
HAL Id: hal-02138357
https://hal.science/hal-02138357

Submitted on 23 May 2019

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.

Analyse de la convergence en turbo-détection
Raphaël Le Bidan, Christophe Laot, Dominique Leroux, Alain Glavieux

To cite this version:
Raphaël Le Bidan, Christophe Laot, Dominique Leroux, Alain Glavieux. Analyse de la convergence
en turbo-détection. GRETSI 2001: 18eme colloque sur le traitement du signal et des images, Sep
2001, Toulouse, France. �hal-02138357�

https://hal.science/hal-02138357
https://hal.archives-ouvertes.fr


���������
	���
������ �����������������
������� ���
��� �"!#
%$������&��'����

(*),+.-/)1032547698�:<;>=>?�@/AB-.CEDGFEHJI�+.-.K�47=>L>M�@/N*IPOQDSR.DSTVUWKX476.Y>L>Z>[�@]\�2<),DSR_^&`�=,a>:<6.Z>[

b5cXd�egfhCEK3Hi)1jPR.KXk�N�lm+/),CEHJK3OQK3R�Hnd�DSj�R/),2>K3H�ABI�OoO�U.RWDGpq),HJDSI,R.F
e5K3pr-.RWIP+]sP2SKXt.KXfhCEK3FJHXuvCJI�DSFJKP@�f�w#xPy�z.@]zP{Pz�xP|XfBCJKmFJH&ABK3t.K3}>@]~.Cr),R.p3K

�/�����.�V�����v�.�P�>�q�.���������.�,�>�q�P�.���.�P���.�#�v�����Q���V�>���,�.�P���.���v�������.���,�]�,���m�������.�,���.���v�P�
�/�1�7�q���q���.�����.���.���V�.���,�]�,�>�3���.�����1�������v�P�#�¡ ����]�q�B�£¢�����¤>�¥�����.���,�]�,���m�������.�,���.���v�P�

¦�§.¨m©5ª�§&«�¬5­r®v®v­5¯�°P±P²´³¶µr·q®¸³¶¹3º�¯�»J¼r½v­JºP®v­�²<¾ ·m¯P¯�²´³¶µr·¿®¸³¶¹mºoÀ.¾ °PºV­BÁX¼r®¸ÂV¹,ÀP­�À.¾ ·mºV·m²¶Ã,½v­�·q½vÃ,Á�¯�®v¹¿®¸³¶Äq°�­�ÅB²<¾ ¼r®¸°VÀ�­#ÀP­Æ²¶·�µr¹3ºPÇq­E»JÈ¿­Eº�µi­B­Eº&®¸°P»v±.¹3É
ÀP¼r®v­rµr®¸³¶¹3º]Ê>Ë7¾ ·3º�·3²¶Ã,½v­�½r¾ ·m¯P¯�°P³¶­&½¸°�»�°Pº�­XÇq³¶½¸°V·m²´³¶½v·¿®¸³S¹3º�ÀP­X²<¾ ¼rÇ¿¹m²´°V®¸³¶¹mº�ÀP­Ì²<¾ ³´ºPÍ<¹m»JÁX·¿®¸³¶¹mº�­rÎ,®¸»v³´ºV½vÏrÄq°V­�¼rµvÂ�·3º�È¿¼r­&­EºP®¸»J­*²¶­&ÀP¼r®v­rµr®v­E°P»�­r®B²¶­
ÀP¼rµr¹,ÀP­E°�»3ÐP¯�·3»#²<¾ ³´ºP®v­E»JÁÑ¼rÀ1³¶·3³´»J­XÀP­r½#À1³¶·¿Èm»J·qÁÑÁX­r½BÒ7Ó�Ô<Õ�Ê,Ë]­r½7»J¼r½¸°�²¶®v·¿®v½#¹m±V®v­Eº,°�½hÁX¹mºP®¸»J­JºP®Ö°�ºV­B¯P»J¼rÀ1³¶µi®¸³¶¹mº�¯.­E»J®¸³´ºV­EºP®v­�À�­B²¶·�µr¹3ºPÇq­E»JÈ¿­Eº�µi­
¹m¯V®¸³¶ÁX·3²¶­XÀ1°�¯P»J¹,µr­r½v½¸°V½�³¶®v¼J»J·q®¸³´ÍvÊ

