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Partie 4: Evitement d’obstacles
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Evitement d’obstacles: introduction
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Obstacle
• Statique ou dynamique

Exemples: poteau, mur, marche, humain, voiture, autres robots

A
Objectif: déterminer un parcours
de A à B qui permet au robot d'éviter 
les collisions avec les obstacles

Evitement d’obstacles: géré
normalement par un contrôleur
de bas-niveau

B

obstacle

<latexit sha1_base64="UfKzuQ6S2K56T9xJc9BmVYGALgA=">AAACJ3icbVDLSsNAFJ34rPHV6tJNMBFclaTgY1lw47KCfUATymRyW4dmJiEzqS1DPsKtfoFf40506Z+YtFnY1gvDHM59nMPx45AKadvf2sbm1vbObmVP3z84PDqu1k46IkoTAm0ShVHS87GAkHJoSypD6MUJYOaH0PXHd0W/O4FE0Ig/ylkMHsMjToeUYJlTXcvSp7plDaqmXbfnZawDpwQmKqs1qGm6G0QkZcAlCbEQfceOpadwIikJIdPdVECMyRiPoJ9DjhkIT839ZsZFzgTGMEryx6UxZ/9uKMyEmDE/n2RYPonVXkH+2wtEcXBZPZjQWJT604WBZXdyeOspyuNUAieZYeguh2cSMYZ5oNwJyKzveMoFLtIECk2l3OLzh4bpZFmm5+k5q1mtg06j7lzV7YeG2bwuc6ygM3SOLpGDblAT3aMWaiOCxugFvaI37V370D61r8XohlbunKKl0n5+AUGrpQE=</latexit>x



• Comportement de base indispensable au bon fonctionnement                                   
d’un robot dans un environnement dynamique

• Il faut gérer les écarts entre le modèle interne et le monde réel
Méthodes (pour des obstacles statiques):

0.    Véhicule de Braitenberg (approche réactif, pas de carte de l’environ.)

1.     Champs de potentiel

2.     Vector field histogram

3.     Fenêtre dynamique

4. Graphe de Voronoï

5. Planification probabiliste: PRM, RRT

• Besoin de perceptions précises (ex. télémètres laser): avec sonars ou autres, une 
représentation locale de l’environnement, centrée sur le robot, peut être nécessaire

• Carte de l’environnement: connue 
• Représentation de l’environnement: mtd. 1, 3, 4, 5 déterministe, mtd. 2 probabiliste
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Robot 
mobile

Parcours désiré
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Evitement d’obstacles: introduction



Partie 4: Evitement d’obstacles
1.  Champs de potentiel
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Champs de potentiel: introduction
▫ Robot: vu comme une particule
▫ Déplacement suivant les lignes de courant d’un potentiel 

obtenu par la perception de l’environnement
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“Real-time obstacle avoidance for manipulators and mobile robots”, 
O. Khatib, Int. Journal of Robotics Research, vol. 5, n. 1, pp. 90-98, 1986

Potentiel
primitif 

Déplacement selon 
une direction 

Eloignement d’une 
paroi

Répulsion 
d’un point

Attraction 
vers un point

Ligne de 
courant



• Potentiel: différents objectifs
▫ Évitement d’obstacles
▫ Déplacement dans une direction préférée (vers le but)

• Comment le calculer ?
▫ Sommation de potentiels primitifs

• Particularités des potentiels primitifs
▫ Étendue spatiale limitée ou non
▫ Intensité: fonction de la distance ou non
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“Robotics Modeling, Planning and Control”, B. Siciliano, L. Sciavicco,                        
L. Villani, G. Oriolo, Springer 2009, Sect. 12.6

Champs de potentiel: introduction



déplacement suivant le couloir centrage évitement d’obstacle ponctuel

champ de potentiel résultant

environnement
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Simple exemple

