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Q�X21ZA414wPCK/gAMq#p^ÝCT/P14oºÝCTC#w2BDqrX21MqrA4Cºp±C#A�è¢qrUTX21Zo.14X�ÝCfp�Q�Uy?DqrÞeBa3�CKQ�/P-R3DqrA
B>-0Q�/^-RW�XPCT3±1Z/ÌAMq�UT-RÞ¤Þ�qr3�p�CbÞ¤-RXP/21ZUKC0ä
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b J¹8�cÍò4e p�ÁÂ��n:� i ����t,v���s�s ln�n��Ãv { t,��Ä�� z n z vfnÃuÅp iZy Ä:uIn����s z t5nF~Æt ln:��nZs z�ln�n��^v�pfsX��uÅnÇo�Èn�oqnÇt,n#~�ÉnZt,nZ|���x ��t y nZs z p z8y �fs�v�nt ln ��ln�t5n�s i n��  ªÊ �@n�� z�{Xz8y u y � ln�n�~�� { t i p¤u i�{ uIn�t   Ë0ÌFÍ n z�  Î8Ï�Ë |@ÄFÁ.��p~4�&� y�z8y ��s�v�n�uIp iZy Ä:uInd~�n�t�o�n z uIp � ��t�o�p z8y �fs�v�x { s�p z=z t5p iZz n { t¬Ép  Î=Ï�Ë |d��n�o ln i pfs y ��o�n�v�nÑÐ�t,n0pfv&�5� {Òz�Ó ~4nZt�o�n z v�n i p¤u i�{ uÅnZt�uÅp��y�z n:����nqvfnqt,� z p z8y ��s�Ô�|
,.Uy?�¼-03±CT/ºB±/P-0B>-0w2C#pHè Q�X214AZ14w2CT/@Aôè -R/P14CT3.X°qßXP14-03�p�C^AMqÌXIïCTX2C$p±Q�/P-rv
W>-0XI;&  Ë�Ì#Í ;T/2CTAMqrXP14oRC#åq^Q�3+/2CTB'åCT/2CWaDà.CgUT-0ÞeÞ¤C9o0qr/P1MqßW�A4C¼UK-0Þ¤B>-0/»v
X°qßÞ¤CT3.XyqrA4C0ä Û èPÝCTX°qßX�p�Q÷wPV.w2XTåCTÞeC¤CTw2X�/PCTB�/�ÝCTwPCK3%X�ÝC�UT-RÞ¤Þ¤C�Q�3�C
o0qrA4CTQ±/^p�C�UTCTX2XPC�o0qr/21¯qßW�A4C0ä�=@qr/+qr3DqßAZ-Ru014C$q³oRCTU�AMq�3�-0X21Z-R3�B�?.V0v
wP14Y.Q�C�p�Q�BD-RXPCT3.XP14CTA�;9A4CTwaÞ�qrà.14Þ¾q�A4-.UIqrQ±à�p�QøUy?DqßÞ¤BÍ3�CTQ�/2-rv
3DqßQ�à¤w2-03.X^3�-0ÞeÞ�ÝCTw p z=z t5p iZz n { t�� ä�,.1'A�è -0/214CT3.X°qrX214-03�p�C�AMq�UT14W�A4CCTw2X®  Î=Ï�Ë÷ëÅaDuRQ�/PC�ò�;^qRí¾qßA4-0/PweQ�3 qrXPX2/°qßUTXPCTQ±/�CTwPX"UT/�ÝCTC�p>qr3�w