×�Ø#¨mÙ¿Ú,Û]Ü,Ù*«�Õ5Â�³¶½5¯V·m¯.­J»#·qÀ,»J­r½v½v­r½#®¸ÂV­�¯P»J¹m±P²¶­rÁ ¹mÍ/·q½vÃ,Á�¯�®v¹¿®¸³¶µ�µr¹mºPÇ¿­E»JÈq­EºVµr­�·3º�·3²¶Ã,½¸³¶½�³´º�³¶®v­J»J·q®¸³¶Çq­�­iÄq°�·3²´³¶Ýr·q®¸³¶¹3ºÞ·3º�À�À�­rµi¹,À1³´ºVÈX½vÃ,½v®v­rÁX½
ß<®¸°P»v±.¹mÉàÀP­r®v­rµr®¸³¶¹3º.áEÊ�âQ­5°V½v­BÒ7Ó�ÔãÕ_µvÂ�·3»J®v½Ö®v¹�Çq³¶½¸°V·m²´³¶Ýi­*®¸ÂV­#­rÇq¹3²´°�®¸³¶¹3º�¹mÍ/­rÎ,®¸»v³´ºV½¸³¶µB³´ºPÍ<¹m»JÁX·¿®¸³¶¹mº�­rÎ,µvÂ�·3º�È¿­rÀä±�­r®¸å5­i­Eº&®¸ÂV­�½vÃ,Á�±.¹3².À�­i®v­rµr®v¹m»
·mºVÀ�®¸ÂV­�¹m°V®v­E»hÀ�­rµi¹,À�­E»3ÊÆæ¥³¶Á�°P²¶·q®¸³¶¹mºç»J­r½¸°�²¶®v½#±�»v³´ºVÈäºV­rå�³´º�½¸³¶È3ÂP®v½B³´ºP®v¹&®¸Â�­�¹3¯�®¸³¶ÁX·3²7µr¹mºPÇ¿­E»JÈq­Jº�µr­�±.­EÂV·3Çq³¶¹m°P»�¹mÍ7®¸ÂV­B³¶®v­E»J·q®¸³¶Ç¿­è¯P»J¹,µr­r½v½rÊ

é ê/ë�ì5í�î�ïÞðÞñ�ì�òqî&ë

ó7)�HECi),RWFJOoDSFEFJDSIPR�t.Kät.IPR.RWl3K3FÑ)1UÞFJK3DSRÞt7ô U.RÞOoDS2SDSK3U�FEl32SK3p3HED¶õ
K3R%õ¸CJl3T�U.K3RWp3K�K3R.j�K3R.t.CEK�t.K"2�ô uvR�HJKmCvõàl3CEK3R.p3K�b5R�HJCEK�d�ö�O�÷]IP2SK3F
ø uJb�d.ù�FEU.C�2SKXOoK3FEFi)1jPK�HECi)1R.FJOQDGFqú�û�RÞt.DSFJ+]IPFEDSHJDüõ#t7ô l3jV)12GDSFr),HJDSI�R
),tWl3T�U/),H�t.I�DSHo),2SIPCEF�ý3HECJK�OoDSF&K3R%I�K3U.þ�CEK_K3R
CEl3p3K3+.HEDSIPRÿ)��/R
t.K*p3IPOQ+/K3RWFJK3CB2<)�tWl3jPCr),t/)1HJDSIPR�DSR�HJCEIVtWU.DSHJK�+/)1C#2vô uJb�d>úPb5R�+.CElrk
FJKmR.p3K�tWKhp3I�t/)1jPK#pq),R/)12��è2vô lmOoDSFJFEDGI�R7@rIPRät.DSFJ+]IPFJK�tÖô UWR&jV)1DGRXt.K
p3I�CJCJKmp3HJDSIPR"FJU.+.+W2GlmOoK3R�Hi)1DSCJKXT�U.D>+/KmU.H�ý3HECJK&OQDSF��ä+.CJI��/H�+]IPU.C
),OQl32SDSIPCJKmC�2GKäHJCi)1DSHJK3OQK3R�H�t.K�2vô uJb�d>ú/NX),RWF�p3K�p3IPR�HEK3}�HJKP@>2SK&CElrk
p3K3+WHJK3U.C*IP+.HEDSOç),2 ø )1U�FJK3R.F�tWU��_),}�DSO�U.O t.K	�#Ci)1DGFEK3O�÷.2<),RWp3K¿ù
CJlq),2SDSFJK 2<)9t.l3HEK3p3HEDGI�R t.K9FJö�O�÷]IP2SK�KmH�2SK�t.l3pmIVt]),jPK9t.K OÞ)qk
R.D�
3CEKÑpmIPR
�rI�DSRVHEKP@�+/),CB2SK�÷.D<),DSF#tWK�2vô´),2SjPI�CJDSHJ-.O�K�t.K���DSHJK3CE÷.D>+/)1C
K3}�K3OQ+.2SKPú¿óÖ)�p3I�Oo+.2SK3}�DSHJlÖt.U&HJCEK3DS2S2GDSF5),FJFEI�p3DSl ø�� � FEU.+/KmCvkvHJCJKmDG2S2SDSF
� �<ù
t.K3OQK3U.CEK�R.l¿),RWOoIPDSR.FÖ+.CJI�-.DS÷.DSHJDSþPK�K3R�+.Ci)1HJDST�U.KP@,tÖô )1U.Hi)1R�H�+W2GUWF
T�U7ô K32S2SKÌ)1U.jPOQK3R�HJKXK3}�+]IPR.K3R�HEDGKm2G2SK3OQK3R�H�)qþPK3pä2 )�Hr),DS2S2SK�t.K&2vô K3R�k
HJCEK32<),p3KmU.C_jPlmR.l3Ci)12SK3OoK3R�HQDGRWFJl3CEl�K3R�HECJK�2GK"p3I�t.K3U.C_KmHo2SK�OQI,k
t.U.2<)1HJK3U.Cqú/AB2<),FEFJDST�U.K3OQK3R�H¿@�2vô l3jV)12GDSFr),HJDSI�R�K3H*2SKÑtWl3p3I�t/),j�K&FJI�R�H
t.I�R.p_CJlq),2SDSFJl3FQt.K_Oç)1R.D�
3CJKQt.DSF��rI�DSRVHEKP@#pmK_T�U.D�Fqô )1p3p3I�Oo+/)1jPR.K
t7ô U.R.KX+]K3CJHEK�tÖô DSR�õ¸IPCJOÞ),HEDGI,RÖú
uvR�HJCJI�t.UWDGHEK#K3R��q{P{�|������J@32<)�HJU.CE÷/I1k�t.lmHJK3p3HEDSIPR�CJl¿)12GDSFEK#U.RXp3IPO¡k
+.CEIPOoDSFXDSR�HJl3CEK3FJFr),R�H�K3R�HJCEKop3K3F�tWK3U.} ),2SHEK3CJR/)1HJDSþPKmF&K3R +WCJIP+]I,k
Fi)1R�H&U.R.K�FEHJCJUWp3HJU.CEKoDSHJlmCi),HEDSþPK�t.K�t.l3HEK3p3HJDSI�R�K3H&t.l3pmIVt]),jPK�tWD¶k
CJKmp3HJK3OQK3R�HÞDGRWFJ+.DSCJlmK�t.KmF_HJU.CE÷/I1k�pmIVtWK3F¿ú�bÆR
t.l3+.DSHÞt.U
pq),Ci)1prk
H�
mCJK�FJIPUWFvkvIP+.HEDGOÞ),2>t.Käp3K3HJHEK )1+.+.CEIVpr-.K�@/tÖô Km}VpmK32S2GKmRVHEK3FX+/KmCvõàI�Cvk
Oç)1R.p3K3F�I�R�H�l3HEl&t.l3OQIPR�HJCEl3K3F�+]),C�FEDSO�U.2<),HJDSI�R7ú,\ 2vô DGRWFJHi)1C�t.K3F
HJUWCJ÷]I,kvp3I�t.K3F¿@�2<)_p3I�Oo+.CEl3-.K3RWFJDSIPR�t.KÞp3KmF�÷/I�R.F�CEl3FJUW2GHr),HEF�t.Krk
OoKmU.CJKBp3K3+]K3R.t/)1R�HhU.R�+.CEIP÷.2�
3OQKhK3RWp3IPCEK�R.I�R�CEl3FJI�2GU��*p3K��rI�U.C¿ú
ó#ô K3R��rK3UÞK3FJH*t.IPUW÷.2SK��

�¿ù�+/I�U.þPI�DSCh+.CEl3t.DSCJKX2SK�pmIPOo+]IPCEHJK3OQK3R�H#t.UQ+.CJI�p3K3FEFJU.FXDSHJlmCi)qk
HJDüõ ø p3IPR.tWDGHEDSIPR.F#KmHh2SDSOoDSHJKmF7t.K*2 )*p3I�R�þPK3CEjPK3R.pmK¿ù3@WK3Ro+/)1CJHEDGpmU.2SDGKmC
�Q÷/),FäCi),+W+/I�CJHXFJDSjPR]),2#FEU.CX÷.CJU.DSH&2SI�CJFJT�U.K�2SK3F�)1R/),2Sö�FJK3FXHECi),tWD¶k
HJDSI�R.R.K32S2SK3F ø ÷]IPCER.K3Frù�R.K&Fqô´),+.+.2SDST�U.K3R�HB+.2SU.F¿ú
zPùèK3R�HEDSCJK3CXt.K3FX2SK �3I�R.FX+/I�U.C�I�+.HJDSOQDGFEK3C�2<)�p3I�R.p3K3+WHJDSIPR�t.K3F
FJö�FEH�
3OQK3F�DSHJlmCi),HEDüõàF¿ú
ABK3HJHEK�+.UW÷.2SDGpq),HJDSI�R�+.CEIP+]IPFEK�2vô´),+.+.2SDSp¿)1HJDSIPR&tÖô UWR.K�HJK3pr-.RWDGT�U.K
t7ô´),R]),2Sö�FJK�)1FJö�Oo+.HEIPHEDGT�U.K�@.2SK3FXt.D<),j�Ci),OQO�K3F�b"!*uve&@#�Q2vô l3HJUWt.K

tWK_2<)�p3I�RVþ�K3CJj�K3R.p3K�KmR
HJU.CE÷/I1k�tWl3HJK3pmHJDSIPR7ú*ABK3HJHEK�OQl3HJ-.I�t.K�)
CEl3p3K3OQOoK3R�HÖl3HJl*U.HJDS2SDSFJl3K�+]IPU.C�p3IPOQ+/),CEK3C52GKmF#+/KmCvõàI�CJOç)1R.p3K3F5t.K
tWD%$>l3CEK3R�HJF�HEU.CJ÷]I,kvl3j�),2SDSFJK3U.CEF��¶{��Jú