+ +

Champs de potentiel: introduction

robot
obstacle



Champs de potentiel
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En d'autres termes, la force agissant sur le robot dans la position     est égale
au gradient négatif de la fonction potentielle

où

force agissant sur le robot dans la position 

fonction potentiel de l’environnement

1)  Potentiel attractif : pour guider le robot vers le but

2)  Potentiel répulsif : pour éviter la collision avec les obstacles

Formulation mathématique:

• Nous étudierons deux types de potentiel :

robot

<latexit sha1_base64="Lr4RvomflvBZjLgqzb39J3Ey6Vo="></latexit>

q 2 R2

<latexit sha1_base64="HHBr+rDBVgz0W9kqLihNSna8VMY=">AAACMnicbVDLSsNAFJ34rPGV6tJNsBXqpiQV0WXBjcsK9gFNKJPJbR2amcTMpFqG/Ilb/QJ/Rnfi1o8wabOwrReGOZz7OIfjRQEV0rI+tLX1jc2t7dKOvru3f3BolI86IkxiAm0SBmHc87CAgHJoSyoD6EUxYOYF0PXGN3m/O4FY0JDfy2kELsMjToeUYJlRA8OoVvV2zZmAVI/puV6tDoyKVbdmZa4CuwAVVFRrUNZ0xw9JwoBLEmAh+rYVSVfhWFISQKo7iYAIkzEeQT+DHDMQrppZT82zjPHNYRhnj0tzxv7dUJgJMWVeNsmwfBDLvZz8t+eL/OCiuj+hkSj0n+cGFt3J4bWrKI8SCZykpqk7HJ5IyBjmvspDSvu2qxzgIokh11TKyT9vaFbsNE31LD17OatV0GnU7cu6ddeoNC+KHEvoBJ2iGrLRFWqiW9RCbUTQBL2gV/SmvWuf2pf2PR9d04qdY7RQ2s8v1SGoyw==</latexit>

U(q)

<latexit sha1_base64="dklguH90Dm222fIWxxCmj8uMen4=">AAACJ3icbVDLSsNAFJ3UV42vVpdugongqiQV0WXBjcsKpi00oUwmN3VoZhIyk2oJ+Qi3+gV+jTvRpX9i0mZhWy8Mczj3cQ7Hi0MqpGl+K7WNza3tnfquurd/cHjUaB73RJQmBGwShVEy8LCAkHKwJZUhDOIEMPNC6HuT27Lfn0IiaMQf5CwGl+ExpwElWBZU3zBUWzWMUUM3W+a8tHVgVUBHVXVHTUV1/IikDLgkIRZiaJmxdDOcSEpCyFUnFRBjMsFjGBaQYwbCzeZ+c+28YHwtiJLicanN2b8bGWZCzJhXTDIsH8VqryT/7fmiPLis7k9pLCr954WBZXcyuHEzyuNUAie5pqkOhycSMYa5nzlTkPnQcjMHuEgTKDWzzCk/L9B0K89ztUjPWs1qHfTaLeuqZd639c5llWMdnaIzdIEsdI066A51kY0ImqAX9IrelHflQ/lUvhajNaXaOUFLpfz8AgOEpNs=</latexit>

U

<latexit sha1_base64="PyZSdPEcGIVIz4ap4mFkj/qlXTM=">AAACOHicbVDLSsNAFJ34rPHVKrhxE0wF3ZSkILoUBHFZwdZCE8pkcquDmUnMTKoyzs+41S/wT9y5E7d+gUnMwlovDPdw7uPcOUESUSEd582YmZ2bX1isLZnLK6tr6/XGRk/EWUqgS+IoTvsBFhBRDl1JZQT9JAXMgggug5uTon45hlTQmF/IhwR8hq84HVGCZU4N61vNpumNQapTvVfmW71vNpvDuu20nDKsaeBWwEZVdIYNw/TCmGQMuCQRFmLgOon0FU4lJRFo08sEJJjc4CsY5JBjBsJX5Qe0tZszoTWK0/xxaZXs7wmFmRAPLMg7GZbX4m+tIP+thaJYOKkejmkiKv37nwMmr5OjI19RnmQSONGWZXoc7kjMGOahKkzSA9dXHnCRpVBoKuUVKRhZtqu1NnP33L9eTYNeu+UetJzztn3sVj7W0DbaQXvIRYfoGJ2hDuoigh7RE3pGL8ar8W58GJ8/rTNGNbOJJsL4+gZZ3auZ</latexit>

