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476h);=�,&$X4�. )�Y*.E� �5'&$e,&$	)+6h,*.P�/$g� x '	�
'/ �,&$(=P0G$(=G03=O=3%	�	¡ $()+032¢�a=
=G68'<0RI
"36/IJ68=[�$(=-IJ68%&"£�$>��./4�%*$;" 4�.��<%
./4�270[�$v,&$(= =32¢�8'
./%;¤u,��$()+6�,v�$(=�IM.D"-"�.DI*IJ6/"30 ./%;¤f=32¢�8'
./%;¤s6/"�2¢�82�'*./%	¤
,��c%*'*$	IM.D"30E$;0]./%;¤j=32¢�8'
./%;¤w,v�$()+6h,��$(=	I
.D"]%*'j)+6h,&$(%&"]=303./'*,*.D"�,j,��c./%*0G"3$eI
.D"30>�
���¦¥ §©¨ �«ª�¬ � � �®­[��� � ���\¯�°F� �®­[��� ��
�°	�U¯ �

± ./'*=	)+$;0]$l¤h$(B�I
47$g L'&68%*=FB�68'10G"�68'*=]47$(=F,*2K�n�$;"3$('10G$(=o�$;03.DIJ$(=F,
%S)+6h,*.P�/$R=3%*"F%*'{=�2¢�8'*./4@,*$-);4�.}�/$();25'
�$()�Y*./'<032�4�4�68'*'��$fN.®²g²	�´³fµ�~�¶wIL68%*"R%*'�"�.DI*IJ6/"30-,*$v)+68B�I*"�$(=3=32768'k,&$·³>¸;�º¹@$v=32¢�8'
./4�$(=G0�)+68'*=G032703%v�$j,&$¼»
'&6/0G$(=v=3%*);)+$(=3=32´�/$(=:)+68'*=G032�03%*./'10w%*'�./);)+6/"�,/ �$;0v=G68'}=GIJ$()+0G"36g�/"�./B�B�$z$(=G0:,&68'
'��$kN.u4�.½�{�8%&"3$o¾F�´³P��¹ .
�@�8%&"�$
¾F�À¿{B�68'<0G"3$:47$v=32¢�8'*./4Q$('*)+6h,v�$:IM%*2�=e,v�$()+6h,��$w./2�'
=32Ã�<%*$�4=�^$;"3"3$(%&"�,*$:)+6�,
.P�/$g�,¹@.®�/"�2�4�47$U�/$;"30325);./47$
2�'*,
27�<%*$d47$(=�IJ682�'103=�,��$;0G$()+0[�$(=O)+68B:B�$]IJ682�'<03=�,&$E"C%&I*03%&"3$(=QIM.D"�47$ � x ¹*ÁB &��%*2*,v�$;0G$()+0G$('<0PI*";�$();2�=F�$(B�$('<0P47$(=
6h););%&"3$('*)+$(=F,&$(=O0G"3682�=]'&6/0G$(=>�D¹��^$;"3"3$(%&"E,*$-)+6�,
.P�/$-B�68'<0G"3$´��%&$-4�.�476h);./4�2�=�.D032768'`I*";�$();2�=G$R,&$�4�.�I*"�$(B�2aN$;"3$
'&6/0G$EIJ$;"�B�$;0�,&$O"F�$(,*%*27"�$E4=�^$l�L$;0�,&$OI*";�$lÂa�$()�Y&6	 &./%�=3$('*=�6WN%:4Z�^$;"3"3$(%&"�'��^$(=30�I
./=�";�$;IJ$;"�);%&0F�$;$	.}�D./'10d4=�c.D"3"�2¢�Ã�$;$
,&$ 4�.�'&6/0G$�)+68B�B�$�)+$(4�.:=3$;"�./270F4�$-);./=X=32@4�.v=G$>�8B�$('<03.D032768'Ä�$;03./270	B:./4 ./,*.DI
0[�$;$®Åa.DI*IM.D"�27032768'{,*$R4�.v'&6/0G$
./%{B�254�27$(%`,��c%*'&$j�#$('T�$;0G"3$R,a�c./'*./4¢Æh=G$YÇ`�

¹ .G�{�8%&"3$½¾F�À»�B�68'10G"�$t4�$H,v�$;03./2�4e,*$t4Z�c./4�476h);.D032768'�)+68'
=G032703%v�$;$u,&$(=j)+68'<0G"�2¢�
%*032768'*=È�$('*$;"��,�$;0327�<%*$u$;0
I
=¦Æh)�Y*68./)+68%*=G0327��%&$EIJ68%&"�4�.X0G"C./'*)�Y&$j»F 12�'*,
27�<%v�$;$u�@�8%*"3$n¾F�À¿F�[¹ .�)+68%&"��J$E,*%�Y
./%&0�"3$;I*";�$(=G$('<0G$F4�$E"�.DI*IJ6/"30
=32¢�8'
./4�N.�B:./=h�<%*$e6g�*0G$('<%{IL68%*"P45.R0G"C./'*)�Y&$e$;0F4�.É�/"�2�4�47$��/$;"3032�);./4�$�B�.D"���%&$e47$(=O4�2�B�2�0G$(=d)+6/"�"3$(=GIJ68'*,*./'<0G$(=
N.�4�.�B�$(2�4�47$(%&"�$��
./=3$g� � Y*.J��%&$XI
.J��%&$;0E$(=G0E$('
=3%*270G$¥��%*./'<032¢�v�$�%*'*2¢�#6/"�BÊ�$(B�$('<0>�
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���A�#/ 4 /y5��10D� ���3�)	���2�	�� # # � ��� �[�32�
�� ! ��
�������5� r

−1

−0.5

0

0.5

1
Signal synthétisé

0 0.05 0.09 0.2 0.31 0.74
0

0.005

0.01

0.015
Erreur de codage (valeur absolue)

Tranche 3 

a) 

b) 

� $(B�I
=EÅa=G$()EÇ ¸;�54
���A�#/ 4 /¢H �8�7680/�52�
�� ! �-5���1���-5� �3�F��
��8������� ���4�)�92�# ��
����;������
:����#X� ��	�� !�! �$��*/�)��
.���P��� 	 ! � � �;:�0=<>2�	�� !�! �

? ��	[������� ! �@6 r *(6 � 	�	)���'	%��� �1���'��2�� r

¹@$É�M)�Y*27$;"X6/"�2´�82�'*./4�,&$ )+$�=�2¢�8'*./4,�#./270BADCDCDEP¸j6h)+0G$;03=> W4=� �$()+"�2�03%&"3$�,&$�4�.v0G"�./B�$U�
2�'*./2�"3$-$('	�/$('
,&"3$�%*'
�
)CY*27$;"�,&$j03./2�4547$=4FAP¸	³{6h)+0G$;03=>��¹@$j"�.DI*IJ6/"30�,&${)+68B�I*"�$(=3=32768'�$(=G0v,&68'*)j,&$=E�G9CtIJ68%&"�%
'�"�.DI*IJ6/"30�,&$
³>¸`=3%&"e47$(=X)+6�$IH:);27$('<03=>� � $(4�.`B�68'<0G"3$w�<%&$�4=�c2�'@�A6/"�B:.D032768'{I
.D"C./4�4aN$(47$ IL$(%*0��$;0G"3$�)+6h,��$;$�,&$�B�./'*2 N$;"3$�IJ$(%
)+6 �%&0G$(%*=3$g 
B¼�$(B�$R4�6/"�=h��%��^$(4�47$X$(=G0]=30G6�)9µÃ�$;$�,&$�B�./'*2 N$;"3$R=32�B�I
452�=G0G$F)+68B:B�$-)��^$(=G0	47$�);./=]2�);21�
���KJ � ���J����L}¯ � �&¬v�	��� � ¯ � ��ª ¬U¯O�/¯ 
 �L�F� ����� � �;MON�«ª ¯ � ��� � ���\¯�°]�
P '&$R25'10G$;"��a./)+$R.È�$;0[�$�,v�$>�/$(4�6/I*Iv�$;$�IL68%*"f�$>��./4�%*$;"��a./);2�47$(B�$('<0F4�$ �8./2�'S,*$R)+6h,*.P�/$ .DI
IL6/"�0[�$RI
.D"F'*6/0G"3$