& ')(+*�,,ë+- ï+- ì5í"*&ë+.�/ ò�.�.7òqî&ë
ó>K&OQI�t0
32SK�t.DSFEp3CJK3H*l3T�U.DSþP),2SK3R�H�t.K&2<)äpr-/)21SR.K&tWKÑpmIPOoO�UWR.Dük
pq),HJDSI�Rol3HEU.t.DSl3KXK3FJH*CJK3+WCJl3FEK3R�HJl3�/jPU.CEK��Pú04*RÞFJKX+.2<),p3KXt/)1R.F�2SK
pq),t.CEK�t7ô U.RWK&HJCr),R.FEOoDSFJFEDGI�RÞ+/),C*+/),T�U.K3HEF¿ú7ó K3FXt.IPRWR.l3K3FXjPlmR.lrk
CEl3K3F�+/)1C�UWR.KoFEIPU.CEp3K_÷.DSR/)1DGCEK�U.R.DüõàI�CJOoK�FJI�R�H�+.CEIPHEl3jPl3KmFo+/)1C
UWR�p3I�t/)1jPK�p3IPR�þ�IP2SU.HJDüõhtWK�CEK3R.t.K3OQK3R�H65	7¿ú7ó K�OQK3FJFr),j�K�p3I�t.l
pmIPCJCEK3FJ+]IPRWt/),R�H#K3FEHhKmRVHECJK32<)1p3l�+.U.DSF#HECi),RWFJOoDSFÖFJU.DSþP),R�H5U.R.K�OQI,k
tWU.2<),HJDSI�RÑtWKh+.-]),FJK��98èIPU;:*l3Hi)1HJFqúPó7)è2GI�DPt7ô K3R�HECJK32<),pmK3OoK3R�HÖK3FJH
j�l3R.l3CEl3K�),2Sl¿)1HJI�DGCEK3OoKmRVHqú¿óÖ)�CEl3+]IPR.FEK�DGOQ+.U.2SFJDSI�R.R.K32S2SK7t.U�p¿)1R/),2
tWDGFEp3CJKmHçlmTVUWDGþP)12SK3R�HoK3FEH_FJU.+W+/I�FJl3K<�/RWDGK�@�DSRVþP)1CJD<),R�HEKçt]),R.FÞ2SK
HEK3Oo+WF�K3H�+/)1Cvõ�)1DSHJK3OQK3R�H�p3IPR.R�U.K�t.UÞCJlmp3K3+.HEK3U.C¿ú5ó>KmFÑOQI�t.U.2SK3F
d�uJd04 ø�=?>�@ ACB�DFE�GIHJAK=?>�@ ACB L�HMANGIHJA ù�t.Kot.lmHJK3p3HEDSIPR%K3H�t.l3pmIVt]),jPK
FEIPR�H�CJlq),2SDSFJl3F9��+/)1CJHEDGC�tWKÑ2vô´),2Sj�IPCJDSHE-.O�K�fnAPO�(Bk��Þ\ÑwQ�¶zR�Jú

Π

Entrelaceur

Entrelaceur

Π

-

Source
Binaire

Modulateur Canal

BABG

SISO

-1
ΠSISO

Détecteur Décodeur

-

+

+

(IES)

Désentrelaceur
Décision

Codeur

S#:UT�VW�X�0�ÞI�t0
m2GKXt.KX2<)�pr-/)21SR.KXt.KXHECi),RWFJOoDSFEFJDSIPR
w5),C�2<)�FEU.DSHJKP@WR.IPU.F*R.IPHEK3CJI�R.F;Y_2vô DSR�õàI�CJOç)qHEDSIPR�K3}�HJCJDSR.F�
3T�U.K
lmpi-]),R.j�l3KXK3R�HJCJKX2SK3F�OQIVtWU.2SK3Fhd�uJd04gKmH�CJK32<),HEDSþPKZ�äU.RQ÷.DSHhp3I�t.l
[]\<^�_a`�b úXY�t.lmFJDSjPR.K�DSp3DWU.R.K�DSR�õàI�CJOç)1HJDSIPRX+]IPR.tWl3CJl3K�@�t.K�t.K3R�kFEDSHJlXt.KX+.CJI�÷/),÷WDG2SDSHJl*p3IPRWt.DSHJDSIPR.RWK32S2GK�c�dUYfe [hg ú