F(q)

<latexit sha1_base64="N8HqvQL+UUS0Bg5EHNZne5nN470=">AAACK3icbVDLSsNAFJ34rPHV6tJNMBFclaQguiy4cVnBPqAJZTK5qUMzk5CZVMuQz3CrX+DXuFLc+h8mbRa29cIwh3Mf53D8JKJC2vantrG5tb2zW9vT9w8Oj47rjZOeiLOUQJfEUZwOfCwgohy6ksoIBkkKmPkR9P3JbdnvTyEVNOYPcpaAx/CY05ASLAtqaFm6q/purlvWqG7aTXtexjpwKmCiqjqjhqa7QUwyBlySCAsxdOxEegqnkpIIct3NBCSYTPAYhgXkmIHw1NxzblwUTGCEcVo8Lo05+3dDYSbEjPnFJMPyUaz2SvLfXiDKg8vqwZQmotJ/XhhYdifDG09RnmQSOMkNQ3c5PJGYMcwD5U5B5kPHUy5wkaVQairllp8fGqaT57lepOesZrUOeq2mc9W071tm26lyrKEzdI4ukYOuURvdoQ7qIoJi9IJe0Zv2rn1oX9r3YnRDq3ZO0VJpP7+Ueqaz</latexit>

{W}

<latexit sha1_base64="w21pAZdCPNPg6Iv/rWFx52Tp2G0="></latexit>

U(q) : R2 �! R

<latexit sha1_base64="IRir5ab31Id6TteQPmdUEdoIEEQ="></latexit>

F(q) = �rU(q)

<latexit sha1_base64="Tv5yU/0yrMQv6RFjBh+74/H2I6g=">AAACOHicbVDLSsNAFJ3Ud3y1Cm7cBFuhbkpSKLosCOJSwarQhDKZ3NahmUnMTKplnJ9xq1/gn7hzJ279ApOYhVUvDPdw7uPcOX4cUiFt+9WozM0vLC4tr5ira+sbm9Xa1qWI0oRAj0RhlFz7WEBIOfQklSFcxwlg5odw5Y+P8/rVBBJBI34hpzF4DI84HVKCZUYNqjuNhulOQKoT3SzyrT4wG41BtW637CKsv8ApQR2VcTaoGaYbRCRlwCUJsRB9x46lp3AiKQlBm24qIMZkjEfQzyDHDISnig9oaz9jAmsYJdnj0irYnxMKMyGmzM86GZY34nctJ/+tBSJfOKseTGgsSv377wNmr5PDI09RHqcSONGWZboc7kjEGOaByk3SfcdTLnCRJpBrKuXmyR9adUdrbWbuOb+9+gsu2y2n07LP2/Vup/RxGe2iPdREDjpEXXSKzlAPEfSAHtETejZejDfj3fj4bq0Y5cw2mgnj8wtbEaud</latexit>

F(q)