=3)CY��$(B�.-,&$]"3$;I*";�$(=G$('<03.D032768':,
./'*=�%*'�)+6h,&$(%&"E�I¹W$ �
%*0�,&$E)+$;0G0G$F2�'<0G$;"��a./)+$E$(=G0d,&$OI*"36/IJ68=G$;"�%*'*$E.D"�)�Y*2�0G$()hÂ
03%&"3$-68%	�/$;"30G$-IJ$;"�B�$;0G03./'10],*$-)+68B�I
.D"3$;"	,*2K�n�$;"3$('103=]0 Æ�IJ$(=],&$-)+6h,&$(%&"C=>�*��68%&"F)+$(4�.:4=�c2�'<0G$;"��#./)+$-I*"F�$(=G$('<0G$
47$(=e�
476h);=-,&$:45.{)�Y*.E� �5'&$v,&$v)+6�,*.P�/$w$;0R4Z�c%&032�4�2�=�.D0G$(%&"eIJ$(%&0-)�Y*682�=327"�IJ68%&"R)�Y*./);%*'k,&$(=e�
476h);=-,*2K�n�$;"3$('<0G$(=
=G0G"�.D0F�$>�827$(=}�«¹W${);./,&"�$`=�2703%��$�N.t,&"368270G$j,&$j4�.i�#$('T�$;0G"3$jIJ$;"�B�$;0SN.s4=�c%&032�452�=3.D0G$(%&" ,&$`"F�$>�847$;":,*2K�n�$;"3$('<03=�I
.aÂ
"�./BjN$;0G"3$(= ,*%s)+6h,&$(%&"}��Q 4QIJ$(%&0XI
.D"�$l¤h$(B�I
47$�)CY&682�=32�"�47$\�#./)+0G$(%*"R,&$�)+68B�I
"3$(=3=32768'_�84�6g�
./4  W4�.`03./2�4547$�,&$(=
�#$('T�$;0G"3$(=�,*./'*= 47$`);./=�,��c%*'&$w=G$>�8B�$('<03.D032768' �	¤h$g �47$wI
./= ,*%k,��$;0G$()+0G$(%&":%&032�452�=[�$:68%k$('*)+6/"3$`4=�^68'*,*$(47$;0G0G$
BjN$;"3$�IJ68%&"E45.
Á ± �SRÉ�
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���A�#/ 4 /����h���
	���
/�����������P� t 6 ���(�8�����������32������V�����������
 �������������������!���#"$� %�o��
 �������!���!�!�
&����'�(�)�[������*������
��+���+�,�C�-�!�-�.
 �'�����/�0� <$�����'�(�
1+�3�,2/34 6 rI� 6657�!�-�8&��(���!���9�X�-:D�(�d���/
 �;���O�'�'����&<	 ���/&=�/���(���-� 
8���!�����
%�.� ��� 2>%����� ��
 �.�;�3����� �8&<	 �/�/&=�/
�� ��� ��
 �)� rgs 6 � ����?9&3�!�����'��*8�)�������/
��3�'��* � �/��*8�.�-���[�(�)�����(�(
@*8�A�!�
�,���!�-�!��
��(�B���/�0� r

P '&$�);.DI*03%&"3$�,a� �$()+"C./'u,&$�4=�c2�'<0G$;"��a./)+$�$(=G0eB�68'10G";�$;$tN.j4�.f�@�8%&"3$d¾F��²	��RX'_Æ·�/68270�,&68'*)�4�.w)�Y*.E� �5'&$�,&$
)+6h,*.P�/$g W6WN%s,*2K�n�$;"3$('<03=e)�Y&682K¤t=G68'<0�./);)+$(=3=32¢�
4�$(=XIL68%*"	)CY*.J�<%*$\�
476h)R=G68%
=j�A6/"�B�$�,*$�B�$('<%*=e,v�$;"�68%*4�./'<03=> 
03./'*,*25=¤�<%*$-47$(= �D./47$(%&"C=E=G68'<0�N.�"3$('<0G"3$;"X,*./'*=E,*$(= ¶;68'&$(=	,&$�0G$l¤h0G$(=®�$(,
2703.P�
47$(=>�#Q�4V$(=30]IJ68=3=32¢�M47$e,&$-)+6h,&$;"
,&$(=e�
)�Y*2�$;"�=-=G68'
=R,&$:0 Æ�IL$(=DC E$F�qHGJI�68%KC E#qHL7I9��%*2�=G68'10 47$(= �#6/"�B�.D03= =G03./'*,
.D"�,*=�IJ68%&"R47$(=�I
45.D0G$lÂ1�A6/"�B�$(=
M 2�'*,&6/N]=]$;0 P '*2K¤T�D¹@$(=��#6/"�B�$(=X,��^68'
,&$(=F,
%o�
)CY*27$;"	68%	�/$;"30X$;0X,*%z=�2¢�8'*./4�)+6�,v�$lÂ[,v�$()+6h,��$v=G68'<0X.FH:)�Yv�$;$(=
,&$XB�./'*2 N$;"3$X=3%&IJ$;"3IJ68=F�$;$	.P�
'v,*$]IJ68%	�/6827"d6g�
=G$;"��/$;"���%&$(47��%&$(=�,
2K�n�$;"3$('
)+$(=�0G$(4547$(=��<%&$	47$(=�$l�L$;03=O,&$��
476h);=
68%{4�.�,
2�=G0G6/"3032768' �
¹W$(=],*2K�n�$;"�$('103=F)�Y&682K¤`IJ68=3=32¢�M47$(=P=G68'10F./)+03%&$(4�47$(B�$('<0