� � í�òqëÞñhò��<- ï+-�����*&ë+*��
	�.�-

ó7)9HJUWCJ÷]I,kvt.l3HJKmp3HJDSIPR +.CJlmFJK3R�HJK9t.K�R.I�O�÷.CJK3UWFJK3F�)1R/),2SI�jPDSK3F
)qþPKmp�2<)�pmIPR.p¿)1HJl3R]),HJDSI�R�FEl3CJDSK�t.K�p3I�t.K3FXp3I�RVþ�IP2SU.HED¶õ¸F¿ú>ó>K3FXOQlrk
HJ-WIVtWK3F�t7ô´),R/)12SöVFEK�t.l3þ�K32SIP+.+]l3K3F�t/)1R.F_2SK pq),t.CEK t.K3F�HJUWCJ÷]I,k
p3I�t.K3F*FJI�RVH�tWIPR.p&tWDGCEK3p3HEK3OoK3R�H�HECi),RWFJ+]IPFi)1÷.2SK3FZ�äR.I�HJCJKäl3HJU.tWKPú
(�DSpr-/),CEt.FJI�R
K3H_û*CJ÷/)1R��PK�IPR�HÞCJlmp3K3OoOQK3R�HoDSR�HJCEIVtWU.DSHoU.R.K
OolmHJ-.I�t.K�t.DSHEK�t.K�+.CJI�+/),j�),HEDGI�R�tWK3F#t.DSFJHECJDS÷.U.HEDSIPR.F ø IPU�
�� E�����A����� >���HMA��C>XE ùm@�+]K3CJOQK3HJHr),R�HÞt7ô IP÷.HEK3R.DSCÞt.K�Oç)1R.D�
3CJK�)1R/),2Sö�HJDST�U.K
2SK3F_+]K3Cvõ¸IPCJOÞ),R.pmK3FÞt.UÿtWl3p3I�t/),j�K�DSHJl3Cr),HJDüõ�tWK3F_p3I�t.K3F�ó7NXw#A
2SIPCEFJT�U.Ko2<)QHi)1DS2G2SK�t.U pmIVtWKoHJKmR.t þ�K3CJF�2vô DSRM�]R.DP� yR�Jú5ABK3HJHEKoOQlrk
HJ-WIVtWK�)&KmR.FJU.DSHEK&l3HJläjPl3R.lmCi),2SDSFJlmK�),UÞt.l3pmIVt]),jPKXDSHJlmCi),HEDüõÆtÖô UWR.K
p3I�R.p¿),HEl3R/)1HJDSIPR�T�U.K32Sp3IPRWTVUWK�t.K�p3I�t.K3FäDGFEIPHECJIP+]K3FXK3R�+.CJlmFJK3R.pmK
t7ô K3R�HJCEK32<),p3KmOoK3R�H������Jú.b52S2GK*CJK3+]IPFEK&FJUWC�2�ô K3FEHJDSOç)1HJDSIPRät.KX2 )ät.DSFvk
HJCEDS÷.U.HJDSI�RÑtWU&OoK3FEFi)1jPK5K3R&FEIPCJHEDSKht.K�pi-]),T�U.K#t.lmp3I�t.K3U.C5K3RXõ¸IPR.prk
HJDSI�Rot.K3F�tWDGFEHJCEDG÷WU.HJDSIPRWF�+.CJl3FEK3R�HJK3F��&FEIPRÞK3R�HJCEl3K6�äpr-/),T�U.KXDSHJlrk
Ci)1HJDSIPRÖúPABK3HJHEKÑ)1R/),2Sö�FJK�K3FEHhCEDSjPIPUWCJK3U.FEK�t/)1R.F#2SK�FJKmR.FhI���Km2G2SK�R.K
õ�)1DGH&)1U.p3U.R.K�-�ö�+]IPHJ- 
3FJK�FEU.C&2vô´),2S2SU.CJK&tWK3F&t.K3RWFJDSHJl3Fät.K�+.CJI�÷/)qk
÷.DS2SDSHJl�tWK3F�OQK3FJFr),jPKmF�l3pr-/),R.j�l3F¿ú
N�ô UWR.KoOÞ),R.D�
3CEK�jPl3R.lmCi),2SKP@52SK3F�FJDSO�U.2<)1HJDSIPR.F*OoI�RVHECJK3R�H&T�U.K
2SIPCEFJT�U.K#2vô K3R�HJCEK32<),p3K3OQK3R�H>K3FJH5FEU��oFi)1RVHq@32<)Bt.DSFJHECJDS÷.U.HEDSIPRXt.K#2vô DSR�k
õàI�CJOç)1HJDSIPR*K3}�HJCEDGRWF�
3T�U.K�+]K3U.H5ý3HECJK�),+W+.CJI,}�DSOol3K#)qþ�K3p#+.CEl3p3DSFJDSIPR
+/)1ChU.RWK�2SIPD]c�I�CJOç)12SKn)1+.C�
3FBT�U.K32ST�U.K3FBDSHJl3Cr),HJDSI�R.F¿ú�ABK32S2SKrk�pmD>K3FJH
),2SI�CJF5+/),C£õ�),DSHEK3OoK3R�H5p¿)1Ci),pmHJl3CEDGFEl3K�+]),C#2<)*t.IPRWR.l3K�t.K3F�t.K3U.}�+/)qk
Ci)1O�
3HECJK3F �"!$# e %'&NY)(Fe]K3H+*-,! #/.�021�&NY�(JúÖû�R.KQFJDSOo+W2GD �/pq),HJDSI�R
FJUW+.+.2Sl3OoKmRVHr),DSCJKäK3FJHXDSR�HJCJI�t.UWDGHEK&K3R�p3IPRWFJDSt.l3Cr),R�H�2<)�+WCJIP+WCJDSl3HJl
),FEö�Oo+.HEIPHJDST�U.K&tWK43 > E����5� A � E 36��+.CEl3FJKmRVHEl3KÞK3R � y��Jú�ABKmHJHJK�+WCJI,k
+.CEDGlmHJl&FEHJDS+.U.2SKXK3FJFEK3R�HJDSK32S2SK3OoKmRVH�T�U.Kä2GI�CJFETVUWKÑ2<)äHi)1DG2S2SK�tWKÑ2vô K3R�k
HJCEK32<),p3KmU.ChHEK3R.t�þ�K3CJFB2vô DSRM�]R.Dv@32<)*t.DSFJHJCEDS÷.U.HJDSI�R�t.K�2vô DSR�õàI�CJOç)qHEDSIPR
K3}�HJCEDSR.F�
3T�U.K�IP÷]l3DSH9�ä2 )äCJKm2 )1HJDSIPRÞFEU.DSþP),R�HJK��

c d Y"e [?g # c d879Y"e [hg�9�:�; d Y g ø �qù
ó#ô´)1+.+.2SDSp¿),HEDGI�Rot.KXp3KmHJHJK�p3I�R.t.DSHJDSIPR ��U.RWKÑtWDGFEHJCEDG÷WU.HJDSIPR4<&)1U.Fvk
FJDSK3RWR.KhtWKh+/)1Ci)1O�
3HECJK3F>= d?�"! ["@ *-,! g pmIPR.t.UWDGH#)1U&CJl3FEU.2SHi)1HA*-,! #82� ! úXó#ô DSR�õàI�CJOç)1HJDüIPR
K3}�HECJDSR.F�
mTVUWK K3FEH�t.IPR.p )1FJö�Oo+WHJIPHEDSTVUWKrk
OoKmRVHBDSR.t.l3+]K3R.t]),R�HJK&KmH�DSt.K3R�HJDST�U.K3OQK3R�HhtWDGFEHJCEDG÷WU.l3KXFJU.DSþP)1RVH �

c d Y"e [?g # `B :DCE� ! 9�:�; 7 dUYF7G�"! [?g ,
:��"! ø z�ù

c�I�HJI�R.F�T�U.K&2vô IPRo)�2<)&FEö�Ool3HECJDSKXFJU.DSþP),R�HEK��
c d Y"e [ #IH `
g # c�dJ79Yfe [ #K7 `
g ø y�ù

ABK3FopmIPR.FEHi),Hr),HEDGI�R.F�CJlmt.U.DSFJK3R�HÞ2<)_tWDGOQK3R.FEDGI�R t.K"2�ô´)1R/),2Sö�FJK
ø �"2vô IPCJDSj�DGRWK�DSRM�/RWDGKqù&),U9FJU.DSþ�DhtWKo2vô l3þPI�2GUWHJDSIPR_tWU +/)1Ci),O]
3HJCEK
U.R.DST�U.KL�"!]úqó#ô´),R/)12SöVFEK5t.K#2<)Bp3IPR�þ�K3CJj�K3R.p3KB+/),CÖ2SK3F7t.D<)1jPCi)1OoO�K3F
b"!*uve CJK3+]IPFEK&DSOo+.2SDSp3DSHJK3O�KmRVH�FJU.C�p3KäCJl3FEU.2SHi),HBõ¸IPR.t/)1OoK3R�Hr),2vú

M N -�. ïÞò�*�O&í"*;/ / -�.QPSR êUT
ó>K3F�t.D<),j�Ci)1OoO�K3F&b"!*uve ø�VLW3A�X6��E)�Y� 3 D E @ >�X[Z \XA���> E^]EX8\ E�� B

@ � X A`_"ab\�X A?� ùèIPR�H�l3HElÑDSR.DSHED )12SK3OoK3R�H#DSR�HJCEI�t.U.DSHJFB+/),C�HEK3R_fBCJDSR��
+]IPU.C*IP+.HEDGOQDSFJK3C�2<)�p3I�R.p3K3+.HEDSIPR_t.KäHJU.CE÷/I1k�p3I�t.KmF6�¶|R�Jú/ABKmFÑtWD )¥k
jPCr),OQOoK3F�+.CEIP+]IPFEK3R�HÑUWR.K�þ�DSFJU]),2SDSFi),HEDSIPRÞjPCr),+.-.DST�U.K&tWK�2vô l3þPI1k
2SU.HJDSI�Rot.KX2<)&T�U/)12SDGHEl�t.KX2vô DSR�õàIPCEOç)qHEDGI�R&K3}�HJCEDSR.F�
3T�U.Käl3pr-/),R.j�l3K
DSHJl3Cr),HEDGþ�K3OoKmRVH�K3R�HJCJKäOoI�t.U.2SK3F#d�uJd04�ú.ABK3HEHJK&),+W+.CJI�pr-.KXFJKXt.DSFvk
HJDSR.j�U.KXt.K3FX),R/)12Gö�FEK3F�FJDSOoDS2<),DSCEK3F5+.CJl3FEK3R�HJl3KmF&+/),C��dcR�5K3H��deR��+/)1C
2vô U.HJDS2SDSFi),HEDSIPR�tÖô UWR.Khj�Ci)1R.t.K3U.C5÷]IPCER.l3KP@,+]K3CEHJDSR.K3R�HJK*t.U&+]IPDSR�H7t.K
þ�U.KBt.K#2vô DGR�HEK3CJ+.CEl3Hi)1HJDSIPRÖú¿b5R&K $�K3Hq@q2 )BT�U/)12SDGHEl5t.Kh2vô DSR�õàI�CJOç)qHEDSIPR
K3}�HJCEDSR.F�
3T�U.KQK3FJHäTVU]),R�HJD �/l3K�+/)1CÑ2<)QOoKmFJU.CEK�t.K�2vô DSR�õàI�CJOç)qHEDSIPR