<latexit sha1_base64="BdbSOiXgw+CboBw3LXfzEODHV5o=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVoSoksSNy4xkUdCm2Y6veCEzrR2piiZ9Evc6hf4NeyMW3/CFroQ8CaTOTn3cU6OFwVUSNNcaKWd3b39g/KhfnR8clqp1s76IkxiAj0SBmE89LCAgHLoSSoDGEYxYOYFMPCmd3l/MINY0JA/ynkEDsMTTseUYJlRbrXSaOj2DKR6Tl1PbzTcat1smssytoFVgDoqquvWNN32Q5Iw4JIEWIiRZUbSUTiWlASQ6nYiIMJkiicwyiDHDISjls5T4ypjfGMcxtnj0liyfzcUZkLMmZdNMiyfxGYvJ//t+SI/uK7uz2gkCv3XlYF1d3J86yjKo0QCJ6lh6DaHFxIyhrmv8pTSkeUoG7hIYsg1lbLzzxsbdStNUz1Lz9rMahv0W02r3TQfWvVOu8ixjC7QJbpGFrpBHXSPuqiHCErQG3pHH9qnttC+tO/VaEkrds7RWmk/v96HqN4=</latexit>qb

<latexit sha1_base64="96/E23dtJBAjH0yuLeMWSfoy52M=">AAACLXicbVDLSsNAFJ3UV42vVpdugqngqiRF0WVBEJcV7AOaUCaT2zo0M4mZSbUM+Q63+gV+jQtB3PobJm0WtvXCMIdzH+dwvCigQlrWp1ZaW9/Y3Cpv6zu7e/sHlephR4RJTKBNwiCMex4WEFAObUllAL0oBsy8ALre+DrvdycQCxryezmNwGV4xOmQEiwzyq3VdGcCUt2keq02qJhW3ZqVsQrsApioqNagqumOH5KEAZckwEL0bSuSrsKxpCSAVHcSAREmYzyCfgY5ZiBcNXOdGqcZ4xvDMM4el8aM/buhMBNiyrxskmH5IJZ7Oflvzxf5wUV1f0IjUeg/zw0supPDK1dRHiUSOEkNQ3c4PJGQMcx9lWeU9m1XOcBFEkOuqZSTf97QMO00TfUsPXs5q1XQadTti7p11zCb50WOZXSMTtAZstElaqJb1EJtRNAjekGv6E171z60L+17PlrSip0jtFDazy9wvqes</latexit>

F <latexit sha1_base64="D8AhMUKnls5vpJTHvIwgmN4sK+o=">AAACLXicbVDLSsNAFJ3UV42vVpdugqngqiSFosuCG5cV7AOaUCaT2zo0M0kzk2oZ8h1u9Qv8GheCuPU3TNosbOuFYQ7nPs7heFFAhbSsT620tb2zu1fe1w8Oj45PKtXTrgiTmECHhEEY9z0sIKAcOpLKAPpRDJh5AfS8yW3e780gFjTkD3IegcvwmNMRJVhmlFur6c4MpJqmeq02rJhW3VqUsQnsApioqPawqumOH5KEAZckwEIMbCuSrsKxpCSAVHcSAREmEzyGQQY5ZiBctXCdGpcZ4xujMM4el8aC/buhMBNizrxskmH5KNZ7Oflvzxf5wVV1f0YjUeg/Lw2supOjG1dRHiUSOEkNQ3c4PJGQMcx9lWeUDmxXOcBFEkOuqZSTf97IMO00TfUsPXs9q03QbdTtZt26b5itZpFjGZ2jC3SFbHSNWugOtVEHETRFL+gVvWnv2of2pX0vR0tasXOGVkr7+QW8dqfY</latexit>q

<latexit sha1_base64="VvzvejQ/iOpwcuUHn8NbP+cul2A="></latexit>

q = [x, y]T
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1) Fonction quadratique de la distance du but      :

Potentiels attractifs

2) Fonction linéaire de la distance du but      :

Convergence vers zéro linéaire
lorsque tend vers ;  
tend à augmenter indéfiniment 
lorsque la norme de l’erreur 
augmente

