�ÊÑÓIázÌZÓ1Ò&Ï�ÒgÍ�Ó;ÚÉ	ýËIÉî×&Ï�û¬Ò&Ï�×¼È<Ò
ÞQÐjÓ1ÌZÓ1É�È<ÍEÈ<Ó1Ò�~Îä � ä)�DÒßÍEÇ&Ï?û¬Ô1ÖÎÐjÏIç&ÍjÇ&È5ÉSÈ<ÉVÐjÏÑÌÎÐjÏÑÉ�ÏÑÒ¹ÍEÏ�×�ñ¹ãýÍEÇÎÏOÏ�Ý5Ï�ázÏ�ÒgÍ X [��f� ä��¡Ó/Ù$Ï�ÿ1ÏÑÐ�ç
ÍEÇÎÏØ×&È<ÉjÊÑÐ�Ï�ÍjÈ��ÑÏ�×�ø�ùYú ËIÒ¬ËIÝ(ã�É�È5É_Ó1ÖÎÍjÝ5È5ÒÎÏÑ× È5Ò�à$Ç&ËIÌÎÍEÏ�Ð ~Îç$ã�È<ÏÑÝ5×ÎÉ_ÍjÇ&ÏØÏ�Ý5ÏÑá_ÏÑÒ¹Í �X �[ñ� �
ËIÉ¡ÍEÇ&ÏOñ�Ï�É�Í�ÉjÏÑÌ&ËIÐEËIñÎÝ5ÏîË;Ì&Ì&ÐjÓ���È5ázË;ÍjÈ5Ó1Ò+ç�ÙSÇ&ÏÑÐ�Ï �X �[�R » ��� � � ë � � _ ì ÄPí � _ ìYÃ ísØ �Pì�� í�Ù � ìY� í ä$�¨ÓIÍjÏ
Ç&Ó/ÙRÏ�ÿ1Ï�ÐÑç ÍEÇ¬Ë>Í¨È<ÒýÍEÇ&Ï�É�ÏÑÒ&É�Ï]ÓIÚ ÍEÇ&Ï?ÙRÏÑÈ<Ô1Ç¹ÍEÏÑ× È5Ò&ÒÎÏÑÐVÌ&Ð�Ó�×&ÖÎÊ�Í¡×&Ï�û&Ò&ÏÑ× È5Ò � çÎÍjÇ&Ï�ÏÑÝ5Ï�ázÏ�Ò¹Í
�X �[ ×&Ó�ÏÑÉ]ÒÎÓIÍOÓ1Ð�ÍjÇ&Ó1Ô1Ó1Ò&ËIÝ5Ý(ã�Ì&Ð�Ó���ÏÑÊ�ÍîÓ1Ò¹ÍEÓÁ	Nç*ñ&ÖÎÍYÐEË>ÍEÇ&Ï�ÐYÓ1Ò¹ÍjÓ �	 ��� ä �-Ú V 	,� �	 V ° È<É