O�UWHJU.K32S2SK�OoI,ö�K3R.R.K ø u�� �"ù�),+.+]IPCEHJl3K_+]),C�Y�FJU.C [ @5t.l �/RWDGKpmIPOoOQK�� f"!�g hi# `
8 jhlknmno6g pno)q p-rm-r c�dUYfe [hg's
t5u�v , 8iw c�dUYfe [hg

c d Y"e�7 `�g H c d Y"e�H `�gLx Y
ø ��ù

b5RoFEU.+.+]IPFr),R�H#T�U.KZYQFEU.DSþPK�U.R.K*2SIPD�= dy� ! [n@ 82� ! g ),U�p3I�U.CJFtWU_+.CJI�p3KmFJFJUWF&DSHJl3Cr),HJDüõi@W2vô Km}V+WCJK3FEFJDSIPR_+WCJl3p3lmt.K3R�HJKQFJK&FEDGOQ+.2SD �/KPú
bÆRçpmIPO�÷.DSR/)1RVH�2GKmF�CJl3FEU.2SHi),HEF ø �¿ùBK3H ø yPù3@�I�RÞIP÷.HEDGKmRVH �

f"!�g hz# q p-rm-r c�dUYfe�H `
g w t5u�v , 8
` H 9�:�; d879Y g x Y ø |�ù

I�� c�dUYfebH `
g K3FJHQt.IPRWR.l3K�+/),C ø zPùmú 4*Rgp3IPR.FEHi)1HJK�TVUWK+f !�g hKmFJHBU.R.K�õ¸IPR.p3HEDSIPR�FJHECJDSp3HEK3OoK3R�HBp3CJI�DSFJFi)1R�HJK ø K3HB+/),C#pmIPR.FEl3T�U.K3R�H
DSR�þPKmCJFJDS÷.2SK¿ù�t.UÞ+/)1Ci),O]
3HJCEKi� ! @.)qþ�K3pX2SK3F�2SDGOQDSHJK3F#FEU.DSþP),R�HJKmF��t|{5}~2����� f !�g h dy� ! g #�� @ t5{|}~ � � p-r f !�g h d?� ! g # `f !�g h #I��pmIPCJCEK3FJ+]IPRWto),U�p¿),F5K3}�HJCEý3OoKBI���Y�K3H [ FJI�R�H�FEHi)1HJDSFJHED¶kT�U.KmOoK3R�HBDGRWt.l3+]K3R.t/)1RVHEF¿ú]\ 2vô DSR�þPK3CEFJKP@�I�R )�f !�g h # ` 2SIPCJFET�U.K
Y t.l3HJKmCJOoDSR.K*+/),C£õ�),DSHEK3OoK3R�H [ úó>K&pmIPOo+]IPCEHJK3OQK3R�HhRWIPR_2SDSR.l¿)1DGCEKXt.K&pr-/),T�U.KäOoI�t.U.2SK&d�uJd04
+]K3U.H�t.I�R.poý3HECJKÞp¿)1Ci),pmHJl3CEDGFEl_+/)1C�U.RWK�õàI�R.p3HJDSI�R t.KQHJCi)1R.Fvõ¸K3CJH
tWK�2 )ÑõàIPCEOoK�f"�8�2�"#I��ddf>�|� g @�f-�5� ø CEK3FJ+]K3p3HEDGþ�K3OoKmRVH�f"�J�2��ù�t.l3FED¶kj�R/),R�HÖ2�ô u�� � K3R�K3R�HJCEl3K ø FEIPCEHJDSK¿ùÖt.U�OoI�t.U.2SKPú3ó Kh+.CEI�p3K3FJFEU.F#t.K
HEU.CJ÷]I,kvt.l3HEK3p3HEDGI�R_K3FEHÌ)12SIPCJF�OQI�t.l32SDSFi),÷W2GK*+/),C*2SKÑFEpr-.l3Oç)�lmTVUWD¶k
þP)12SK3R�Hh+.CEl3FJKmRVHEl�pmD¶kvt.K3FEFJI�U.F¿ú

Détecteur SISO

I G I
out E in

= ( )

I G I
out D in

= ( )