Module de la force 
constant;        n’est pas 
définie en 

Bon compromis: utiliser la 2e fonction lorsque le robot est éloigné du but et la 1re

près de      . Pour avoir une force continue, passer d’une à l’autre lorsque

Champs de potentiel

<latexit sha1_base64="TqDe309Exbjl1woy7EE70RwQOrE="></latexit>

Ua(q) =
1

2
kakqb � qk2, ka > 0

<latexit sha1_base64="U8vfbk9VPLmNnMeCGIZdXwcfMMc="></latexit>

Ua(q) = kakqb � qk, ka > 0

<latexit sha1_base64="QUsYFfast6ovRv8i8twARet72/g="></latexit>

Fa(q) = �rUa(q) = ka(qb � q)

<latexit sha1_base64="ZRFgXa/3Qf9mV+JEiRDURA2wANo="></latexit>

Fa(q) = �rUa(q) = ka
qb � q

kqb � qk

<latexit sha1_base64="7gm1fy9NYi63FB57I1BrDG39GbI=">AAACMXicbVDLSsNAFJ34rPHRVpdugo3gqiQF0WVBEJcV7AOaUCaTmzo0MwmZSbUM+RK3+gV+TXfi1p8wabOwrReGOZz7OIfjxSEV0rLm2tb2zu7efuVAPzw6PqnW6qc9EaUJgS6JwigZeFhASDl0JZUhDOIEMPNC6HuTu6Lfn0IiaMSf5CwGl+ExpwElWObUqFY1Td2ZglT32QjrpjmqNaymtShjE9glaKCyOqO6pjt+RFIGXJIQCzG0rVi6CieSkhAy3UkFxJhM8BiGOeSYgXDVwnlmXOaMbwRRkj8ujQX7d0NhJsSMefkkw/JZrPcK8t+eL4qDq+r+lMai1H9dGlh1J4NbV1EepxI4yQxDdzi8kIgxzH1VpJQNbVc5wEWaQKGplFN8XmA07CzL9Dw9ez2rTdBrNe3rpvXYarRbZY4VdI4u0BWy0Q1qowfUQV1EUIre0Dv60D61ufalfS9Ht7Ry5wytlPbzC5AfqK8=</latexit>

Fa

<latexit sha1_base64="7gm1fy9NYi63FB57I1BrDG39GbI=">AAACMXicbVDLSsNAFJ34rPHRVpdugo3gqiQF0WVBEJcV7AOaUCaTmzo0MwmZSbUM+RK3+gV+TXfi1p8wabOwrReGOZz7OIfjxSEV0rLm2tb2zu7efuVAPzw6PqnW6qc9EaUJgS6JwigZeFhASDl0JZUhDOIEMPNC6HuTu6Lfn0IiaMSf5CwGl+ExpwElWObUqFY1Td2ZglT32QjrpjmqNaymtShjE9glaKCyOqO6pjt+RFIGXJIQCzG0rVi6CieSkhAy3UkFxJhM8BiGOeSYgXDVwnlmXOaMbwRRkj8ujQX7d0NhJsSMefkkw/JZrPcK8t+eL4qDq+r+lMai1H9dGlh1J4NbV1EepxI4yQxDdzi8kIgxzH1VpJQNbVc5wEWaQKGplFN8XmA07CzL9Dw9ez2rTdBrNe3rpvXYarRbZY4VdI4u0BWy0Q1qowfUQV1EUIre0Dv60D61ufalfS9Ht7Ry5wytlPbzC5AfqK8=</latexit>