�B 

� �
� �

� �
� �

� �
�}�

��
��
��
��
��
��
��
��
���  

S¡ ¡
¡ ¡
¡ ¡
¡ ¡
¡ ¡
¡5¢¤£ £
£ £
£ £
£ £
£ £

¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥¦ ¦

¦ ¦
¦ ¦
¦ ¦
¦ ¦
¦ §

¨

©ª ©«

¬  ® ¯¯

©¨

ª+«

å*È5ÔIÖ&ÐjÏ¨�&ä � ��t?ÐEËIÌÎÇ&È5ÊÑËIÝ«Ð�ÏÑÌ&Ð�ÏÑÉjÏ�Ò¹ÍË;ÍjÈ5Ó1ÒÕÓIÚ*ÍjÇ&ÏYø�ùYúo½ ËIÒ&×ÕÌ&ÐjÓ���Ï�Ê�ÍjÈ5Ó1Òôÿ1Ï�Ê�ÍjÓ1ÐjÉ
Ý"Ë;ÐjÔ1Ï;çgÍjÇ&ÏÑÒôÓIÒ&Ï�ÊÑËIÒýÈ5Ò¹ÍjÖ&È<ÍjÈ<ÿ1Ï�Ý<ã�É�ÏÑÏ�ÍjÇ¬Ë;Í�ÍEÇ&Ï[Ï�Ý5Ï�ázÏ�ÒgÍ �X �[ È<É$ËYÌ�Ó�Ó1ÐRËIÌ&Ì&Ð�ÓI��È<áïË;ÍjÈ5Ó1ÒæÍjÓ¥	>ä
©�Ç¬Ë;Í�ÓIÒ&ÏSÒ&ÏÑÏ�×&É�ÍjÓ�×&Ï�ÍjÏÑÐjá_È5ÒÎÏnÍEÇ&Ï�ÒzÈ<ÉèÍEÇ&ÏnÍjÐjÖ&ÏSÌ&Ð�È5Ò&Ê�È5Ì¬ËIÝ�ÊÑÓ1á_ÌZÓ1Ò&ÏÑÒ¹Í�ÓIÚ2	NçgÙSÇÎÈ5ÊÇ_È5ÉèÍEÇÎÏ
ÏÑÝ<ÏÑá_ÏÑÒ¹Í X [ � � ÍEÇ&Ë;Í[Ó1Ð�ÍEÇ&ÓIÔ1Ó1Ò¬ËIÝ<Ý<ãßÌ&Ð�Ó���ÏÑÊ�ÍEÉ?Ó1Ò¹ÍjÓ�	>ä�ÆVÇ&ÏæÒ&ÓIÐjázËIÝ5È �ÑÏÑ×ÕÚ8Ö&Ò&Ê�ÍEÈ5ÓIÒ X ÊÑËIÒ
ÍEÇÎÏÑÒïñZÏ¡Ö&ÉjÏ�×ïÍEÓO×&ÏÑÒÎÓIÍEÏSÍEÇ&Ï¡Ì&É�ÏÑÖ&×&Ó]Ì�Ó/ÙRÏÑÐ�ÉjÈ5ÔIÒ¬Ë;ÍEÖÎÐjÏSÓIÚ«ÍjÇ&ÏSÚ8Ö&Ò&Ê�ÍjÈ5Ó1Òo} � ê ë ì~} í ÙSÇ&Ó1É�Ï
����� È<É[Ô1È<ÿIÏÑÒ�ñ¹ãB	NäYõ�È5Ò&Ê�Ï]ÍEÇÎÈ5É[É�È5Ô1Ò¬Ë>ÍEÖ&Ð�ÏîÈ5É¨Ó1ñÎÍË;È5Ò&Ï�×�ËIÉ?ËýÐjÏ�ÉjÖ&Ý(Í?ÓIÚRËýÌ&Ð�Ó���ÏÑÊ�ÍEÈ5ÓIÒ+ç+È<Í
È5É¡ÐjÏ�Ú8ÏÑÐ�ÐjÏÑ× ÍEÓýË;É[ËzÌÎÐjÓ���Ï�Ê�ÍEÈ<Ó1ÒØÉ�È5Ô1Ò&Ë;ÍEÖ&Ð�ÏIäVÆVÇ&ÏYÚ8Ó1Ý5Ý<ÓNÙSÈ<Ò&ÔæÉjÏ�Ê�ÍjÈ5Ó1Ò&É¡Ú8Ó1Ðjá]Ö&Ý"Ë;ÍjÏOËIÒ&×�É�Ó1Ý<ÿIÏ
ÍEÇÎÏzÌ&Ð�Ó1ñ&Ý<ÏÑá ÓIÚ$×&È5Ð�ÏÑÊ�ÍjÝ<ã�×ÎÏ�ÍEÏ�Ðjá_È5Ò&È<Ò&ÔßÍEÇ&Ï_Ì&ÉjÏ�Ö&×&Ó�ÌZÓ/Ù$Ï�Ð]É�È5Ô1Ò¬Ë>ÍEÖ&Ð�ÏÑÉOÖ&ÉjÈ<Ò&ÔØËÕÉjÖ&È(ÍËIñÎÝ<ã
×&Ï�û¬Ò&ÏÑ× Ì&ÐjÓÕ��ÏÑÊ�ÍjÈ5Ó1ÒßÓ1ÌZÏÑÐjË;ÍEÓIÐÑä
° �!� ± µm¦�¬W�B´û�fª�§²s ¢¥µ �²³ßµ´ ¦�©��fª ³
ÆVÇ&Ï?û¬Ð�É�Í¡É�ÍjÏÑÌÕÈ5ÒôÍEÇ&Ï�×&Ï�ÍEÏ�Ðjá_È5Ò¬Ë;ÍjÈ5Ó1ÒïÓIÚÍjÇ&Ï?Ì&Ð�Ó���ÏÑÊ�ÍEÈ5ÓIÒ É�È5Ô1Ò¬Ë>ÍEÖ&Ð�Ï?È5É$ÍjÇ&Ï�×&Ï�û¬ÒÎÈ<ÍEÈ<Ó1ÒôÓIÚ*Ë
ÉjÖÎÈ<ÍË;ñ&Ý5Ï?Ó1Ð�ÍEÇ&ÓIÔ1Ó1Ò¬ËIÝ�Ì&ÐjÓÕ��ÏÑÊ�ÍjÈ5Ó1ÒÕÓ1ÌZÏÑÐjË;ÍEÓ1Ð·¶ � �¨¿ � ä
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hj¸µ@é%(#�@X¹ ºß5Y7986:�;�O�;ý;LK s�H�r.Ho@�A i O r : i x i A+@�C M+O i t�; >�r�s i A i M�;�O @�r i OC¶ � � ¿ � Qk;�p A ;�Q
@&H g�i C.C i DâHrq