A4C�Uy?DqrÞeB�3�CTQ�/2-03DqßAºCKX�AMq¤o.14XPCKwPwPCep�C�/P-RX°qßXP14-03Íp�QÍ/P-0W>-0X�CTwPXÔ ¥ÖÕ  ¥Ã×,Ø×�Ù ä,bÝCTBDqß/�ÝCTÞeCT3.XI;RUy?DqrY.Q�C^CT3.X2/�ÝCTC+p^ÝCTX2CT/PÞe143�C^AMq^æ¿-0/PÞ�qrX21Z-R3+pHè Q�3
qßXPX2/°qrUKXPCTQ�/+ëMURä q±ä pHä³Q�3�BD-R143%X�aDà.C0;.qrw2V.Þ¤B�X2-0XP14Y.Q�CTÞeCT3.XHw2X°qrW±AZC³í
p>qr3�w9AZCbUy?DqrÞeB+3�CTQ�/2-03DqßAôä Û èPÝCKY%Q>qrXP14-R3$p9è hÌÞ¾qß/P10B>CT/2Þ¤CTX9A¯q UT-rv
-RB^ÝCT/yqrXP14-R3�CT3.XP/PC+A4CTw^w2XP14Þ�Q�A41�qrwPw2-.UT1IÝCTw#qrQ�à�CK3%X2/�ÝCTCKw#p�1çé$ÝCT/PCT3.X2CTw
ëìUT14W�A4CTw�w�ÝCKBDqr/�ÝCTCTw¤w2BDqrX21MqrA4CTÞ¤CK3%XyíTä@=9-0Q�/�p�CKw�CT3.XP/�ÝCKCTw�B�/P-.Uy?�CTw
w2BDqrX21MqrA4CTÞ¤CK3%X³;.AMq�p�V.3DqßÞ¤14Y.Q�C�q�Q�3�w2CTQ�AºqßXPX2/°qrUKXPCTQ�/�Y%Q±1¼UK-0/�v
/2CTwPB>-03±pøåq�AMq�Þ¤-rVRCT3�3�CÌp�CTw#CK3%X2/�ÝCTCKw�ëÚaDu0Q±/PC	`0íKä
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Inputs at 100 and 119 degres
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Activation of the neural field
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φb J¿8dcX`�e ��p i �Z�\~ ln�t5p z8y �fs®vfnqvfn {&Û � z8y o { u y |ª}Ürfp {Xi�k n:��uIn:�m� z=y �o { u y Ép�Ý&ÞfÞ®n z ÝfÝ&ß�v�n#r�t ln���à�p {�i nZs z t5n:��u0x p i�z=y���y�z4ln^v {�i�k pfo�~s�n { t5�fs4p&uáàâÉp�vft5� y�z n:��uIp�����t z=y n�v { o ln i pfs y ��o�n	v�n�Ð�t5n�p�v¤�5� {Xz0Ó |
hjBDqß/PX21Z/+pHè Q�3±C�p�14wPXyqr3�UTC�UT/21ZX214Y%Q±C�CT3.XP/2C�AZCKw$ò�CK3%X2/�ÝCTCKwI;9Q�3
B>-0143.X�p�C�W±1�æ¿Q�/PUIqßXP14-03÷qrB�B>qr/°q³ï ã4X�CTX¤A�è¢qrX2XP/°qßUTXPCKQ�/¤p�CKo%14CT3.XeQ�3
/�ÝCTB�Q�A4w2CTQ�/^CTX#ò�3�-0Q±o0CIqßQ�à¤qrX2XP/°qßUTXPCKQ�/PwÌwPCÌæ¹-0/2Þ¤CT3.X#ëÚaDu0Q±/PC+t%íKä
[�3�æ¹-03±UTXP14-03"p�CaA�è2ÝCTXyqrX^143�14XP1MqrA�;.A4C�/P-0W>-0XÌUy?�-014wP14XÌQ�3�p�CTw+p�CKQ�à
qßXPX2/°qrUKXPCTQ�/2wIäH`bC�Þ�ÝCKUIqr3�14w2Þ¤C#p±CaUT-RÞ¤B^ÝCKXP14XP14-03>_rUT-.-0B^ÝCT/°qßXP14-03�q
Q±3�C¤B�/2-0B�/21IÝCTX�ÝC�pHè ?.V.wPX�ÝCK/�ÝCTw21Zw�Y.Q�1eÝCTo.14XPCeA¯q¾æ¹-0/2Þ¾qrX214-03�p�CKw�-0w�v
UK1ZA4AMqrX214-03�w³ä�d#3±C¤qrQ�X2/PC�B�/2-0B�/21IÝCKX�ÝC�p�C�Uy?DqßÞ¤B�3�CKQ�/P-R3DqrAgCKwPX�wyq
