
�����������
	��������������	����������������! ��"�#�$�&%����'	����)(+*-, . �����/	�����01�2�34�5%6��	��7 ��
�#�8�9��:�#�9��5���;34�$�� < ��=	��#�>���2���

?'@BACACD�E8FHG+I"GJI�KMLONP@BACQR@CS�TUGJI+V+WHXYOZ G+W"[\L\]_^a`cbed:fhg+i"W1jlk
K�m kon ^aphSq`r^ascS1@C`cD$t�u vxwPyzSq`|{�^as|@C}M~�D:t\D=A�u �8w\@CQqD�`|Ec@Cs\�D=t\~�]�^�@Bw�D

[ n ^aphSq`�^�scS1@B`|D$t"u �8b�Sq~\E|sc@C}R~\D2t\D=Axu �$w\@CQ1D�`cE|@Bs\�D=t\~�]�^�@Cw\DqL\�=]�������$N��1�\����L
�8w\@CQqD�`|Ec@Cs\�D=t\~�]�^�@Bw�DqL\�q�1�q�q� n D2]�^�w\E$���D�t\D<�!��L\�\`r^aw\b<D

�+�o�R�R�������\�1 \�1 ¢¡�£O�a�1¤+�a�#�x¥\�1 R¦M§\���q�1§¨¡©¥\ª1§h«l�x¬\ª1R®M§R¯\°R�h��1±:�zR +�²¤\³q�R��±�ª� h�l�x´R§

µ©¶·\¸�¹�º ¶·�»¨¼½�¾R¿#ÀÂÁ8Ã�½²ÄaÅcÁ8ÄaÆ�ÇÈÅc½�ÉÂÇxÁrÊ=Á|¾qÇ
Ä1Ár¿
¿ÈÉÂË<¾M½<ÆMÌ�½<ÆMÄ�ÉÂÍ�ÎCÅcÁr¿xÇx½<ÆqÅc½²ÇÈÉÂÍ�¾hÏ\Ã�ÍaÄ1½�Ë²Á�Ð|ÏRÉÑÀÒÁr¿xÇ�ÉÑ¾qÇ1ÓÁ|ÅcÁr¿x¿x½<¾qÇ:ÄqÁ:ÇÈÅc½�Ô�½<ÉÑÀÑÀÂÁ|Å�¿ÈÆ1Å
ÄqÁr¿
¿xÍ�ÆR¿ÈÕ×ÖM½<¾MÄ1Á�¿8ØCÅRÓÁrÙ²ÆMÁ|¾qÇÈÉÂÁ|ÀÑÀÂÁr¿2ÄaÆ�¿ÈÉÂË<¾M½<À×Ú"¼
½<¾M¿8ÄqÁr¿:ÇÈÅc½�Ô�½<ÆMÌ�ÛqÅRÓÁrÃ\ÓÁrÄqÁ|¾qÇx¿$Í<¾qÇ�ÓÁrÇ1ÓÁ8ÛqÅcÍ<Û\Í�¿1ÓÁrÁr¿$Ä1Á�¿8ÁrÌaÇxÁc¾R¿ÈÉÂÍ�¾R¿=ÄqÁr¿:ÖR½�¿xÁr¿:ÄqÜ²½²ÄaÉÂÙ²ÆMÁr¿
ÆMÇÈÉÑÀÑÉÂ¿1ÓÁrÁr¿$½�Ô²ÁrÃ:À×Ý ½<ÀÂË²Í�ÅxÉÂÇÈÞRÊ�Á=Ä1Á:ÃxÞMÍ<ÉÂÌ�ÄqÁÀÂ½)Ê�Á|ÉÑÀÑÀÂÁ|ÆqÅcÁ'ÖM½²¿xÁ�Ú\ß�ÁrÇ#½<ÅcÇÈÉÂÃ|ÀÂÁ:ÛqÅRÓÁr¿xÁ|¾qÇxÁ:Æ1¾MÁ8Ê�ÓÁrÇÈÞRÍaÄqÁ$¿ÈÉÂÊ8Û1ÀÂÁ$Û\Í<ÆqÅ:ÃrÍ�¾R¿xÇÈÅxÆqÉÑÅcÁ:ÀÂÁàÖM½<¾MÃ
ÄqÁ8áqÀÂÇÈÅcÁr¿$ÃrÍ<ÅxÅcÁr¿ÈÛPÍ<¾MÄ1½�¾qÇeâ½HÃrÁr¿ã¾MÍ<ÆMÔ²ÁcÀÑÀÂÁr¿8ÖM½²¿xÁr¿rÚÒß�Ár¿ãáqÀÂÇÈÅcÁr¿:ÅRÓÁr½<ÀÑÉÂ¿qÓÁr¿Hâ½=ÛR½�ÅcÇÈÉÑÅ=ÄqÁr¿áqÀÂÇÈÅcÁr¿$äå�æ6Û\Á|ÅcÊ�ÁrÇxÇxÁ|¾qÇ:ÄqÁ8Ë+ÓÁ|¾#ÓÁcÅcÁ|Å:ÀÂÁ8ÛOâÁ|ÅcÁ
ÄqÁ$Ä1Á|ÆMÌ2¿xÍ<ÆM¿ÈÕ×ÖR½�¾RÄqÁr¿:½²Ä�çx½�ÃrÁ|¾qÇxÁr¿
Ê=½<ÉÂ¿#Û1ÅcÍ�Ô²Ác¾R½�¾qÇÄqÁÛOâÁ|ÅcÁ�¿ÄaÉÑèÓÁ|ÅcÁ|¾qÇx¿:Äq½<¾M¿�ÀÂ½)¿xÇÈÅxÆMÃrÇÈÆqÅcÁ8ÄqÜ²½�Ä�ÉÂÙ²ÆMÁ²Ú
éëêqì�í µ�î�ï�ð�ñ í2ò î ì
n uÑ^aACóqS1`c@Cscô\{�D:t\~�brô\S1@B��t\D)Aõ^e{�D�@CACABD<~\`cD=pO^�EcDeöOD�`|{�D�s

t\D¨`|D�ö\`\�D<EcD�wRscD<`¨~\w÷Ec@CóqwO^�A2Ec~�`ø~\w�D�pO^aE|D¨t"u Sqw�t\D�ACD�scs|D�E
t\D�{�^�w\@zùD�`cD2S1ö\sc@C{�^aACD�^�~øE|D�w\E2t"u ~\w�D2yzS1w\b�s|@BS1w�t\Deb�S"ú~�s�L
b�Sq{�{�D�öO^a`ãD��RD�{�ö\ACD#Axu D�wRsc`|Sqö\@CDt\D$NRôO^�w\w\S1w"û²vxA\D�Ecs^a@Cw\Ec@
öOS1EcEc@Cp\ACDet\Desc`cS1~\QqD<`�~�w\DHöh^a`cs|@Csc@CSqw�t\DeAxu ^��RD=yz`\�D<}M~�D�wRsc@CD�A
yzSq~\`|w\@CEcEr^awRs2~\w\D�^awh^aACüREcDeöOD�`|sc@Cw\D�wRs|D�t\~�E|@Bó1wO^aA#^�~øE|D�w\E
SÒù~�Axu Sqwebrô\D�`|b�ô�D�ù^=D�w�@BE|SqACD�`ACD�E
t�@Âý=�D�`|D�wRscD�E:b�S1{�öhSqEr^awRscD�E
yz`\�D�}R~\D<wMs|@CD�ACABD<E�û
þ ^�w\E2ACD�b�^aEet\D�E�öh^a}R~\D�s|EHt"u S1w\t\D�ACD�s|scD�E²L�Aõ^�{�D�@CABACD�~�`cD