¶ �|	� �ì������ íSR ��^�_�� � � � 	 ¼»x½ ì¾F�P� í 	;ì¾F�P� í ¦ � ¦ ¾¾ ë �dc�	 �f�
¿ ý ð7ð7ù ä ÆÓ_Ì&Ð�ÓNÿIÏ?ÍEÇ¬Ë;Í�¶ È<ÉSËIÒÕÓ1Ð�ÍjÇ&Ó1Ô1Ó1Ò&ËIÝ«Ì&Ð�Ó���ÏÑÊ�ÍEÈ<Ó1ÒßÓ1Ì�Ï�ÐEË;ÍjÓ1ÐÑçÎÓ1Ò&Ï�Ò&ÏÑÏ�×&ÉSÍEÓ�ÉjÇ&Ó/Ù
ÍEÇÎÏ�Ú8ÓIÝ5Ý5Ó/ÙSÈ<Ò&Ô&ä

� ¶tÈ<ÉnÙ$Ï�Ý5Ýü×&Ï�û¬Ò&ÏÑ×«ç�Ë;Ò&×ßÈ<ÍEÉVÐjËIÒ&Ô1Ï�È<É � ä
� ¶tÈ<ÉSË�ÌÎÐjÓ���Ï�Ê�ÍEÈ<Ó1Ò+ç¬ÈPä Ï;äÀ¶ ë R ¶_ä
� ¶tÈ<ÉVÉjÏÑÝ(Ú"Ü3ËI×Õ��Ó1È5Ò¹Í�ç�È�ä ÏIäÀ¶®v R ¶zä

8 i H : i Dør : @�r ¶ s�H¨D ; C.C Qk;�p A ;�Q D)s.r :�O @�A�x ; � c @�A Q s�H<@ M+O i t�; >�r�s i A i M�;�O @�r i ONn
�-Í�È5É)¸gÒ&Ó/ÙSÒïÍjÇ¬Ë;Í � È<É�ËOÐ�ÏÑÌ&Ð�Ó�×ÎÖ&ÊÑÈ<Ò&Ôu¸IÏÑÐ�Ò&ÏÑÝ2�¨È<Ý5ñZÏÑÐ�ÍQÉjÌ¬Ë;ÊÑÏ]ì [ � ��� � � X � í ç1ÙSÈ(ÍEÇ�ÍEÇ&Ï×¸IÏ�ÐjÒ&Ï�Ý
Ô1È(ÿ1ÏÑÒÕñ¹ãà�+ìY�(�P� m ¾��P� í)R 	  »x½ ì¾F�P� í ì����! ! í äQÆVÇ&È<ÉSÈ5á_Ì&Ý5È<ÏÑÉRÍjÇ¬Ë;ÍSÔ1È(ÿ1Ï�ÒØËIÒ¹ã�	 �f� ç