Décodeur SISO

I
,xl

I
,xl

S#: T�V.z �çd�pr-.lmOç)äl3T�U.DSþP),2SK3R�HhtWUçHEU.CJ÷]I,kvt.l3HEK3p3HEK3U.C
ó>K3F�p¿)1Ci),pmHJl3CEDGFEHJDST�U.K3FQt.U t.lmHJK3p3HEK3U.CQK3H�tWU t.l3pmIVtWK3U.C�FJI�R�H
lmþP),2SU.l3K3F�DSR.t.DSþ�DSt.U.K32S2SK3OoKmRVHq@>+/)1C�FEDGO�UW2 )1HJDSIPRÖú#4*R%jPlmR0
3CJKÞK3R
KmRVHECJl3KXt.K*pr-/),T�U.K*OoI�t.U.2SKBU.R.K�FEl3T�U.K3R.pmK ^ Y b t.DSFJHECJDS÷.U.lmK�FJUWD¶kþP)1R�H�U.R.K�2SIPD>= d?�"! ["@ 82�"! g +/I�U.CXt.D $�l3CEK3R�HJK3FäþP),2SK3U.CEFÑtWU_+/)qkCr),O]
3HJCEK'�"!.ú�ó#ô u�� � p3I�CJCJKmFJ+]IPR.t/)1R�HJKXK3R�K3R�HJCEl3K'f-�5��KmFJHBt.IPR�k
RWl3K_+/)1C�2 )"CJKm2 )1HJDSIPR ø |Pù3únf"�8�2�äK3FJHQIP÷.HEK3R�U.K_+/)1C�l3þP),2SU/)1HJDSIPR
R�U.OQl3CJDST�U.K�t.KX2vô K3}�+.CJKmFJFJDSI�RoDSR�HJl3j�Ci),2SK ø ��ù3@M��+/),CEHJDSCBt7ô U.R.K�KmFvk
HEDSOç),HEDSIPR ø +/),CB-.DSFJHEIPjPCr),OQOoK¿ù t.K3F�t.DSFJHECJDS÷.U.HEDSIPR.F�c�dUYfe6H `�g K3Hc d Y"e�7 `�g +.CJI�t.U.DSHEK3F�K3R_FEIPCJHEDSKPú

����� �����n�����������S������ ¢¡`£¤¡¦¥"§-¨'¡`�n£`�
b5R
HEU.CJ÷]I,kvt.l3HEK3p3HJDSI�R7@�2<)"õàIPRWp3HJDSIPR%t.K"HJCi)1R.Fvõ¸K3CJHÞt.U%t.l3pmI,k
tWK3U.C©f �8�2� #ª�i«�ddf �5� g RWK�t.lm+/K3RWtÿT�U.K_tWK3FÞ+.CJI�+.CJDSl3HEl3FÞt.UpmIVtWKPú7c*IPU.F�)qþPI�R.F&CEK3+.CJlmFJK3R�HJl �/jPU.CEKoy_2SK3Fäp¿),Cr),p3HEl3CJDSFJHEDSTVUWK3F
I�÷.HJKmRVUWK3F )qþ�K3p tWD%$>l3CEK3R�HJF�p3I�t.K3F�pmIPR�þPI�2GUWHJDüõàF¿ú*ó7)%R.I�Hi)1HJDSIPR
d `�@ j o[¬ j , g t.l3FEDSjPR.K&UWR.KXFJHJCEU.p3HEU.CJK�CJl3pmU.CJFEDGþ�K�FEö�FJHJlmOç),HEDSTVUWKPú4*R�p3IPR.FEHi)1HJK�T�U.K�2SKBpr-.IPDS}�t.K�2<)�FEHJCEU.p3HJUWCJK�tWU�p3I�t.K3U.CBR7ô DSR�k­ U.K�+/),FBFJUWCh2<)Xp3I�R�þPK3CEjPK3R.pmKÑtWU�HJU.CE÷/I1k�t.lmHJK3p3HEK3U.C*+.U.DSFJT�U.K*2GKmF
pq),Ci)1p3HJlmCJDSFJHEDGT�U.KmFÑI�÷.HJKmRVUWK3F&)qþPK3pX2SK3F�pmIVtWK3U.CJFXCEl3p3U.CEFJDüõàFXFJö�FJHElrk
OÞ),HEDGT�U.KmFhFEIPR�H�p3I�R�õàI�R.t.U.K3FX)qþPK3päp3K32S2SK3FXt.K&2SK3U.CEF�l3T�U.DSþP),2SK3R�HEF
RWIPRoCEl3p3U.CEFJDüõàFXR.I�RoFJö�FEHJl3OÞ),HJDST�U.K3F��¶{R�Jú



0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

Information mutuelle moyenne en entrée Iin

In
fo

rm
at

io
n 

m
ut

ue
ll

e 
m

oy
en

ne
 e

n 
so

rt
ie

 I
ou

t

Code (5,7) Rc=1/2    
Code (1,5/7) Rc=1/2  
Code (23,35) Rc=1/2  
Code (1,23/35) Rc=1/2
Code (133,171) Rc=1/2
Code (1,3,3) Rc=1/3  
Code (5,7,7) Rc=1/3  
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Canal Gaussien Es/N0=0dB 
Canal Gaussien Es/N0=3dB 
Canal PROAKIS B Es/N0=0dB
Canal PROAKIS B Es/N0=3dB
Canal PROAKIS C Es/N0=0dB
Canal PROAKIS C Es/N0=3dB
Canal CRIT5 Es/N0=0dB    
Canal CRIT5 Es/N0=3dB    
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(1) Egalisation

(2) Décodage

Courbe décodeur

Courbe détecteur
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Diagramme Turbo−detecteur 
Eb/N0 = 3 dB              
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Diagramme Turbo−detecteur
Eb/N0 = 3.9 dB           
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Diagramme Turbo−detecteur
Eb/N0 = 6 dB             
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Diagramme Turbo−detecteur
Eb/N0 = 3 dB             
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Diagramme Turbo−detecteur
Eb/N0 = 4.7 dB           
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Diagramme Turbo−detecteur
Eb/N0 = 6 dB             
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