pO^aE|D�D<Ecs�S1p\scD<wM~�DUù^_öO^�`csc@C`�t"u ~\w�D�t:�D�b<Sq{�öhSqE|@Csc@CSqwÿt\üM^��
t\@C}M~�D
t\~)Ec@CóqwO^�Axûo�D<öOD�w�tO^awRs�L�@BA1Ec~\p�Ec@CEcs|D:~\wHö�`cSqp�AzùD<{�D�EcD
sc`�^�t\~\@CE�^�wRs2öO^a`=Axu @CwMs|`cSRt\~\b<sc@CSqw�t�D�`c~\ö\s|~\`cD<E�^�`csc@��Ob<@BD<ABACD�E
ó#�D�w:�D<`\�D�D�E�öO^a`eA×^�Ecs|`c~\b<sc~\`|D�t�D�A×^�t:�D�b<Sq{�öhSqE|@Csc@CSqw��C���cû+vxA
D�EcsD�weDrýÒD<s
@C{�öhSqE|Ec@Cp\ACD#t\D`\�D<~\w\@C`#t\D�~��HöO^�}R~\D�scEãt\D:b�SRDry��
�Ob�@CD�wRscE#b<Sq`c`|D�EcöhSqw�tO^awRs:ù^:t\D<E#pO^aw�t\D�E�t\D�yz`\�D�}R~\D�w\b<D�E
b<Sqw	�
sc@Có�
~\D<E#{�^�@BE�w\D:ö\`|SaQqD�wO^�wRslöh^aE#t\~�{øúD�{�D�ö+ùD<`cDqû n ^��Oó1~\`cD
�${�SqwRsc`|D:}M~�D�ACABD<E
E|SqwRs
b<D�E:`c~\ö�sc~\`|D�E�û��w�E|~\@CQq^awRs#ACD�Ew\S��
s�^as|@CSqw\E�t\D:A×^��hóq~\`|D2�qLaACDscD�E|s#D�wRsc`|Sqö\@C}R~\D:w\D:öhD�`c{�D�s�öO^aE
t\DH`\�D�~\w\@C`8ABD<E$w��=~\t\E��z�������D�s��È���r����ûh�D�scs|D2`c~�ö\sc~\`|D�^�`��
sc@��Ob�@CD�ACACDHD<Ecs=A×^�ö\`|D�{�@ÈùD�`|DHt\~�D�ù^�A×^�E|sc`c~�b�sc~\`|D�t\üR^at\@C}R~\Dqû
�ACABDe`cD<EcscD�ö�`\�D�E|D�wRscD�tO^�w\E=Aõ^�Ec~\@Cs|DHt\DeA×^et:�D�b�S1{�öhSqE|@Bs|@CSqw
D�s
E|D$`\�D�ö+ùD�s|D�ù^'b�ôh^a}R~\D$w�@BQ1D�^a~�LOù^=~�w\D��D�brô\D�ACACD$@CwRyq�D<`c@CD�~\`|Dqû

�
� �
� �
�  !�"

# $&%
!'"
# ()%

!'"
# *&%

!'"
#
"
%
!�"
# +,%

!'"
# -.%

!'"
# /&%

!'"
# 0&%

12 34

12 34 12 34 12 34 12 34 12 34 12 34 12 34 12 34
12 34 12 34 12 34 12 34

12 34 12 34

!
$5# $&%!

(&# $&% !
*5# *.%

!
*5#
"
%

!
*,# $&%

!
*5# ()%

!
(&# ()%

6�7,8�9;:,9=<�>,9@?

:,A.B�:,C D&E,9F9�G�>&G,:,9�H 9�I�I�9�J
KLE5M,I�E,8�9�JNB�8�IOC P�<�C 9�H H 9�J:,E,9�JFQB;HRB=:�S9�<�>&T=MU>&J�C I�C >.G

VFW VXWVFW
Y[Z

\

]F^`_ba �dc�egfih,jkjUlnmjUo�f�p�j�l�q&jrp�j5hts,u5vxw@u	s)j5hyl�zdl{h,u5v�v�s,f�|�mj.j5h
v~}dsr��j5h�}�� �dz�s5f�w���|�j5h�pdj�s�j&q.��jUs�q.��j�p�j{|�jUf�����j�u	s)jr�&}�h,j
 w=y�^a@CEr^awRs+Axu ^�wO^aACS1óq@CD+t\D#A×^sc`r^aw\E yzSq`|{©�D�D�D�weSqw�t\D�ACD�scs|D�E

t\@CEcb�`�ùD�scDø^²Q1D�b�~�w\D�t:�D<b�Sq{�öOS1Ec@Csc@CSqw6D�wÿEcSq~�E��xpO^aw\t�D�E�öO^a`
t\D�E=�OACs|`cD�E��=]��La@CA\D<Ecs#D�wRQR@CE�^�óqD�^�p\ACD
t\Dsc`|Sq~\Q1D�`#A×^8EcS1~\E��
pO^aw\t�D¨�D�}R~\@CQq^�ABD<wMs|DH^a~_öÒùD�`cD�t�D2t\D�~\�_w��=~\t\E=ö\`cSaQ1D�wO^�wMs

w\S1`c{�^aACD�{�D<wMs:t�D�t\D�~��øö+ùD<`cD�Eet\@ ý��D<`cD�wRscEetO^�w\E2AxuÑ^awO^�ABüRE|D
D�w Sqw\t\D<ABD<scscD<E�û#vxAày�^a~�sHöhSq~\`�b<D�A×^6b�Sqw\E|@Ct �D�`cD<`�t�@Âý=�D�`|D�{{�
{�D�wRs�ACDøö�`cSqp�AzùD<{�D�D�s6^,�rSq~�scD�`�~\w�t\D�ó1`\�D�t\D�AC@CpOD<`cs\�D ù^
AxuÑ^awO^�ACüME|D�D�w¨E|Sq`|s�^awRset\D�A×^�E|sc`|~\b�sc~�`cD��=]���t\D<E��OACsc`cD<E
~\s|@CAB@CE\�D�E�Las|Sq~\s�D�w�b<Sqw\E|D�`cQq^�wMsãAõ^àö\`cS1ö\`c@²�D�s\�D:t\D:`cD<b�Sqw\E|sc`|~\b&�
s|@BS1w�öO^a` y�^a@CscD1û
n D)ö\`cS1p\AzùD�{�D=D�E|s�t�Sqw\be{�^�@BwRs|D�wO^awRsb�D�AC~\@�t\D2A×^eb�S1w\E��

s|`c~\b�s|@CSqw t"u ~\w pO^aw�b�t�D��hABs|`cD�w\S1w¨~\w\@ yzS1`c{�D�ù^6`cD�b�S1w\E��
s|`c~\b�s|@CSqw�öO^�`xy�^�@CscDqû
n ^àEcD�b<sc@CSqw��àö\`\�D�E|D�wRscD8~\w\D{�^aw�@zùD<`cD#E|@B{�ö\ACD�t\D
`\�D�^aAC@CEcD<`

ACD2pO^�w\b=t\Dr�OACs|`cD�E8öOD�`|{�D�s|s�^�wMs8t\D=`cD�s|`cS1~\QqD�`=ACD=ö+ùD�`|DHt\D<E
t\D<~\��pO^�w\t\D�E8b�D�wRsc`r^aACD�E�û n ^eEcD<b�sc@CSqw��eö\`|SqöhSqEcDe~\w\D){©�D&�
s|ô\SRt\DHöhD�`|{�D�s|s�^awRs:AxuÑ^awO^�ACüME|D=t\~�Ec@Có1wO^aA+D�w6sc`r^²Qq^a@CACA×^awRs$ù^
�D�brôO^�wRsc@CACABS1w\wO^�óqDb�`c@Csc@C}R~\Dqû n ^=E|D�b�sc@CS1w{��t�Sqw\w\D:~�w�D��RD�{{�
ö\ACD8t\D:pO^aw�b$ó#�D<w �D�`\�D=D�sACD�E#E|Sq~\E���pO^�w\t\D�E:D<w\óqD�w�t\`\�D�D<E�ûL w	�
�Ow�A×^�EcD<b�sc@CSqw ��ö\`cS1öOS1EcD�}R~\D<AB}R~\D<EHöhD�`cE|öOD<b�sc@CQqD<E�t\D�`cD&�
brô\D�`|brô\DHD<s:t"uÑ^aö\ö\AC@Cb�^�sc@CSqw\Et\D=A×^2{©�D�scô�SMt�Dqû

�[� î ì��"í µ�ð_ñ í2ò î ì ï�ð���� ì ñ ï���� ò,�í µ�� �
n D6pO^�w\bøt�D��OACs|`cD�E�öhD�`|{�D�s|s�^awRs�Axuc�D�AC@B{�@ÂwO^�sc@CSqw�t�D�Aõ^

`|~\ö\sc~�`cD�t\S1@CsHöO^�`cs|@Bs|@CSqw\w\D<`�Aõ^_pO^�w\t\D�yz`\�D<}M~�D�wRsc@CD�ACACD�E|~\@��
Qq^�wMs8ACD�E=@BwRs|D�`cQq^�ABACD�E��Ñ����� + �cLN���+ �

"
�+ �#D�s{�

"
�+ �.���b�`��b<Sq`c`|D�E��öhSqw\th^awRs�@Cb�@eù^6Aõ^_yÈ`\�D�}R~\D�w�b�Døt�D��$üR}R~\@CEcs&��û þ ^aw\E�b�D<scscD

öO^�`cs|@Bs|@CSqw�t\D�A�uÑ^��MDet\D�E�ö�~\ACE�^as|@CSqw\E²L+D�w¨w�Sq~\Ee`\�Dryq�D�`�^�wMs�ù^
A×^g�hóq~\`|D¢�1L#ACD�E�EcS1~\E��xpO^aw�t\D�E��Ñ��� � + �2D�sg�

"
�+ �&����t\S1@CQqD�wRsb�S1`c`|D�EcöhSqw\t�`cD6`cD�E|öOD�b<sc@CQqD�{�D�wRs�^�~\��b�SRD&��b�@CD�wRscE�`cD�A×^�sc@ yzE

^�~\��w\SRD�~\t\E��È���r���ãD�sr�z���r���ãs�^�w\t\@CE}M~�D$A×^2ph^aw\t\D�� �+ �
"
�+ �b�S1`c`|D�EcöhSqw\t�^a~�ö+ùD�`|D2t\D�E8w\SRD�~\t\E��z���²�U�ãD�s��È���r����û

n DepO^�w\b�t\D��OACsc`|D�E2t:�D<Ec@C`\�D�t\S1@Cs�óR^a`|t\D�`2ACD�E2ö�`cSqö�`c@��D�s\�D<E
t\D<E��OACsc`cD<Et��]_�
L+ù^)E�^²Q1Sq@C`#ACD�~\`|E:`\�D�öhSqw�EcD�Eàyz`\�D�}R~\D<wMs|@CD�ACABD<E
öhD�`c{�D�scsr^awRst"u Sqp\s|D�w\@C`
A×^=`|D�b�S1w\Ecs|`c~\b�s|@CSqw�öO^�`xy�^�@CscD:t\~�Ec@��
ó1wO^aAxû� �Sq~\`=óM^�`ct\D<`2b�D�E2ö�`cSqö�`c@��D�s\�D<E�L�Aõ^�{©�D�s|ô\SRt\De~\sc@CAC@CE\�D�D
b�S1w\Ec@CE|scD ù^6Ec~\`��M�D�brôO^�wRsc@CACABS1w\w\D�`�ACD�E�`\�D�öOS1w\EcD<E�t\D�E¡�OACsc`cD<E
�=]��û
�D<b�@=QM@CD�wRs�t\~ y�^a@Cse}M~�D�öOS1~\`�öO^�EcEcD<`Uù^_A×^6ö\`cS¢�
yzS1w\t\D�~�`
@CwRyq�D<`c@CD�~\`|DqLqACD:E|@Bó1wO^aA�D�Ecs:E|Sq~\E��M�D�brôO^�wRsc@CACABS1w\w:�Dqû n ^
t:�D<{�^a`|brô\D�~\sc@CAC@CE\�D�D�b�S1w\Ec@CEcs|D�t\Sqw\b�ù^6E|~\`��M�D�brôO^awRs|@BACACSqw�w\D�`
ACD�E��OACs|`cD�E8ö\AC~\soúS1s:}M~�D�t�D�E|Sq~\E��M�D<b�ôh^awRsc@CACACSqw\w\D<`:ABD=E|@Bó1wO^aAxû
n D<E#t\D�~\�£�OACsc`|D�ESqp\s|D�wR~\E#öO^�`#Ec~\`��M�D<b�ôh^awRsc@CACACSqw\wO^�óqDQ
�D&�

`|@'�hD�wRsH^a@CE\�D<{�D�wRs$ACD�E=ö\`|Sqö\`|@��D�s\�D�Eet\De`cD�b<Sqw\E|sc`c~�b�sc@CSqwÿöO^a`��
y�^�@CscD#b�S1{�ö\s|D�scD�wR~2}R~\D#ACD#`|D�ö\AC@CD�{�D<wMs+D<Ecs"~�sc@CAC@BE\�Dqû n D=�OACsc`|D



12 34�����

�� ��12 34
12 34 12 34

12 34

� � �
� ���

û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û
û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û
ûûûûûûûûûûûûûûûûû
ûûûûûûûûûûûûûûûûûû
ûûûû

ûûûûûûûûûûûûûûûûû
ûûûûûûûûûûûûûûûûûû
ûûûû

û

�
	
 
 � �

�
	
 


�
	

� �
û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û
û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û û
ûûûûûûûûûûûûûûûûû
ûûûûûûûûûûûûûûûûû
ûû

ûûûûûûûûûûûûûûûûû
ûûûûûûûûûûûûûûûûû
ûû

�����������������
��� � �

�������������! " ��$#� %���%&�����'�

�������������()��$#� *�'�%&�������
+-,.�,��'/-�)�0����'�

+1, ���� �

]F^`_ba ��c32Fz�l	h,w@s,u	qUw@f�zdl{p�u{�&}�l�q£p�j54=��w@s)j5h;v~}ds34=��w@s)}���jXv~}ds
��j5h76Fe98
öO^aE|EcD�ph^aE2t\D<QM@CD�wRs�^aö\`�ùD�E2E|~\`��M�D�brôO^awRs|@BACACSqw�wO^aó1D�~\wg�OACsc`|D
q.zdu5v~j[�.}dl�p�j²û:N\^�ph^aw\t\D6öO^�EcE�^�wRscD6D�Ecs��Ñ��:��+ �<; �

"
�+ :&��� ûn D=öO^aE|EcD2ôh^a~\st\D�QR@CD�wRs:AC~\@+~\w�öO^aE|EcD=pO^�w\t\D=b�Sq~�QM`r^awRs:A×^

pO^aw\t�D�� �+ :
"
�+ � ûn D�pO^aw�bHt\D��hABs|`cD�Ee^a@Cw\Ec@�S1p\scD�wR~¨^�p\@CD�w6Axu ^�ACAB~�`cD2E|Sq~	�

ôO^a@Cs\�D<D:{�^a@CE�@BA�`cD�E|scDHù^8E|b�@Cw\t\D�`ACD:öO^aE|EcD:pO^�E#Ec~\`��M�D<b�ôh^aw\s|@BA��
ABS1w\w:�D=D�w�t�D�~\���OACsc`|D�E��D�}R~\@CQq^�ABD<wMs|E$^a~\�¡�OACsc`|D�E$öO^�EcE|D2pO^aE
D�s:öO^aE|EcD8ôO^a~\s (+ t\D=pO^aw\t�Dqû

ù��b�D�s|scDk�Ow"LRt�D�~\��{©�D<scô\SRt\D�E
SqwRs��D�s\�D)D�wRQM@CEr^aó#�D<D�EUc

= n ^=ö\`cD<{�@zùD�`cD8{©�D�s|ô\SRt\D:b�S1w\Ec@CEcs|DHù^){�SRt\~\ACD�`�A×^=Q1D�`��E|@BS1w ^awO^�ACüMs|@C}M~�Døt\~ëöh^aEcE|D¨pO^�w\t\D�öO^�`?> � * û n D�E�OACs|`cD�E2S1p\scD<wM~�E2öO^a`=brôO^�b�~\w\D�t\Deb�D�E){�SRt\~\A×^as|@CSqw\E
b�S1{�ö\ACD��RD�EEcS1wRs
`\�D�D�ACE:D�s:b�S1`c`cD<EcöhSqw\t\D<wMs=^a~\��t�D�~\�
�OACs|`cD�E:E|Sq~\ôO^�@Cs\�D�E²û\�D�scs|D�{©�D�scô�SMt�DqLRp\@CD�w�}R~\D8b�Sqô:�D&�
`|D�wRscD�^²Q1D�b:A×^8yzS1`c{�D���]_��t\~��hABs|`cD8öO^aE|EcD$ôh^a~\s�w\D
yzS1~\`cw�@BsãöO^aEA×^=`cD�b<Sqw\E|sc`c~�b�sc@CSqw�öO^�`xy�^�@CscD:b�^�`
D�ACACD:w\D
s|@BD<wMs8b�Sq{�ö\scD8}R~\D2t"u ~\w�t\D�E8t\D�~\���OACs|`cD�Er��]_�
L�ACD
öO^�EcE|D2ôO^a~�s�û