	;ì������ íSR ��^�_ �I����� 	  »x½ ì¾���� í 	;ì¾F�P� í§¦ ¾ ¦ �¾ ë
ÆVÇgÖ&ÉÑç*ñgã�ÍjÇ&Ïz×ÎÏ�û¬Ò&È(ÍEÈ<Ó1ÒòÓ;Úm¶_ç*Ô1È(ÿ1ÏÑÒóËIÒ¹ãû	 � � çÁ¶ø�Ñ	� ��� äÕà$Ó1Ò&É�È5×&Ï�Ð]ËIÒ¹ãû	 �ñ� ä
õ�È<Ò&ÊÑÏ � È<ÉæË�ÊÑÝ<Ó1ÉjÏ�× É�Ö&ñ&É�Ì¬ËIÊÑÏßÓIÚ � çQñ¹ãòÍEÇ&ÏôÌ&Ð�Ó���ÏÑÊ�ÍEÈ<Ó1ÒéÍEÇ&Ï�Ó1ÐjÏ�á È<Ò �¨È5Ý<ñ�Ï�Ð�ÍYÉjÌ¬Ë;ÊÑÏÑÉ�ç
	 R 	qÂdß 	 ÂÄÃ ç�ÙSÇ&ÏÑÐ�Ï<	qÂ �B� çZËIÒÎ×Á	 ÂÄÃ �B� � äS�¨Ï�Ò&ÊÑÏ;ç

¶ �|	� �ì������ í R ¶ �|	�ÂS �ìY����� í ßN¶ ��	 Â Ã  �ì������ í
R � 	�ÂÉ��	  »x½ � ° ß � 	 ÂÁÃ ��	  »x½ � °
R � 	�ÂÉ��	  »x½ � ° ��ìPø)l�Ã6	 E 	  »x½ �B� �z	 ÂÁÃ �B� � � � 	 ÂÁÃ ��	  »x½ � ° R P í
R 	qÂ[ìY����� í � �
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F e q P�N u�^»� N ��^C\ P �pt e ��u�r P \ N ^ e _»�`� N ^`� P�R`e´³ '

���\ è�e�gQe(P W$��u�t º 0 ï W$\�^p_Åa
�T 0Qµ V " W \1t e \ g �vu~� R ux�ö^ N ^ X N ���pt e . � ' �}R

r`� e t è�e¹R ux� P�Rpes`tvu
F e q P�N u�^~� N ��^C\ P �`t e � q gQe \�t g z¹� e sC\1t�\ PSeöPSR`eÎR`N � Rpg z q u�tvt e�g \ P�e _~� N ��^`\ g � ¸ õ

\�^`_ ¸ " � ��R`e � e� N ��^C\ P �`t e �+� e t elP�Rpe ^ê\�s`s gQNhe _ P u P�R`e q g \��v� NQ| q \ PSN u�^-s`tvu�r gQe�i _ e � q t N r e _ N ^ X N ���`t e / � . ���R`e q u i s$u�� N�P�e � N ��^`\ g \�^`_ PSR`e q u�tvt e(g \ PSN u�^-��tS\�s R �éu1� PSR`e s`tSu
F e q PSN u�^®� N ��^C\ P �`t e �+� NQPSRP�Rpe _ N � q t e�P�NQ��e _ � ¶¦· u�� P�Rpe q u i s u�� NQPSe � N ��^C\ g \�t e � R ux�ö^ N ^ X N ���pt e . � � � X

tSu i�P�Rpe¶3·n¸ Ï�Ð�¹ ¡¨å¢e���½�Á�c«�±e«>�g¢®��±®¡Â<¢®¡Â�	¥5�����g¢®¡¨���-��¥]� Ï�Ð�¹]º ¼8��´c����¼�«�
· ¸�¾5»çÀ"× ¼½ ¾ É Í É�¿À»j¿ÀÁ.¸Å Í Á�¸�¿À»�¿ÂÁ
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Scale(dyadic)

Projection signatures of the above signals

−>S1

−>S2

−>S3

X N ���pt e . � ' � ��R`e / � N ��^C\ g q g \��v� e ��W$\�^`_ P�Rpe�N t�sptSu
F e q P�N u�^Ú� N ��^C\ P �pt e �



ïÒÿ

−200 0 200
0

0.2

0.4

0.6

0.8

1

Corr−S3

−200 0 200
0

0.2

0.4

0.6

0.8

1
Corr−S2

−200 0 200
0

0.2

0.4

0.6

0.8

1
Corr−S1

−150 −100 −50 0 50 100 150
−1

−0.5

0

0.5

1
Signal to be classified

x1 : [−125:−50]

x2 : [−50:50]

x3 : [50:115]

X N ���pt e . � � � ��R`e s`tvu
F e q P�N u�^Ú� N ��^`\ P �`t e �Î\�s`s ghNhe _ P u P�R`e q g \��v� NQ| q \ PSN u�^fs`tvu�r gQe�i