Þ�ÝCTÞ¤-R14/PC0ä Û CaB�14U�pHè¢qrUTX214o%14X�ÝC�CTwPX�Þ¾qr143.XPCK3%Q�B>CT3�pDqß3.X$Q±3ñUTCK/�v
Xyqr143�X2CTÞ¤B�w9wIè 14A.3Hè Vùq BDqrw@p�CKwgwPX21ZÞ�Q±AZ1rCK3aCT3.X2/�ÝCTC0äR]�A.p^ÝCTB>CT3�p�p�C
AMqÌo0qrA4CTQ±/gp�C�«9;RB�A4Q�wgA4C�«eCTwPXb3^ÝCTu.qrXP1çæHB�A4Q�wfAôè Cyé'CTXbp�C^Þ�ÝCKÞ¤-014/2C
CKwPXbæôqß1ZW±AZCRä
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Inputs at 100 and 122 degres
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Activation of the neural field
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b J¿8dcßtje�ä �fo�~ ln z8y�z8y ��s�nZs z t,n	v�n {&Û � z8y o { u y |j}år�p {Xi0k n���uÅn��æ� z=y �o { u y Ép�Ý&ÞfÞ®n z Ý/ç�ç�v�n#r�t ln���à�p {�i nZs z t5n:��u0x p i�z=y���y�z4ln^v {�i�k pfo�~s�n { t5�fs4p&uáà�Ép^v�t5� y�z n�� { sÇp�r�t,p�s4v y ���\n�o�nZs z v�nèuIp�����t z8y nmv { o ln:�i pfs y ��oqn�v�n©Ð�t5n�pfv&�5� {Xz�Ó p\~ÆtªÉn:�muIp^v ln�t y�� p z8y �fsâv {Çi0k p�o�~�s4n { �t,��s4p¤uI|
=9-0Q�/ñq³oR-014/¤Q±3 UT-0ÞeBD-R/PXPCKÞ¤CT3.X¤p±V%3>qrÞ¤14Y.Q�C�UT-R?<ÝCT/PCK3%X³;+14A
æ�qrQ�XÌY%Q±C�A4CTw+CT3.XP/�ÝCKCTw�qß14CT3.X#Q�3�C�æ¹-R/PÞ¤C+u.qrQ�w2wP14CT3�3�CRäHõ�qr14wÌAZCKw
CK3%X2/�ÝCTCKw¾o.14wPQ±CTA4AZCKw¤p�C�3±-0XP/2C�Þ�ÝCKUIqr3�14w2Þ¤C¤p±C�wPQ�14o.1^wP-R3.X¤p^ÝC¹îßåq
B±/PCTw2Y%Q±C¾u.qrQ�w2wP14CT3�3±CTwñëÚaDu0Q�/2C n íT;9-03�BDCKQ�X�p�-03±U¾Q±XP14A41Zw2CT/�Q�3
Uy?DqßÞ¤Be3�CTQ�/2-03DqßAHpDqß3�w^3�-0X2/PCaqß/PUy?�14XPCKUTXPQ�/2C�w°qß3�w#q³o0-R1Z/�åq�Þe-rv
p±1�a>CT/^Y.Q�-01'Y.Q�C+UTC�w2-014XIä
Û è Cyé'CTXÍÞ�ÝCTÞe-014/PC�p�Q�U°?>qrÞ¤B 3�CTQ�/2-03DqßAa3�-RQ�w�B>CT/PÞeCTX�p�C
UK-03.XP143.Q�CT/¤åqÍq³o0-R14/$Q±3�B�14U¤pHè¢qrUKXP14o0qrX21Z-R3ñUK-0/P/2CTwPB>-03±pDqr3.X�åq�AMq
UK1ZW±AZC�w2Q�14o.1ZC�ÞñïCTÞ¤C�wP1bUTCTA4A4Cyv�UT1^wIè¢qß/P/IïCKXPC¤Þe-0ÞeCT3.X°qr3^ÝCTÞ¤CT3.X^p�C
W>-0Q±u0CT/�ëÅaDuRQ�/PCalRíTä � 3"BDCTQ±X$qr143�w21�ÝCTA414Þ¤143�CK/ºA4CTwÌCT/P/2CTQ�/Pw�p�Q�CTw
qßQ�àÊqßUTY.Q�14wP14XP14-R3�w¤p�CKw¾14Þ�qru0CeCTX�u%qß/Pp�CT/�Q�3 UT-0ÞeBD-R/PXPCKÞ¤CT3.X