= n ^=EcD�b<Sqw\t\D={©�D�scô\SRt\D:b<Sqw\E|@BE|scD8scSq~�s#Ec@C{�ö�ABD<{�D�wRs
ù^�OACs|`cD�`�ACD#öO^�EcEcD:ph^aE"E|~\`��R�D�brôO^�wMs|@CABACS1w\w:�DöO^a`�ABD<Elt�D�~\�
�OACs|`cD�E=��]_�
ûa�D�A×^`|D�QR@BD<wMsù^ãy�^a@C`|DlD<w�}R~\D<AB}R~\DãEcSq`|scD
~\w�D�Sqö:�D�`�^�sc@CSqw�t"u @CwRscD�`|öOS1A×^asc@CS1wøD�s)Aõ^!t\@CQM@CE|@BS1wøt�~
�OACs|`cD�^�@Cw\Ec@\S1p\scD<wM~�D:D�EcsóM^�`�^awRs|@BD2ù^8`|D�b�Sqw�Ecsc`|~\b�s|@BS1w
öO^�`xy�^�@CscD:t\D8öO^a`A×^=wO^as|~\`cD8t\D�E �OACsc`|D�Ey�=]��û\�D�s|scD
{©�D�scô\SRt\D1L\@CACAB~�Ecsc`\�D�D�ù^�Aõ^£�hóq~\`|DH�\Lh`cD<EcscDeb�S1ô �D�`cD<wMs|D
^²Q1D�b
A×^àt �D�b�S1{�öhSqEc@Cs|@BS1w2t\üR^at\@C}R~\D#t\~eEc@Có1wO^aA1b�^a`#ACD�E
E|D�~\ACEb�OACs|`cD�E:~\s|@CAB@CE\�D�E:EcS1wMs:ACD�E��OACsc`|D�Et�=]��û

�8Sq~\Eeb�S1w\EcD�`|QqS1w\E�tO^aw�E�Aõ^!Ec~\@CscD�ACD�pO^�w\b�ó#�D�w:�D<`\�D�öO^a`
Aõ^6t�D�~\�R@zùD�{�D�{©�D<scô\SRt\Dqû� �^a`�`r^aö\öhSq`|søù^6A×^6t:�D�b<Sq{�öhSqE|@��
sc@CSqw D�w öO^�}M~�D�scE�t"u S1w\t\D�ACD�s|scD�E²L
ACD�pO^aw\b�t\D �OACsc`cD<E�öOD�`��
{�D�s|s�^awRs=t\D�öO^�EcE|D�`2t\@C`cD<b�scD�{�D�wRs�ù^�A×^�ö\`|SayzS1w\t\D�~\`e��D<Ecs
Sqp\s|D�wR~�t�D�{�^aw\@ÈùD�`|D:sc`�ùD�E$E|@B{�@CAõ^�@C`cDqL²b�S1{�{�DACD${�SqwRsc`|D$A×^
�Oóq~\`|D
�\û þ ^aw\E�b�D#b�^�E"Axù^\LrACD#öO^�EcE|D#ôO^a~�s"Ec~�`��M�D�brôO^awRsc@CACACSqw\w:�D
D�Ecs�AC~\@��x{øúD�{�D¡�OACsc`\�DøöO^�`�ABD<E�t\D�~�� �=]��L:t\Sqw�wO^awRs�ACD�E
EcSq~�E��xpO^aw\t�D�E:b�Sq`|`cD�E|öOS1w\tO^�wMs=^a~\�ew��=~\t\E��È���²�U��D<s��È���r����û
n uc�D�óM^�AC@Bs\�DHt�D�EHE|Sq~\E���ph^aw\t\D<E2Sqp\s|D�wR~\D�EeöO^a`)ABD<E2t\D�~\�6{©�D �
scô\SRt\D�Eã{�SqwRs|`cD#Axuc�D�}R~\@CQq^aACD�w\b<DlD<wMs|`cD:ACDpO^aw\bt\D �OACsc`|D�E�ó#�D&�
w �D�`\�D:D<s#A×^:t:�D�b<Sq{�öhSqE|@Csc@CSqw=D�weSqw\t�D�ACD�scs|D�E�û n D �OACsc`|D
öO^�EcE|D&�
pO^aw\t�D2b�Sq`|`cD�E|öOS1w\t�^a@Cw\Ec@�p\@CD�wø^�~�ö+ùD�`cDet\D�E8w��=~\t\E{�z��LB���
D�s��È�\LÑ���ãt\D=A×^2s|`�^aw�ExyzS1`c{©�D<D�D<w�S1w\t\D�ACD�s|scD�E²û
@BA µ�î{� �DC�FEn�&ï�� �HG ¶�=ñJI�� ì�í2ò,��� î ì�ì �7K

L�� ñ'µ ò�í2ò�M ð��
�D<scscD:E|D�b�s|@BS1wHö�`\�D�E|D�wRscD$ACD�E�ö\`|Sqp\AÈùD�{�D�E"E|~\`cQ1D�wO^�wMs�ACSq`|E��

}M~�D�Axu Sqw6QqD�~\sesc`r^²Qq^a@CACACD�`�ù^ �D�brôO^awRs|@BACACSqw�wO^aó1DHb�`|@Csc@C}R~\D�D�s

NJOPRQ NSOPRQ NSOPRQ NJOPRQT%U T*UT*U T*U
VV VV

W W W W W W W W W W W W W W W W WW W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W WWWWWWWWWWWW
WWWWWW

VV

V

XXYX X
VYV VZV

V
NSOPRQ NJOPJQ

û

[�\ ])^ ]_^

[0\ ])^`[�\ ]_^
���

a_bdc_efhg�i�jlk

m n g�i�jlk

m o g�i�jlk

fpg'i0j!k a_bdc_e

b×[²m q0e�b×[²mÑK-e�bõ[om k0edb×[²m [�e
bõ[²mÑK1eDb×[²m [�eb×[²m q0erb×[²m k0e

T [T [
[�\�s n s n

s n s ns n s n
+1,t��� +1,

m o g�i�jlk

]F^`_ba ��cJub��w`j�l�w@f�z�l�pdu��&}�l�qgp�jv4=��w@s)j5hnmj1wUu	f�o�}��ijUl�wyx} ��}
v�s)z�z5z�l�pdjUu	sv{�pdj���}�pbmj.q&zd|bv�z�h,f�w@f�z�lgj�l�v~})wUu	j�w�h{p}| zdl�p�j�~
�ijUw@w`j5h��
ö\`|SqöhSqE|DH~\w�DHE|SqAC~\sc@CS1w�öhSq~�`$ACD2EcS1~\E��R�D�brôO^�wMs|@CABACS1w\wO^aó1D=t\D
A×^)EcSq~�E��xpO^aw\t�D�� �+ �

"
�+ � ûþ ^aw\E�ACD
t\S1{�^�@Bw�Dlt�D
A×^:b<Sq{�ö�`cD�E|Ec@CSqw"L²@CARD�Ecsã@B{�öOS1`csr^awRs

t\D_sc`�^²Qq^�@CABACD�`�ù^��D<b�ôh^awRsc@CACACSqw\wO^�óqD�b�`c@Csc@C}R~\D�öhSq~�`�w\D�öh^aE
@CwRsc`|SMt�~\@C`cD�t�D�`cD�t\S1w\tO^�w\b�D�Ec~\`eACD�Ec@Cóqwh^aA#ACSq`|EHt�D�A�uÑ^�wO^��
ACüREcDqûã�$@Cw\E|@:b�ôh^a}R~\D�E|Sq~\E���ph^aw\t\D_Qq^UúD�sc`|Dø^awh^aACüRE\�D�D�ù^_E�^
`\�D�EcS1AB~�sc@CSqw�{�@Bw�@B{�^�ACDqLRD�seABDeEcS1~\E��R�D�brôO^�wMs|@CABACS1wO^aó1DHE|D�y�^�@Bs
t\D�EcS1`cscD�}R~\D�ACD�EcöhD�b�sc`|D�t\D�EeEcS1~\E��xpO^�w\t\D�EeEcS1@Bs��D�A×^a`có1@$ù^
s|Sq~\s|D2A×^2pO^�w\t\D{�)�Ñ���.���`��û
@H�|é�������3�}�%�%�l� ��t�F���������H�F�F�'�����'���
þ ^aw\E8ACD2b�^aE=t\D<E2pO^aw�b�E=t\D��hABs|`cD�E=~\w�@ÂyÈSq`c{�D�E�L�bqu D�Ecs���ù^��

t\@C`|D
b�S1{�öhSqE\�D�E�t\DF�hABs|`cD�E�t\D{øúD<{�D"A×^�`cóqD<~\`�yz`\�D�}R~\D<wMs|@CD�ACABD1L
ACD$E|Sq~\E��M�D<b�ôh^awRsc@CACACSqw\wO^�óqD8w\D=öOS1EcD2^a~\b<~\w�ö\`|Sqp\AÈùD�{�Dqû	 �`cD&�
w\S1w\E2ACDeb�^aE2ó#�D�w:�D�`r^aA#t�u ~�wøpO^�w\b�t\D�]��@�OACsc`|D�E2öO^�`cs|@Bs|@CSqw	�
wO^�wRs�AxuÑ^a�RD)yz`\�D<}M~�D�wRsc@CD�A#D�w¨]�pO^�w\t\D�E���� �� �

!
��� ()% �� �cL3���

���0���0���1��� �1L\}R~\@�D�E|s2ACD2b�^aE=t\D<E�t:�D�b�Sq{�öOS1Ec@Csc@CS1w\E:t\üM^��
t\@C}R~\D�E{��� � �¢¡t��ûh�$ö�`�ùD�EeAxuc�D<s�^aöhD2t\D�E|Sq~\E��M�D<b�ôh^awRsc@CACACSqw	�
wO^�óqD8t"u ~\w�y�^�b�scD<~\`F� ACD�EEcöhD�b�sc`|D�E=t\D�E:t\@ ý��D�`cD<wMs|D�E$E|Sq~\E��
pO^�w\t\D�E=SRb�b�~�öOD�wRs=scS1~\s$AxuÑ^a�RD8yz`\�D�}R~\D�wRsc@CD�A�{�^�@CE
ACD�E=EcöhD�b&�
s|`cD�E8t\D�E$ph^aw\t\D<E$@C{�öO^�@C`cD�E#E|D2`cD<wMQ1D�`cE|D�wRs=D�s:@CAhy�^a~\s:t�Sqw\b
ACD�~\`$^�ö\ö\AC@C}R~\D�`:Axu Sqö:�D�`r^as|D�~\`$]�@C`c`|Sq@C`r�l�2�U�!£"û

�
	

�
	
�

	
�

	
�

	¤ ¤¦¥ ¥¨§ § © ©lª ª § §

�� ��« n�� ��« o �� ��« n
¬ � ¬ �  ¬� ¬ � ¬ �  ¬� 	

�

W W W W W W W W W W W W W W W W W W W WW W W W W W W W W W W W W W W WW W W W W W W W WWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
WWWWWWWWW WWWWWWWWWWWWWWWWWWWWWWWWW W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W WW W W WW W W W W W W W W W W W W W W W W W W W WWWWWWWWWWWWWWWWWWW

® ® W W W W W W W W W W W W W W W W W W W W WW W WW W WW W WW W WW W WW W WW W WW W W
® ® W W W W W W W W W W W W W W W W W W W W¯ ¯

W W W W WW W W W W W W W W W W W WW W W W W W W W W W W
W W W W W W W W WW W W W W W W W W W W W W W W WW W W W W W W W WWW WW WWW WWW WWW WWW WWW W
WW W W WW W WW W WW W WW W WW W WW W WW W WW°

° °±
û² ² ² ² ²�³

® ® W W W W W W W W W W W W W W W W W W W W WW W WW W WW W WW W WW W WW W WW W WW W W
® ® W W W W W W W W W W W W W W W W W W W W¯ ¯

W W W W W W W W W W W WW W W W W WW W W W W W W W W W W
W W W W W W W W WW WW W W W W W W W W W W W W W W W W W W W WW WW WWW WWW WWW WWW WWW WW WW
W WW W W WW W WW W WW W WW W WW W WW W WW W W

® ® W W W W W W W W W W W W W W W W W W W W¯ ¯ °°WWWWWWWWWWWWWWWWWWWW´´ ® ® W W W W W W W W W W W W W W W W W W W W¯ ¯
µ ¶ µ µ¶ ¶ ¶µ

µ ¶·¸i�¹�º�»½¼�¾�¿½i cHÀ
µ ¶

Á%Â�Ã�Ä ^ Â�Å�Â�Æ!ÇÈlÉ ÇÊ\ É1Ë*Ì Â ¬ �

Í È Æ Ì Â�^ Å}Ã È ^ Ë ÂË Â�Æ'ÎlÂ ËdÏlÐÂ�Â

� ÑÒ/'�� #Ó��0����'�0��������/��� #d�

]F^`_ba �Lc¨ÔLzdudh-~�mj&q&��}dl�w`f�����zdl�l�}U�dj£v~zdu	s�u	lg�.}dl�q�pdjH4=��w@s)j5h
u	l�f z5z�s,|�j{jUw v�z�u	s��i}�h zdudh-~)�&}dl�p�j�p�u�|�fi��fOjUu p�u��.}dl�q�pdj
4=�iw`s�j,h vxs�z&v�z�h mj0�
þ ^aw\E�ACD
b�^�E#t\~2ph^aw\bt\D��OACsc`|D�E�ö\`cS1öOS1E\�D:@Cb�@xL²A×^:`\�D<~\w\@CSqw



t\D�E:�=EcS1~\E��xpO^aw�t\D�Et"u ~\w�pO^aw�b:~\w\@ yzSq`|{�D#D<wMs|`�^�@Bw�D$}R~\D:b�D
t\D�`cw�@BD<`:w"u D�Ecs:ö\AC~\Eã~\w\@ yzSq`|{�Dqû n D�E:E|Sq~\E���pO^�w\t\D�Er�Ñ��� � + �cLaD�s�
"
�+ �&���ÒöhD�~\Q1D�wRsHúD�s|`cD=EcS1~\E��R�D�brôO^�w\sc@CACACSqw\w:�D<D�E:t"u ~\w�yx^ab�s|D�~\`��E�^�w\E2ö\`|Sqp\AÈùD�{�DqûN �^a`2b<SqwRsc`|DqL"ACD�E|Sq~\E��M�D�brôO^�wRsc@CACABS1w\wO^�óqD

t\D�A×^�EcS1~\E��xpO^aw�t\D�� �+ �
"
�+ �w"u D�EcseöO^aE)t\@C`cD�b�s|D�{�D<wMse`\�D²^aAC@��E�^ap�ABDb�^�`"~\w\DöO^�`csc@CD#t�~2EcöhD�b�s|`cD$E|D
`|D�ö\AC@CD#Ec~�`lD<ABACD&�x{øúD<{�Dqû

vxA:y�^�~\s�t\Sqw�bø^a~ ö\`\�D�^aA×^ap�ABD�{�SMt�~\ACD�`Hb<D�scs|DøE|Sq~\E���pO^�w\t\D
öO^a` � + öOS1~\`2A×^�`�^�{�D�w�D�`=tO^aw\EeAxu @BwRs|D�`cQq^�ABACD��Ñ��� � * �cL"^aö\`�ùD�E}M~�Sq@hD�ACABD8öOD<~\s'úD�sc`|D=EcSq~�E��M�D�brôO^awRsc@CACACSqw\w:�D�D$t"u ~\weyx^ab�s|D�~\`$�\û
n ^£�Oó1~\`cDr��@CACAB~�Ecsc`|D$ACD�E:ö\`|Sqp\AÈùD�{�D�E:t\D=Axuc�D�brôO^awRsc@CACACSqw\wh^aóqD
b�`c@Csc@C}R~\DeAC@��D<E�^a~�`|D�b�Sq~�QM`|D�{�D<wMs=D�s=^a~�`|D�wRQqD�`|EcD�{�D�wRs=t\D�E
EcSq~�E��xpO^aw\t�D�E�@C{�öO^�@B`|D�E�û n D�E2`\�D<Ec~\ACs�^�scEe`cD�A×^�sc@ yzEH^�~\�øS1ö:�D&�
`�^as|@CSqw\E=t\D�E|~\`=D�s2EcS1~\E��R�D�brôO^�wMs|@CABACS1w\wO^aó1D2EcS1wRs2ö\`\�D<EcD�wRs\�D<E
tO^aw\E��Ñ���"D�s��Ñ�5�cû
@H��� � �H�F� ����������� � � �����%��� ����� �<� �F� �3�}���
�����<�'�
�8w\D�{�SRt\~\A×^�sc@CSqw_yz`\�D<}M~�D�{�{�D�wRs2~\sc@CAC@CE\�D�D�öhSq~\`eACD�b�S��

tO^aó1D2D�Ecs=A×^e{�SRt\~�Aõ^�sc@CSqw�NP@Bw�óqACD&�cNR@Ct\D	�:^aw\t"L�}R~\@�yzSq~\`|w\@Cs
t\D�E�b�SRD&��b<@BD<wMs|E�`\�D�D�ACE�D<s�w�u @CwRsc`|SRt\~\@Cs�^a@Cw\E|@�öh^aE�t\D�`|D&�
t\Sqw\th^aw\b�D)öO^a`8öO^aE|E�^aó1D2^a~�t\S1{�^�@Bw�D:b�Sq{�ö\ACD��RDqû��ACACD�D<Ecs
ö\`\�D�E|D�wRs\�D�D�tO^aw�E �Ñ�5�#D�s=Qq^�öhD�`|{�D�s|sc`cD�th^aw\E8w\Sqs|`cDeb�^aE=t\D
EcSq~�E��M�D�brôO^awRsc@CACACSqw\w�D�`#A×^=pO^�w\t\D:t\~�b�D<wMs|`cD8t"u ~\wey�^ab<scD�~\`:�\û
n ^£�Oóq~�`cD2�e@CABAC~\E|sc`|D�ACD�E:brôO^²ú 
Cw\D�E$t�D�{�SRt\~\A×^as|@BS1w�D�s:t\D

t �D�{�SRt\~�Aõ^�sc@CSqw�û n ^8{�SMt�~\A×^asc@CS1w�öhSq`|scD:E|~\`#ACD
E|@CóqwO^�A	�OACsc`\�D
öO^a`#ACDöO^aE|EcD8pO^aw\t�D�� �+ �

"
�+ �hD�s#A×^8EcSq~�E��xpO^aw\t�D:t �D�{�SRt\~�A��D<DD�Ecs8EcüRwRscô:�D�s|@CE\�D�DeöO^a`:ACD={øúD<{�D �OACsc`cD)`cD�wRQqD<`cE\�D1û

��½Æ��
��½Æ��

� n

� n

� ��� ,���� ¬ ������ ��� ,���� ¬ �����

� � ��� ��� ¬ �����

�
! G %
�
! G %

� *
� *

� n � \ Ï � ¬ ��! �

� n Ï ^ Æ � ¬ � ! �

� n"� \ Ï � ¬ ��! �

� n Ï ^ Æ� ¬ � ! �� n Ï ^ Æ � ¬ �"! �
]F^`_ba ��cgegzUpdu��i}�w@f�z�lhÔLf�ld���ijJÔLfOp�j$#t}dl�p p�j���}��&}�l�pdj{p�u
|�fi�if�j�u�j�w=h,z�udh1~�mj&q.��}�l�w@fi���iz�l�}���j{q�s,f�w@fÊw�u	j

%'&:ò Eëð � � í2ò î ì��
%H�cé)( ���%�F�5�'���%�����'��� �F�*�F�5� � � �,+ �l�-���}�
n ^r�hóq~\`|D'�eö�`\�D�E|D�wRscDeABD8pO^aw�b�t�Dt�hABs|`cD�E8`\�D�^�AC@BE\�D�ù^2öO^�`��

sc@C`�t\D�E �OACsc`cD<E�t\D/.
^�@Bt�üM^awh^ascôh^aw � ���cû$�D�E �hABs|`cD�E_öOD�`��
{�D�s|scD�wRs2A×^�`cD�b<Sqw\E|sc`c~�b�sc@CSqwÿöO^a` y�^a@Cs|DHt\~�E|@CóqwO^�A�Lhbqu D�E|s���ù^��
t\@C`cD�}R~\D�ACD�`cD<b�Sq~\QR`|D�{�D�wRs�ó#�D�w:�D�`\�D!^�~\� �D�s�^�öOD�E�t�D�EcS1~\E
D�s=Ec~\`��M�D�brôO^�wRsc@CACABS1w\wO^�óqDr�:b�^a`8ACD�Ek�OACsc`cD<E$SqwRs8t\D�E=pO^aw�t\D�E
t\DHs|`�^�w\Ec@Csc@CS1w�w\Sqw_wM~�ABACD�E�� E²uÑ^aw\wR~\ACD�ù^�Aõ^�EcüRwRscô+ùD<EcDqû n D�E
�OACsc`cD<E�t�D0.
^�@Ct\üM^�wO^as|ôO^aw�ö\`\�D�EcD�wRs|D�wRs2Axu ^²Qq^�wRs�^aó1D=t"uÑ^²QqSq@C`
t\D�E$ph^aw\t\D<E$t\D2s|`�^�w\Ec@Csc@CS1w�`|D�A×^as|@BQ1D�{�D<wMs��D�s|`cSq@Cs|D�E�L�b�DH}R~\@
ö\`\�D�E|D�wRscD:~\w)@BwRs\�D�`�úD�s�öOS1~\`"A×^E\�D�öO^a`r^as|@BS1w8yz`\�D�}R~\D<wMs|@CD�ACABDãt\D�E
EcSq~�E��xpO^aw\t�D�E�û+vxACE=EcS1wRs$t\D)y�^a@Cs:E|Sq~\Q1D�wRs�~�sc@CAC@BE\�D�E$öhSq~�`�ACD�E
^aö\ö\AC@Cb�^�sc@CSqw\E:t�D�b<Sq{�ö�`cD�E|Ec@CSqw�t\D2A×^eöO^�`cS1ABD=öO^�`:öO^a}R~\D<scE
t"u Sqw\t\D<ABD<scscD<E�û
%H���21 ����3���'3J���%�!���'��� �	4��F� �%�65¦� �5�87� ��}�:9F�5�;�
���'���'���F� �<5 � �=���!���?>H�F�

0 pi/4 pi/2 3pi/4 pi
−100

−80

−60

−40

−20

0

20

Réponse fréquentielle des filtres QMF

QMF passe bas    
QMF passe haut   

0 pi/4 pi/2 3pi/4 pi

−100

−50

0

50

Réponse fréquentielle du banc de filtres QMF

passe bas 1/4 de bande    
passe bande               
passe haut 1/4 de bande   

]F^`_ba ��cA@k���iu	s)jrp�u��.}dl�q�pdj¦4=�iw`s�j,htq&zdl	h,w`s,u	f�wDx}kv�}�s,w@f�skp�j5h
4=�iw`s�j,hv6Fe 8 pdj/B�}�f�p�C�}�l�}dw���}�l
�b�hw�t\D${�D�scs|`cD:D�w©�D�QR@Bt�D�w\b�D8A�u @CwRs\�D�`�úD�st\D:A×^=t:�D�b�S1{�öhS��

E|@Bs|@CSqw"L+w�Sq~\E2{�SqwRsc`|Sqw\E=@Cb�@#~�w�D��RD�{�ö\ACDet\D�E|@CóqwO^�A#öOS1~\`
ACD�}R~\D�A+ACD:brô\S1@B�et\D8Aõ^'{�D�@CACACD�~\`cDpO^�EcDqL\^²Q1D�b$b�S1{�{�D�yzSqw�b&�
s|@BS1w�t\D:b�S"ú~\s#Axu D�wRsc`cS1ö\@CD:t:�D&�Ow�@BD:öh^a`
�S1@ÂyÈ{�^aw)D�sED©@Cb�FqD�`��
ôO^�~\EcD<`$tO^�w\E��Ñ�5� LR`|D�sc@CD�wRs8Aõ^)pO^�w\t\D=t\~�{�@CAC@CD�~"û
GIHKJLHNM �=OQPSRUT-VXW ·�¸ O ºø¹ VYT-ZOQ[-R
n DeEc@Có1wO^aA�t\DeEc@C{�~\A×^as|@CSqw�D<Ecs2b�S1{�öhSqE\�D2t\D�sc`|Sq@CE=Ec@CwR~\E

t\DeyÈ`\�D�}R~\D�w�b�D�E�`cD<EcöhD�b�sc@CQ1D�E � \ L + �] D�s ()$ �()* ^�~\}R~\D�ACE2w\S1~\E
^²Q1Sqw\E#^,�rS1~\s\�D:~�w�p\`c~\@Cs�b�S1ABS1`\�D:A×^a`|óqDpO^aw�t\D�� �+ �

"
�+ � ûd "S1~\`Q1Sq@C`
t�D�ö�AB~�E
A×^)b�Sqw\E|D�`cQq^�sc@CSqw�t\~�Ec~\ö�öOS1`cs$s|D�{�öhSq`|D�A�ù^eAõ^