O IJ68%&"E45. $

(.��,
+	����1�!" ��	 KQPQ2K¤h$e68%S./,
.DI*0[�$;$fÅ3N.�4=�c./25,&$e,*% � x ¹*Á@Ç` 
O IJ68%&"	4�. ���!�#	�$(9 ���!� �
�
 K	� "�./'*=¦�#6/"�BÊ�$;$ $(' � 68=�2�'<%
= ± 2�=3)+"3$;0\Å ± � ��Ç` 	� "�./'*=��A6/"�BÊ�$;${N.v"3$()+68%	��"3$lÂ
B�$('10 RX"303Y&6g�/68'*./4«Å �·¹ ��Çd68% ± �$()+68B�IJ68=327032�68'{$('S�Q.J��%&$;03=],a�5RX'*,&$(47$;0G0G$(=�Å1Á ± �SR Ç` 

O IJ68%&"E4Z� � � � �����1�7"���	 K �x '*$;"��,�$;0327�<%*$g 
��=¦Æh)�Y*68./)+68%*=G0327��%&$�68%S�z2K¤h0G$�Å#IJ68%&"E4�.
Á ± � R Ç` 
O IJ68%&"E45. \��;�#	��!"SR ���1�!" ��	 KDÁ�$(%*47$�4�.w��%*./'<032¢�
);.D032768'j%
'*2¢�#6/"�B�$e.G�$;0[�$ 2�B�I
4`�$(B�$('<0[�$;$� 
O IJ68%&"�47$ ����%'��.�
)
+	����7���'"#\���
 K � $u�
4�6�)P'��c.	I
./=É�$;0F�$F25B�I
4h�$(B�$('<0[�$g�I¹@.j�D./4�2�,*.D032768'�,*%�)CY&682K¤ ,
./'*=
4Z�c2�'10G$;"9�#./)+$�$('<0G"�.E� ��'&$�4=� �$()+"�2703%&"�$ ,&$�4�.v0G"�./B�$U�
25'*./27"3$�IJ68%&"X47$�)+6�,*$(%&"XI
.D"eÁ ± �SRÉ� � $(4�.vIJ$;"�B�$;0
,*$�)+68'*'*.E� �70G"3$R4�.�03./2�4�47$e,*%¼�M)�Y*27$;"F)+68B�I*"3$(=3=F�$-$;0],&68'*)e47$e"C.DI*IJ6/"30E,&$�)+68B�I*"�$(=3=32768'/�

¹¡�c.D"C)�Y*270G$()+03%*"3$:,&$�4=�c2�'<0G$;"��a./)+$�$(=G0�)+68'�T);%*$�IJ68%&"XIL68%@�/6827"�.Y¡ 68%*0G$;" �#./);2547$(B�$('<0�,&$�'&68%	�/$(4�4�$(=j�A68'*)+032�68'*=
,*./'*=])�Y*./);%*'S,&$(=��
476h);=>�
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���5��/ 4 /]w ��� ���'���("S��&��d����
����!�,&=�/�X�����<�(���0�/�#*8�)�7*/����%�.�(�.���'� �1�D���)�7*8�+&=�8*8�.
 �<� �!�X� �=%���,����� %�.� r