ï �
q u�tSt e(g \ PSN u�^���t�\�s R ��W{u�^ e q \�^ q u�^ q g �`_ e � N�P�R \ R`N � R _ e ��t e�e u1� q u�^ | _ e ^ q eöPSR \ P PSR`e � N ��^C\ g¸ õ N �Gs`t e � e ^ P N ^ P�R`e � e � i~e ^ PÌm�Ë ' � . ��Ë . U o W ¸ " N �Gspt e � e ^ P N ^ P�R`e � e � ije ^ PjmË . UÚ� . U o W\�^`_ P�Rpe � N ��^C\ g ¸ � N ��s`t e � e ^ PGN ^ P�R`e � e � ije ^ Plm . UÌ� '�' . o�� � u PSN q e W`� R`e ^ q u i sC\1t e _�� NQPSR
X N ���`t e / � ï W PSR`eöR`N � R q u�tSt e�g \ P�N u�^ è \ g � e �]u�r P \ N ^ e _j�`� N ^`� P�Rpe s`tvu

F e q P�N u�^~� N ��^`\ P �`t e �(W³\1^`_
P�Rpe q ghe \1t _ e(i \1t q \ P�N u�^Lu1� P�R`eÌP tS\�^`� NQP�N u�^®s u N ^ P � � ��R`e~RpN � R q u�tvt e�g \ P�N u�^ è \ g � e ��\�t e u����t e \ P�NQi s$u�t P \�^ q e � R`e ^�u�^ e ^ e(e _`� P u q g \1�S� N ��z~\¹� N ��^C\ g � Rpe t e �3�½��� . ac�¥Ã . aÅÄ .x,tk �¦�eac�¦�� þ`, b3b��3���f��ý*� . ��� , ��� k �����8� . �&�� í&%öí&% Æ¢õ�@�òÇ(ÉÈ]ò3@�ò�ô��Ê(G÷>(>@Ë� ó³ò�ó
X

u�tÎ�`� e¹N ^ q g \��v� NQ| q \ PSN u�^ß\�s`s gQN q \ P�N u�^`��W N�PGN � e w P t e�ije�g z Nhi s u�t P \�^ PöP�R \ PGPSR`e s`tvu
F e q P�N u�^� N ��^C\ P �`t e � r e t e�ghN \�r gQe¹i~e \��S�pt e � u�� P�Rpe q g \��v� e � PSR`e z®t e s`t e � e ^ P �ÂF z PSR`N �(W°u�^ elNhi s ghNQe �

P�R \ P ��u�td��\ i s ghe �u1�`_ N�û e t e ^ P � N ��^C\ g � N ^ P�R`e ��\ ije � N ��^C\ g q g \��v��W P�R`e s`tSu
F e q PSN u�^ � N ��^C\ P �`t e �� R u�� g _ ^`u P � R ux�¨� N ��^ NQ| q \�^ Plè \�t N \ P�N u�^`� � � u�^`� N _ e t~\ q u iji u�^ e wp\ i s ghe u��G\L�vs e(e q R� N ��^C\ g W�S\Fzê��u�t e wp\ i s gQe W PSR`engQe(PvP�e tÍÌ

�
9 9 \�� �Ss$u�ë e ^br¾z¢\�s e tv�Su�^bu�^¢� e�è�e t�\ g _ N�û e t e ^ Pu q�q \1� N u�^`� �H| P+N �}t e \��vu�^C\�r ghe P u e w³s e q P+PSR \ P � ghN � R{PÎè \�t N \ PSN u�^p�Ç� Nhghgde w N � P r e�P � e(e ^ e(è�e tJz� PvP�e tS\�^ q e u�� P�Rpeyghe�PSP�e t�r{z P�R`e �S\ ije s e tS�vu�^ � G uH� e(è�e t(WX\�t e�gQN \�r ghe � N ��^C\ P �pt e ��u�t P�Rpe� N ��^C\ g q g \��S� � R`e t e W P�Rpe � N ��^C\ g q g \��v� q u i s`t N � e � u�� e(è�e tvz¹��\ i s ghe u�� P�R`e�gQe(PSPSe tkÌ

�
9 9 �Ss$u�ë e ^r{z PSR`e ��\ i~e s e tv�Su�^C�~� R u�� g _ r e �&\ N t g z N ^`� e ^`� N�P�N�è�eßP u P�R`e � eÅè \�t N \ PSN u�^`� �øX N ���`t e . � /s`t e � e ^ P � P�Rpe t e �S� g�P �+u�� PSR`e t e�ghN \�r NQghNQP z e w³s e t Nhije ^ P �`� N ^`� PSR`N � e wp\ i s ghe ��| ^ PSR`e | ���`t e W