UT-R3%X2143%Q9äÆ�ÌC�B�A4Q�wI;>w21gQ�3Í3�-0Q�oRCIqrQÍwPX214Þ�Q�A4Q�w^CTwPX+B�/�ÝCTwPCK3%X�ÝC¤CT3
CT3.XP/�ÝCTCaëìCTà'ärQ�3�C^qrQ±XP/PC^UK1ZW±AZCbY.Q�1.CT3.XP/2C^pDqr3�wfAZCbUy?DqrÞeB+o%14w2Q�CTAMíT;
A�è CyéêCKX#Þ�ÝCKÞ¤-014/2C#B>CT/PÞeCTX#p�C�wPQ�14o./PC�AMqÚUT14W�A4C$CKX$p±C�UT-03±wP14p^ÝCT/2CT/
UTC�w2XP14Þ�Q�A4Q�wgUK-0Þ¤ÞeC^Q�3�p�14wPX2/°qrUKXPCTQ�/³ä
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Inputs  at iteration=10
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Field at iteration=10
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φb J¹8�c9l4e �	x n8é�n z o ln�oq� y t5n�|Lê�p {Xz ��u0x ln z p z v { ��ë�� z Én�o�n	~4� { t�uÅpÝ&Þ¤��ÉnZo�n y�z�ln�t5p z8y �fs4|@ìæp&����u�x ln z p z v { ��ë�� z Én�o�n	~4� { t�uIp�Ý�í���ÉnZo�ny�z4lnZt,p z8y ��s�|Lî�s z t,n^uIp�ÝfÝ��4Én�oqnÇn z uIp®Ý:íX�4Én�oqn y�z4ln�t5p z=y ��s y u�s x ëÇp~4p&��v�n�o�� {X� n�o�nZs z ~4n�t�ïiZ{ |m}ðr�p {Òi�k n:�^u0x nZs z t ln�n�v {�i�k pfo�~s4n { t5��s�p&u���p {�i nZs z t,n��Wu0x p iZz8y���y�z4lnqvfn i n:u {XyWiZy �@pÇv�t5� y�z n��WuIpÇv ln:�t y��Qln�n	�8~4p z8y p&uÅnZ|
ñ òó�ü��f×��yÓ¼þùÓL��ôöõ*ü^Ô����ñüÌØbÓ¼Ù�÷�ü��
�+qr3�w�Q±3�C¤B�/2CTÞ¤1¿åCT/2C�B�?DqßwPC0;@3�-RQ�waq³oR-03�w�X2CTwPX�ÝC�3�-0X2/PC¤w2V.w�v
XTåCKÞ¤C+p�V.3DqrÞe14Y%Q±C#q³o0CTU�Q±3�C+wPCTQ�A4C�o0qß/P1MqrW±AZCR;.A¯q�o.14XPCTw2wPC�p�C�/P-rv
X°qßXP14-03"p�CaAMq�XIïCTXPC0ä Û q�a>u0Q�/2C n B�/�ÝCTwPCK3%X2C�Q�3ÍCTà.CTÞ¤B�A4C+p�C�wPX21�v
Þ�Q�A41^CT3�CK3%X2/�ÝCTC�CKX¤A�è¢qrUTX21Zo.14X�ÝC�p�Q U°?>qrÞ¤B÷3�CKQ�/P-R3DqrA+qrwPw2-.UT1IÝC0ä
\@-0Q�X2CTw�A4CTw�B�/P-RB�/P1³ÝCTX�ÝCTCTw�p�CTw�Uy?DqßÞ¤B�w�3�CTQ�/2-03DqßQ�à�ëMÞ�ÝCTÞ¤-R1Z/2C0;
UT-RÞ¤B^ÝCTX214XP14-03D_ßUT-.-0B^ÝCK/°qrX214-03H;±?%V.w2X�ÝCT/�ÝCTwP14w°í�wP-R3.X$-RW�wPCK/PoºÝCTCTw�p>qr3�w
3�-Rw^CTà.B<ÝCT/P14CT3±UTCTw�CT3�X2CTÞ¤B�wb/�ÝCKCTA�ä
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L’activité du champ neuronique