�����;� ���� � � ���1�7"���	�$ $�� U��

��D�7" � 
�$ �(���

�	��
���
 ���2��������g-������«0 �2�� . + .��«-/.10I2��
¹@$(=�,*2K�n�$;"�$('103=�.D"3"C./'	�/$(B�$('<03=�,&$(=�)�Y&682¢¤ ,&$(=*�
476h);=�IJ$;"�B�$;0G0G$('<0Q,
./'*=Q%*' I*"3$(B�27$;"�0G$(B�I
=�,*$d)+68'*=303.aÂ

0G$;"v4�$(=�.D"30G$>�a./)+03=v0G$(45=�4=�^$l�J$;0:,&$®�
4�6�);=�IJ68%&"�4Z�c%&032�4�2�=�.D032768'�,&${4�. ± � � 68%l$('*)+6/"3$z4�$jI*"F�$lÂa�$()�Y&6�IJ68%&"
4=�c%&03254�2�=3.D032768'w,&$-45.�� ± � ���

¹@$�"F�$>�84�.P�/$�,*%R�a./)+0G$(%&"F,&$R)+68B�I*"3$(=3=�2768'`IJ$;"�B�$;0],&$v¡3%	�/$;"��<%*./452703.D032¢�/$(B�$('<0],&$�4�.:,��$>�/"�./,*.D032768'z$('
�#68'*)+032768's,*%t0 Æ<IJ$�,��c./4�4�6�);.D032768' � �	2�'*=�2  MIJ68%&"�%
'&$�./4�476h);.D032768' �$('&$;"��,�$;0327��%&$v4�.`,v�$>�
'
27032768's,*%s=32´�8'*./4Q=G$
,v�$>�/"�./,&$v¡3%*=h��%��AN.�)+$¥��%��c2�4L,&$>��2�$('*'&$X2�'*2�'<0G$(4�4�2¢�82´�
47$O03./'*,*25=���%&$XIJ68%&"P%*'&$e./4�476h);.D032768'wI
=¦Æh)�Y&68./)+68%
=G0327��%&$
)��^$(=G0	47$��*"�%*2�0d,&$�)+6h,*.P�/$¹�<%*2V./%@�8B�$('10G$�¡G%*=��<%��AN.�)+$±�<%&$�4�$�=32¢�8'*./4V=G682�0]'&6EÆÃ�$R,*./'
=O)+$ �*"�%*2�0>�

! %
./4�2703.D032¢�/$(B�$('<0> Q4=�c.D"3"�./'	�/$(B�$('10�,&$(=��
476h);=-IJ68%&" )+68'*=G032703%&$;"�'&6/0G"3$`)+6h,&$(%&"�,&68'*'&$:45.zB�$(254�47$(%&"3$
=G684�%*032768'/�
P '&$j�A6825=O47$(=P,*2K�n�$;"�$('103=PI
.D"C./B`N$;0G"3$(=E";�$>�84h�$(=> M'&68%*=P.}�/68'*=]I
%w$('*)+6h,&$;"E%*'&$X=[�$;"�27$e,&$j�
)CY*27$;"�=P=G68'&6/"�$(=

$('É��%*$d,&$PB�$;0G0G"3$d$(' I
4�./)+$P47$(=�0G$(=G03=Q=3%	�;¡G$()+032¢�a=>� ± ./'*=�45.]=3%*2�0G$g �47$(= 0G$(=G03=�=G68'<0Q$l�L$()+03%v�$(=�IL68%*" �$>�D./4�%&$;"�4�.
��%*./4�270F�$e,&$X4�.dÁ ± �SR )+68%&I
4h�$;$:N.�4�. I*"36h){�$(,*%&"3$X,��c./4�476h);.D032768'`B�2K¤h0G$g «�$('&$;"��,�$;0327��%&$�$;0PI
=¦Æh)�Y&68./)+68%
=G0327��%&$g�
����" N§$# ¯ �&% ¯v��
&')(	� � %+*-,�.�� � 
 #�. �
P�/10 ��2/=43 0 �52/B�B 0761078&9 � / 2�:;¤;2�: 6<9�=58	=5/ 3��0 3F�0 3 0>8 3[�0>8   6<0 B?2 /<9 N0A@B0 N2j�Ã�0A@C9 � 0A@ED 2 / 2�3B: @&0 r7q�F�GIH-J�qDpLKMH
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