Z
\ i s gQeÉÎ '

t e s`t e � e ^ P � P�R`e s`tvu
F e q P�N u�^�� N ��^C\ P �`t e �Ç��u�t . _ N�û e t e ^ P ��\ i s gQe ��u�� P�Rpeéghe(PvP�e tÌ

�
9 9 \�� �Ss$u�ë e ^jr¾zl\+s e tS�Su�^~u�^Ì\é� N�è�e ^j_`\xz�W¾\�^`_

Z
\ i s gQe�Î � W P�R`e sptSu

F e q P�N u�^Ì� N ��^C\ P �`t e ���u�t]��\ i s gQe �]u�r P \ N ^ e _nu�^f\�_ N�û e t e ^ P _`\xz ��R r`� e t è�e+PSR`e}è�e tJz R`N � R q u�tSt e�g \ P�N u�^`�Br e�P � e(e ^\ gQg³P�Rpe _ N�û e t e ^ P � N ��^C\ P �`t e � � P�R`e q u�tSt e�g \ P�N u�^ q u e � q Nhe ^ PBè \ g � e � tS\�^`� e _~r e(P � e�e ^
Ï � ÿ U . ËÏ �Ð� . U � � ��Rpe �Ç\ è�e�ghe�P �`� e _b�Ç\1� ³ '

�
� NQPSR º 0 �p�x� �¹r e ��u�t e W N ^ e(è�e tvz q \�� e W a

�
��\��

P \1ë e ^ P uÌr e PSR`e q R \�tS\ q PSe t N � PSN q ���`^ q P�N u�^�u�� PSR`e ��\ i s gQe � N ��^C\ g �



ï �
��R`efe wps e t Nhije ^ P _ e � q t N r e _ \�r$u è�efN ��� N ��^ NQ| q \�^ P ��u�t¹� e(è�e t�\ g t e \1�Su�^`� � ��R`e t e�ghN \�r NQghNQP zt e �S� g�P ��u�r P \ N ^ e _é��tSu i»PSR`e e w³s e t NQi~e ^ P t e�Ñ`e q PdPSR u�� e u�r P \ N ^ e _+��tvu i � e(è�e t�\ g u P�R`e t�� NhijNhg \�t
e w³s e t Nhije ^ P � � X N tS� P W P�R`e¹e w³s e t Nhije ^ P � R ux�ö� P�R \ PGP�R`e sptSu

F e q P�N u�^-� N ��^C\ P �`t e �é\�t e¹P tS� e
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−>Scale(dyadic)
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1
Projection signatures of the letter ‘‘A" using Db4

Sample #1

X N ���`t e . � / � � e�gQN \�r NQghN�P z P�e � P t e �v� gQP ����u�t P�R`e s`tvu
F e q P�N u�^�� N ��^C\ P �pt e �

ije \��v�`t e �yu�� PSR`e � N ��^C\ g q g \��v� P�R`e z q R \�t�\ q P�e t NQ��e W�� R`N q R N �n\�^ e �v� e ^ PSN \ g t e(ç � N t e(i~e ^ Pu��Î\�^{zêt e s`t e � e ^ P \ P�N u�^ � �}e w P W NQP � R ux�ö� P�R \ P¹P�Rpe s`� e �`_`u®s$uH� e t�� N ��^C\ P �pt enPSe q R ^ NQç � eq \1^Lr e \�s`s ghNhe _ P uft e \ g _C\ P \y� N ��^`\ g �Î� R`N q R®i \xz R \ è�e �Su i~e r`\ q ë¾��tSu��p^`_ê^pu N � e W
� ghN � R¾P\�^`u i \ gQNhe � \1^`_<t�\1^`_`u i è \�t N \ P�N u�^`�(W e�è�e ^ PSR u��`� R¢e(è�e tvz¢� N ��^C\ gBe �v� e ^ PSN \ gQg zLr e(g u�^p��� P u
P�Rpe ��\ i~e q g \1�S� ��X N ^C\ ghg z�W N�P t e�NQPSe tS\ P�e � P�Rpe q g \ Nhi P�R \ P}P�R`e � N ��^C\ P �`t e �+\�t e�N ^p_ e s e ^`_ e ^ P