E|üMwRs|ôÒùD�EcD1L�ABD<EH��Ec@CwR~\E2E|SqwRs2t\D�ACS1w\óqD�~�`cE2t\@ ý��D�`cD<wMs|D�E�û n D
ö\`|D�{�@CD�`�D�E|s$ù^8Ec~\ö�öOS1`cst�Ñ���r�"^`_��¢�cLrABD:E|D�b�S1w\t��a^0_¢�L�r�"^`_����
D�s)ABD�t�D�`cw\@CD�`�� ^`_�����^�� û n ^{�hóq~\`|D���{�SqwRsc`|DHACD�E|öOD�b<sc`cD
t\~�E|@CóqwO^�A#t\D�E|@C{�~\A×^asc@CS1w"L\E|Sqw¨^aACAC~\`|DHs|D�{�öhSq`|D�ACABD�E|D�`cD&�
s|`cSq~�Qq^awRs2ù^2A×^ �Oóq~�`cDH��û

0 pi/4 pi/2 3pi/4 pi
10

15

20

25

30

35

40

45

Spectre du signal de simulation

dB

Composantes sinusoidales 

Bruit colore 

]F^`_ba ��c�Ô�v�j&qUw@s)j�p�u�h,f'�dl�}��=p�j£h fO|�ud��}dw`fOz�l
GIHKJLHKJ µ ·-bc�·�d"bcl· W · VYT º�· OYVYV ·R¹Ud�·fe T ¸<·
n ^£�hóq~\`|D��e{�SqwRsc`|D�ACD�E8b�SRD&��b�@CD�wRscE=S1p\scD�wR~\E2^²Q1D�b2ACD�E

t\D<~\�ø{©�D�scô�SMt�D�E=ABS1`cE8t\D�Axu ^�wO^aACüREcD=b�`|@Csc@C}R~\Dqû<g8w6QqSq@Cs8@Bb<@
p\@CD�w�}R~\D=ABD<E
b�SRD&��b<@BD<wMs|E:`cD�A×^�sc@ yzE:^a~\�eEcS1~\E��xpO^aw�t\D�E��È�\LC�U�
D�s��È�\LÑ���eE|SqwRs �D�óM^�~\� öOS1~\`�ACD�E�t\D�~\�©{�D�scô�SMt�D�E�t"uÑ^�wO^��
ACüREcDqûEg8w t\@CEcöhSqE|D�{�^a@CwRscD<wO^awRs=t\D�sc`|Sq@CEHö+ùD�`cD�E�öOS1~\`�ACD�E
}R~O^�sc`cD<E�EcSq~�EHpO^�w\t\D�Eet\D�Aõ^!ö\`cS�yzSqw\t�D�~\`��\û n D�s|D�Ecs�D<w	�
s|`cSqö�@B}R~\D=t\S1@Cs#t\Sqw�b�brô\S1@CEc@C`
t�D�`|D�óq`|Sq~\öhD�`²L\Ec@+w:�D�b�D�E|E�^a@C`|DqL
A×^=E|Sq~\E���pO^�w\t\D=t"u D�wRsc`|Sqö\@CD:A×^=ö\AC~\Eãy�^�@Bp�ABD:öh^a`c{�@RABD<E
s|`cSq@CE²û
þ ^aw�E#scS1~\scD�E:ACD�Eã`\�D�^�AB@CEr^asc@CS1w\E#t\D8w\Sqs|`cD:Ec@Có1wO^aAht\D:Ec@C{�~\A×^��
s|@BS1w"LaAxu D�wRsc`|Sqö\@CDt\D:A×^$ph^aw\t\D:t�~�b�D�wRsc`|D�D<Ecs#A×^8ö\AC~\E�y�^�@Cp\ACD
D�s�ACD�scD�E|s�D�wRsc`cS1ö\@C}R~\D�`cD�ó1`cSq~�öOD�EcüRE|s\�D�{�^asc@C}R~\D�{�D�wRs2ACD�E
pO^�w\t\D�E{�È�\LC�U�D�s��z��L �d��L�b�D2}R~\@�w"u D�Ecs8öO^aE8scS1~U�rSq~�`cE$ACD=b�^�E



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

−2.5

−2

−1.5

−1

−0.5

0

0.5

 Coefficients de la transformée en ondelettes dyadique

pr
of

on
de

ur

Signal 

(1,0) (1,1) 

(2,0) (2,1) (2,2) (2,3) 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−2.5

−2

−1.5

−1

−0.5
 Coefficients obtenus avec le banc de filtres généré

pro
fon

de
ur

Bande du centre 

(2,0) (2,1) (2,2) (2,3) 

]F^`_ba ��c 2Fz�j���q�f�jUl�w�h�s=mj5h ud�iw`}dl�w p�j��i} pbmj&q.zd|bv�z�h,f�w@f�zdl
p"C�}�pdfÊw�u j�j�l v~})wUu	j�w�h�p}| z�l�pdj,�ijUw@w`j5h���jUl���}du w�� jUw�p�j���}
pbmj&q&z�|�v~z¢h fOw`f�zdl�}doUj&q£��j��&}dl�q{p�j 4=��w@s)j5hy��mj�l�mjUs=mj���j�l��&}�h��_�
t\D�E=t\D�~\��^�~\sc`|D�E=öÒùD�`cD<E��×Axu D�wRsc`|Sqö\@CD=t:�D�öhD�w\tO^�wRs�t�~�p\`c~�@Bs
b�SqACSq`\�DU��û n D<E
D�wRs|`cSqö�@BD<E
t\D<E#t\@ ý��D<`cD�wRscD<E:EcSq~�E��xpO^aw\t�D�E�L1b�^aA��
b�~\A��D�D�E:t"uÑ^�ö\`�ùD�EãA�u D�wRs|`cSqö�@BDt\D D©@Cb�F1D�`côh^a~\E|D�`
D<s
�Sq@ yz{�^aw"L
EcSqwRs�t\Sqw\w:�D�D�E#tO^�w\E"ACD�s�^�p\ACD�^a~��qû n D�E�Qq^aACD�~\`|E
ù^b�S1{�öO^�`cD�`
EcSqwRs:D�w�b�^at\`\�D�D�E²û

� f
	 a ��c B�}���j�u	s&h�pdj,h�j�l�w@s)z&v�f�j5h pdj,hrh,z�udh1~)�&}�l�pdj,h��
NRS1~\E��xpO^�w\t\D �wRsc`|Sqö\@CD NPSq{�{�D
E|@Bó1wO^aA �OûC���1�q�
�|�qLÑ��� �\ûÑ�q�����
�|�qLC�U� �qûÑ�q�1�q� � �OûC���1�q�
�:^aw\t�D2t\~�b�D�wRsc`|D �qûÑ�q�1�q�
�È�\LÑ��� �qûÑ�q�1�\�
�È�\LC�U� �qûÑ�q�¢�M� � �\û �M�¢�M�
�È�\LÑ��� ��ûÑ�q�q�1�q� � �qûÑ�q�����
�È�\LÑ��� �qûC���1�q� � �qûÑ�q�¢�M�

 �S1~\`#~\w\D8t:�D�b�S1{�öhSqE|@Bs|@CSqwet\üM^�t\@C}M~�D:D�w�öO^�}R~\D�scEt"u Sqw~�
t\D�ACD�scs|D�E=t\D=ö\`cS�yzSqw�t\D�~\` þ LR@CA+D�Ecs:w:�D�b�D�E|E�^a@C`|DHt\D)b�^aACb�~\ACD�`
� ¡¦� ( �ë�eEcSq~�E��xpO^aw\t�D�E2b�S1w\t\~\@CE�^�wRs�ù^�� ¡ ����scD�E|scEeD�w	�sc`cS1ö\@C}R~\D�E�û n ^�{©�D�scô�SMt�DHö\`|SqöhSqE\�D�D�^,�rS1~\scDH� ¡ �©�eEcS1~\E��
pO^aw\t�D�E�~\sc@CAC@CE\�D�D�E�öOS1~\`�`\�D�^aAC@CEcD<`�� ¡� ( � �_scD�E|scE�D�wRsc`|S��ö\@C}M~�D�E$E|~\ö\ö\A²�D�{�D�wRs�^a@C`|D�E�û n ^eb�Sq{�ö\ACD��R@Bs\�D:öO^aE|EcD2t�Sqw\b=t\D
� ¡¦� ( ù^����
� ¡ ûn ^��Oó1~\`cD���{�S1wMs|`cD�ACD�Eesc`|Sq@CE2EcS1~\E��xpO^�w\t\D�E�E|üMwRs|ô �D�sc@��
E\�D�D�E²û<g8w�`cD<sc`cS1~\QqDeACD�E:Ec~�ö\öOS1`cs|E�s|D�{�öhSq`|D�ACE:t\D�E=sc`|Sq@CE:Ec@��
wM~�E�L#brôO^�b�~\w©E|D�`cD�s|`cSq~�Qq^awRs�tO^�w\E�~\w\D�E|Sq~\E���pO^�w\t\D�t�@ÂyO�
y��D�`cD<wMs|Dqû n ^6ö\`cD�{�@zùD�`cD�D<s�A×^6sc`|Sq@CEc@ÈùD�{�D�E|Sq~\E���ph^aw\t\D<E�w\D
EcSqwRs:}R~O^�Ec@C{�D�wRs#öh^aEp\`c~\@Cs\�D�D�E�L�t"u S+ù~�A�u @CwRs\�D�`�úD�st"u ~\w\D$s|D�ACACD
t �D�b�S1{�öhSqEc@Cs|@BS1wHth^aw\Et\D�E
^�ö\ö\AC@Cb�^as|@CSqw\E#b<Sq{�{�D#A×^8`\�D�t\~�b&�

s|@BS1w�t\D�p\`|~\@Cs�û n D�Ec@Có1wO^aA�t\D�t �D�öO^�`cs2D�E|sH`|D�b�S1w\Ecs|`c~\@CseD�w
E|Sq{�{�^awRs�ACD�E:sc`|Sq@CE:EcS1~\E��xpO^aw�t\D�E$E|üRwMs|ô:�D�s|@BE\�D�D�E²û

0 20 40 60 80 100 120 140
−10

−5

0

5

10
sous bande (2,0) synthétisée

0 20 40 60 80 100 120 140
−10

−5

0

5

10
sous bande père de (2,1) et (2,2) synthétisée

0 20 40 60 80 100 120 140
−10

−5

0

5

10
sous bande (2,3) synthétisée

]F^`_ba ��c�ÔLzdu�h��.}dl�p�j5h�fih&h,u j5h�p�u��&}dl�q�pdj¦4X��w@s)j5h�p�j�h C�l%~
wi�Hxj5h,j0�

��� î ì ñ � ð �"ò î ì � í�� �8µ ��� �'ñ í2ò�� � �
n D�ph^aw\b�t\D��OACsc`|D�EHó#�D�w:�D�`\�D�öOD�`|{�D�s)~\w\D�w�Sq~\Q1D�ACABD�t:�D&�

b�S1{�öhSqE|@Bs|@CSqw2t\~�E|@CóqwO^�A\D�s#ö\`\�D�EcD<wMs|D=A�uÑ^²Qq^�wMsr^aó1Dlt�u ~�sc@CAC@BE|D�`
ACD�E#S1~\sc@CACE�t\D�Et:�D�b�S1{�öhSqE|@Bs|@CSqw\E�t\üM^�t\@C}M~�D�E�LaE|Sq~\EãAõ^àyzS1`c{�D
t\D<E��OACsc`cD<Et��]_�
LRs|Sq~\sD�w�Ec~�ö\ö\`c@C{�^awRs�Aõ^)ö\`|D�{�@ÈùD�`|D$`c~�ö	�
s|~\`cD2t�üM^at�@B}R~\D=t\~�D�ù^eb<D�E$t\D<`cw\@ÈùD�`|D�E�û n D=s|D�Ecs8D�wRsc`cS1ö\@C}R~\D
b�S1w\Ec@CE|scD�^aACS1`cEHù^�b�Sqw�EcD�`|QqD�`2E|@�pOD�E|Sq@Cw�D�E|s2A×^eEcS1~\E��xpO^aw�t\D
t"u D�wRs|`cSqö�@BD�A×^�ö�AB~�E=y�^a@Cp\ACD�D�wRs|`cD�A×^�ph^aw\t\D�t�~�b�D�wRsc`|D�D<s
ACD�E:E|Sq~\E���pO^�w\t\D�E=@CEcE|~\D�E8t\D=Aõ^)t:�D�b<Sq{�öhSqE|@Csc@CSqw�t\üR^at\@C}R~\Dqû
þ ^aw\E+ACD�E�^aö\ö�AB@Cb�^�sc@CSqw�EOs|D�ACABD<E+}M~�D#A×^`\�D�t\~�b�sc@CSqw)t\D�p\`c~\@Cs²L

@CAhD�Ecs@C{�öhSq`csr^awRs�t\D$t�@BE|öOS1EcD�`t"u ~\w\D8Ecs|`c~\b�s|~\`cD=t"uÑ^�wO^aACüREcD
öhSq~\Qq^�wRs#E�uÑ^ath^aö\s|D�`
^a~�E|@CóqwO^�A�û��$~\E|Ec@+A×^8{©�D�s|ô\SRt\D:ö\`cS1öOS¢�
E\�D�D�öOD<`c{�D<s$~\w\De{�D<@BACACD�~\`|D2^atO^�ö\s�^�sc@CSqw�}R~\D)ABD<E�öh^a}R~\D�s|E
t"u S1w\t\D�ACD�s|scD�E
^�~HE|D�w\E#S+ù~HD<ABACD:^,�rS1~\scD~\wescD�E|s#öO^a`�`r^aö\öhSq`|s
ù^�Aõ^et:�D�b�Sq{�öOS1Ec@Csc@CS1w�t\üR^at\@C}R~\Dqû��$Sq~�E$D�wRQR@CE�^aó1D�Sqw�E�t�Sqw\b
{�^a@CwRscD�wO^�wRs+t"uÑ^aö\ö\AC@C}R~\D�`+b�D<scscD:^awh^aACüREcD$ù^àAõ^`|D�Ecsr^a~\`r^as|@BS1w
t"u D�w�`cD�ó1@BE|sc`|D�{�D�wRs|E�^aw�b�@CD�w\E�û

����$0���:�#�=���:�8�

�B� �2v�û �8pOtO^�ACAõ^�ô"L N+û ]!SqwRsc`\�D�EcS1`4D�s ] û2�:^a~\t�`cüRL
2Fz�l	h,w@s,u	qUw@f�z�lgp�j{�&}dl�q�pdjH4=��w@s)j5h�l�zdl�u l�f z,z�s5|�j5hyx}
v~}ds,w`fOs�p�j5htv�}_w�u	jUwOh�p}| z�l�pdj,�ijUw@w`j5h�û������e�SqACACSR}R~\D2t\~
?2�t��$NPv�LO�²�q�q��û

� ���H�:Sqwh^aACt :û=�`cSRbrô\@CD�`cD D�s n ^��:`cD<w\b�D©�2û$�8^ap\@Cw\D<`�L
e�ud�iw`f�s�}�w@j! £f'�df�w`}¢�_ÔLf���l�}¢��"bs)z�q&j,h&h,f�l��1ûU �`|D�wRsc@Cb�D&�$#�^�ACA
NR@CóqwO^�AOö\`|SRb�D�EcE|@Cw\ó�E|D�`c@CD�E²Ll�²�q�1�\û

� ���H�2ûÑ�2û:�Sq@ yz{�^aw D�s�]�û .Hû;D @Bb�F1D�`côO^�~\EcD<`&%bl�w`s�z&v C�~
�.}¢h,j.p�}¢� �dz�s,f�wi��|£hRz,zds��&j5h,w{�.}¢h,fih�h,j,�ij&qUw@f�z�l�û
v) F
�l`r^aw\Er^ab�s|@CSqw�SqwÿvxwRyzS1`c{�^�sc@CSqw'�:ô\D�Sq`|üMLU.ãSqAxû"�q���z�d��L
ö\ö"û\�\�²���c�\�²�\LR]�^a`|E2���q�1�\û

� �¢�� �ûU �û.
^a@Ct\üR^awO^�scôO^�w"L,egud��w@f�s)}dw`j Ô C�h,w`j�|£hy}dl�pF8�fi��w@j�s
#t}dl�(�h�û��w\óqACD)�SRSRt��AC@ ýÒE²L� �`cD�wRs|@Bb<D*#=^aACAxLO�²�q�q��û

� ���H]�û .#D�scs|D�`cAC@=D�s,+1D�ACD�wO^.-=SaQq^0/b�D<QM@²�bqL21�}�o�j,�ijUwOh�}�l�p
ÔLu	�U�&}�l�p�q&z�p�f�ld�qû� �`cD�wRs|@Bb<D3#�^�ABAxLh���1�q�\û