Neurones

A
ct

iv
ité

 a
na

lo
gi

qu
e

a) b) c)

b J¹8�c n e p\ÁÃøLs4n y o�pZrfnùp i0��{Xy ��nw~�pft�uIp i p�o ln�t5p ä�ä�ú |^Ä#Á�	x y oqp�r�n�v { oq� {Ò� n�oqn�s z v ln z n iZz�lnû~�pft�v y é ln�t5n�s i n�v�x y oqp�r�n:��|i Áû��x p i�z=y��Zy�z�ln�v {�i0k p�o�~üs�n { t5�fs4p&uÅ|��	x y oqp�r�n^vfn^oq� {Ò� n�oqn�s zp ln z4ln z t,p�sX��uÅp z4ln�vfp�sX� { s�t,n#~�ÉnZt,n�u yXlnùÉp�u�x ��t y nZs z p z8y �fsâv { t,��Ä�� z |
=9-0Q�/�14A4AZQ±wPXP/2CT/�A4CTw�BD-RwPwP14W�14A414X�ÝCTw�p�C�UK-03.XP/rï-0A4Cñp±CTw�Uy?DqrÞeB�w
3�CTQ±/P-03>qrQ�àÍpDqr3±w$A4C�U³qrw�pHè Q�3"wPV.wPXTåCTÞ¤C�åqep�CTQ�à�p±CTu0/�ÝCTw�p�C�A41çv
W>CT/PX�ÝC�ëì/P-RX°qrX214-03¤p±C#AMq+XIïCKXPC+CTXbp�Q¤UT-R/PB�wbp�Qe/P-0W>-0XyíT;R3�-0Q±wºB�/�ÝCyv
wPCK3%X2-03�wÌQ�3�CTà.CTÞ¤B±AZC+w21ZÞeB�A4C^CT3�aDu0Q±/PCaã±ä�,.Q�B�B>-0w2-03�wÌY%Q9è Q±3�C
o0qr/21MqrW�A4C�143.XPCT/23�Cñëì-0QøQ±3�C¤Þe-0XP14o0qßXP14-03Dí CT3.XP/yqIï ã43�C¤A4C�/2-0W>-0X�åq
CTàbÝCTUTQ±XPCT/bAMq^w�ÝCKY%Q±CT3�UTC^hæý<` á lKâPä Û q w�ÝCTY.Q�CK3�UTC^UT-RÞ¤Þ¤CK3�UTCgq³o0CTU
A�è¢qrUTX21Zo0qßXP14-03�p�Q�3�CKQ�/P-R3�C+UT-0/2/PCTw2BD-R3�pDqr3.X+åq�A�è2ÝCTXyqrXgh�ä Û è CK3%X2/�ÝCTC
B>CT/PÞeCTX#AMq�UT/�ÝCIqrX21Z-R3ñp9è Q±3�qßXPX2/°qrUKXPCTQ�/	  þ ëÅa>u0Q�/2C�ãRíTä�h�A�è 143�w»v

Xyqr3.X � ;gA4C�3�CTQ±/P-03±CñY.Q�1ÌUT-0/2/PCTw2BD-R3�p åq�A�èPÝCTX°qßX^ý�CTwPX�qßUTXP14oºÝCCKX�A�è qßXPX2/°qrUKXPCTQ�/�o0q�uRAZ14w2wPCT/�oRCT/Pw^  ÿ#ä9h#oRCTU¤A4C�Þ�ÝCKUIqr3�14w2Þ¤C�p�Cº2/PCIqßp.v�-0Q�X,»D;@3�-RQ�w¤-RW�XPCT3±-03�w�òÍo%14X2CTwPw2CTw�p�C�Uy?Dqr3±u0CTÞeCT3.Xap�C
A�è -0/214CT3.X°qrX214-03H;Rp�1çé$ÝCK/PCT3.XPCKw�BD-RQ�/#AMq�XIïCTXPC�CTX#A4C�UK-0/PB±w$p±Q�/P-RWD-RX
ë2åqÌUIqrQ�w2C#p�C^p±1�é+ÝCT/2CT3�UTC+pHè 143�CT/2XP14C^AMq#XIïCTXPCÌXP-RQ�/P3�C^B±AZQ±wgo.1ZX2C^Y.Q�C
A4C�UK-0/PB±w°íTä Û è Q�XP14A414w°qßXP14-03�p�CTw+Uy?DqßÞ¤B�wÌ3�CTQ�/2-03DqßQ�à�B>CT/PÞeCTX+Q�3
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