ÿ Uu��G� N ��^C\ g _`�pt�\ PSN u�^
W]� N ^ q eÚe(è�e tJzÁ� N ��^`\ g ��\ i s gQe q u�^`� N _ e t e _ N ^ P�Rpe�e w`\ i s gQe �Ç\1�~u��+\_`�`tS\ P�N u�^�_ N�û e t e ^ P ��tSu iÿP�R`e u PSR`e tv� �� í&%öí�î ÆêùÉÈ./ ó³ôö÷}õ�óCóÒ(}÷>(>@Ë��ó³òSó
R

� N ^`� P u P�R`e \��v�S� i s PSN u�^®u��X\fs Nhe q e � N � e q u�^`� P \�^ P ��u�t i ��u�t P�Rpe ��¶²· u1� PSR`e � N ��^C\ gN ^ PSR`e s`tSu
F e q PSN u�^ \ g ��u�t NQP�Rpi Wu�^ e �Xu�� g _ e wps e q P~PSR \ PlPSR`e \ g ��u�t N�P�R`i �Xu�� g _¿s e tJ��u�t is$u³u�t g zj��u�tö� N ��^C\ g � P�R \ P _pu~^`u P ��\ PSN �v��z P�R`e s`t e�ijN � e � G ux� e�è�e t�W e w³s e t NQi~e ^ P �}u�^�\l� N _ eè \�t NQe(P z¢u��G� N ��^`\ g �¹� R ux�ú�v�`tSs`t N � N ^`� g z<��u�u�_bt e �v� gQP � �È� s$u��S� N r gQefe w³s g \�^C\ PSN u�^<��u�t P�R`N �s R`e ^`u ije ^`u�^ N � PSR \ P � N ^ q eÇP�R`e � ¶²· spt e � e t è�e � P�Rpe t e ��� g \1t NQP z�u�� PSR`e \��v�Su q N \ P�e _l� N ��^`\ g W\l� N ��^C\ g$P�R \ PÇN �Ç�&\ N t g zj� i u�u P�R W`\�^`_�^`u P�R`N � R`g z q u�tvtS�`s P�e _Úr{zy^`u N � e W N � gQN ë e�g z P uj�S\ P�N �v��z

P�Rpe spt e�ijN � e � MOR`e ^Á_ e \ gQN ^`�Å� N�P�R ^`u N �vzb� N ��^C\ g ��W N�Pli~N � R{P r e ^ e q e �S�S\�tvz P u®s`t e(|Cg�P�e t
P�Rpe � N ��^`\ g P ujt e(i u è�e �vu ije u1� PSR`e ^`u N � e r e ��u�t e \�sps g z N ^p� PSR`e s`tSu

F e q PSN u�^ P�e q R ^ NQç � e ���q u i sC\1t�\ PSNQè�e s e tv��u�t i \�^ q e u�� PSR`e tvu�r`�`� P ^ e �S��u�� PSR`e0� � ³�Ó \1^`_ys`tvu
F e q P�N u�^y� N ��^C\ P �`t e �

N ^ PSR`e s`t e � e ^ q e u1��� R`N�P�e ¬�\1�`�S� N \�^O^`u N � e®N �f� R ux�ö^ N ^ X N ���`t e � . � � \�^`_ . � . � | PÚN �Nhi s$u�t P \�^ PjP u¢^`u P�e�PSR \ P � R`NhgQeÚPSR`eßi \ P t N w � � ³ \�s`s`tvu{\ q R _pu e �n^`u P � e ^ e t�\ P�e�è�e tJz_ N � q t NhijN ^C\ P�N ^p�~� N ��^C\ P �`t e � ux� N ^`� P u PSR`elN ^ è \ gQN _Åu�t P�R u���u�^C\ gQNQP z�\��v�S� i s P�N u�^
W PSR`N � è�e tJz\��v�S� i s P�N u�^ i \�ë e � P�R`e � N ��^C\ P �`t e � i u�t e tvu�r`�`� P � ��R`e t e \��Su�^ ��u�t P�R`N � N � PSR \ P W P�RpeN ^ q u�tvt e q P \��S�v� i s P�N u�^ i \�ë e �Ú��u�t�\¿t�\ P�R`e tÚs$u�u�tft e s`t e � e ^ P \ P�N u�^
Wé� R`N q R»N ��^`u PÚè�e tJz� e ^`� N�P�N�è�eöP u P�R`e�è \�t N \ P�N u�^`� u q�q �`tSt N ^`� N ^ PSR`e � N ��^`\ g ux� N ^`� P u P�Rpe ^`u N � e � ��R`e � N ��^C\ P �`t e �
q u i s`� P�e _®�`� N ^`� PSR`e s`tvu

F e q P�N u�^®\ g ��u�t NQPSR`i u�� PSghN ^ e _-\�t e ^`u P \1�étSu�r`�p� P W�r e q \��`� eÌPSR`e zr e(PSPSe t q R \�tS\ q PSe t NQ��e�P�R`e � N ��^C\ g W�\1^`_ Rpe ^ q e Wö\�t e�i u�t e � e ^`� NQP�N�è�e�P u è \�t N \ P�N u�^`� N ^ P�Rpe� N ��^C\ g �D� g �SupW³� N ^ q eGP�R`e s`tSu
F e q PSN u�^y\ g ��u�t NQPSR`i ��\��Ç^`u P ���C\1t�\�^ P�e(e _ P ul\ PvP \ N ^ P�Rpe � g u�rC\ gijN ^ NQi � i W NQPÎN �Îs$u��S� N r gQe PSR \ P _ N�û e t e ^ P+g u q \ g�ijN ^ NQi \l\�t e \ PSP \ N ^ e _�� R`e ^ P�R`e � N ��^C\ g�N �R`N � R`g z q u�tStS�ps P�e _ßr{zf^`u N � e �
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a) Uncorrupted chirp

0 2 4 6 8

0

0.5

1
d) Corresponding SVD signature
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b) Corresponding SVD signature
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c) Corrupted chirp

X N ���`t e . � � � � u�r`�`� P ^ e �v�Gu�� P�Rpe�� � ³!Ó � N ��^C\ P �`t e �
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d) Corresponding projection signature
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1
b) Corresponding projection signature
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1
a) Uncorrupted chirp

X N ���`t e . � . � � u�r`�p� P ^ e �S�Îu�� P�R`e s`tvu
F e q P�N u�^Ú� N ��^`\ P �`t e �



ÿ�/
�

^pu P�R`e t�� P �`_pz~u�� NQi s$u�t P \�^ q eöN ^ PSR`e tvu�r`�`� P ^ e �S��\1^C\ g z�� N �]u�� P�Rpe s`tvu
F e q P�N u�^y� N ��^C\ P �`t e �

N � P�R`e � e ^p� NQPSNQè�NQP z P u P�R`eÅN ^ NQPSN \ g q u�^`_ N�P�N u�^ � Z N ^ q eßP�R`e �Su g � P�N u�^ PSe q R ^ NQç � e u
û e tS�n^`u���C\1t�\�^ P�e(e�P�R \ P \y� g u�rC\ gdijN ^ NQi � i¨N �G\ PSP \ N ^ e _
W NQP+N �G^ e q e �S��\1tvz P un� P �p_pz PSR`ele>û e q P u��_ N�û e t e ^ PÎN ^ NQP�N \ g s$u N ^ P � �yX tSu iÿPSR`e ^C\ P �`t e u�� P�R`e �Su g � P�N u�^ P�e q R ^ Nhç � e �`� e _
W P�R`e s`tvu
F e q �P�N u�^f� N ��^C\ P �`t e �ö_`u~^pu P _ e s e ^p_ßu�^ P�Rpe�N ^ NQPSN \ g q R u N q e u�� ?

�T W�\l�&\ q P�P�R \ P �Ç\��ö�v�`s`s$u�t PSe _r{z e wps e t Nhije ^ P \ g t e �S� g�P � � ��Rpe tSu�r`�p� P ^ e �S�j\�^`\ g z�� N � P�Rpe ^ N � e>û e q PSNQè�e�g z¢rC\�� e _¿u�^ P�Rpe� e ^`� N�P�N�è³N�P z P u PSR`eÌN ^ N�P�N \ g°è�e q P u�t�a
�T �&X u�t PSR`e � P �`_³z�W°u�^ e ��u�� g _L^ e�e _ P u q u�^`� N _ e t P �Xu_ N�û e t e ^ P � NQP �`\ P�N u�^`� � ��R`e¹| tv� P � N�P �C\ PSN u�^ N � P�Rpele>û e q P u��]tS\�^`_`u i s e t P �`tSrC\ P�N u�^`� N ^-a

�Tu�^ P�Rpe s`tSu
F e q PSN u�^l� N ��^C\ P �`t e � � X u�t P�R`e � N ��^`\ g ¸ � R ux�ö^ N ^ X N ���`t e . � ï W�� NQPSR a
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