Fa

<latexit sha1_base64="MA8gDZjSPoFHx/dRlq9hWho4JYA=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVqM0SWJG5eYyCOhTTOdXnBCZ1o7U5RM+iVu9Qv8GnbGrT9hC10IeJPJnJz7OCfHiwIqpGnOtdLW9s7uXnlfPzg8Oq5Uayc9ESYxgS4JgzAeeFhAQDl0JZUBDKIYMPMC6HuTu7zfn0IsaMgf5SwCh+ExpyNKsMwot1ppNHR7ClI9p66nNxputW42zUUZm8AqQB0V1XFrmm77IUkYcEkCLMTQMiPpKBxLSgJIdTsREGEywWMYZpBjBsJRC+epcZExvjEK4+xxaSzYvxsKMyFmzMsmGZZPYr2Xk//2fJEfXFX3pzQShf7r0sCqOzm6dRTlUSKBk9QwdJvDCwkZw9xXeUrp0HKUDVwkMeSaStn5542MupWmqZ6lZ61ntQl6raZ13TQfWvX2VZFjGZ2hc3SJLHSD2ugedVAXEZSgN/SOPrRPba59ad/L0ZJW7JyildJ+fgHd7ajc</latexit>qb

<latexit sha1_base64="MA8gDZjSPoFHx/dRlq9hWho4JYA=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVqM0SWJG5eYyCOhTTOdXnBCZ1o7U5RM+iVu9Qv8GnbGrT9hC10IeJPJnJz7OCfHiwIqpGnOtdLW9s7uXnlfPzg8Oq5Uayc9ESYxgS4JgzAeeFhAQDl0JZUBDKIYMPMC6HuTu7zfn0IsaMgf5SwCh+ExpyNKsMwot1ppNHR7ClI9p66nNxputW42zUUZm8AqQB0V1XFrmm77IUkYcEkCLMTQMiPpKBxLSgJIdTsREGEywWMYZpBjBsJRC+epcZExvjEK4+xxaSzYvxsKMyFmzMsmGZZPYr2Xk//2fJEfXFX3pzQShf7r0sCqOzm6dRTlUSKBk9QwdJvDCwkZw9xXeUrp0HKUDVwkMeSaStn5542MupWmqZ6lZ61ntQl6raZ13TQfWvX2VZFjGZ2hc3SJLHSD2ugedVAXEZSgN/SOPrRPba59ad/L0ZJW7JyildJ+fgHd7ajc</latexit>qb

<latexit sha1_base64="MA8gDZjSPoFHx/dRlq9hWho4JYA=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVqM0SWJG5eYyCOhTTOdXnBCZ1o7U5RM+iVu9Qv8GnbGrT9hC10IeJPJnJz7OCfHiwIqpGnOtdLW9s7uXnlfPzg8Oq5Uayc9ESYxgS4JgzAeeFhAQDl0JZUBDKIYMPMC6HuTu7zfn0IsaMgf5SwCh+ExpyNKsMwot1ppNHR7ClI9p66nNxputW42zUUZm8AqQB0V1XFrmm77IUkYcEkCLMTQMiPpKBxLSgJIdTsREGEywWMYZpBjBsJRC+epcZExvjEK4+xxaSzYvxsKMyFmzMsmGZZPYr2Xk//2fJEfXFX3pzQShf7r0sCqOzm6dRTlUSKBk9QwdJvDCwkZw9xXeUrp0HKUDVwkMeSaStn5542MupWmqZ6lZ61ntQl6raZ13TQfWvX2VZFjGZ2hc3SJLHSD2ugedVAXEZSgN/SOPrRPba59ad/L0ZJW7JyildJ+fgHd7ajc</latexit>qb

<latexit sha1_base64="BdbSOiXgw+CboBw3LXfzEODHV5o=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVoSoksSNy4xkUdCm2Y6veCEzrR2piiZ9Evc6hf4NeyMW3/CFroQ8CaTOTn3cU6OFwVUSNNcaKWd3b39g/KhfnR8clqp1s76IkxiAj0SBmE89LCAgHLoSSoDGEYxYOYFMPCmd3l/MINY0JA/ynkEDsMTTseUYJlRbrXSaOj2DKR6Tl1PbzTcat1smssytoFVgDoqquvWNN32Q5Iw4JIEWIiRZUbSUTiWlASQ6nYiIMJkiicwyiDHDISjls5T4ypjfGMcxtnj0liyfzcUZkLMmZdNMiyfxGYvJ//t+SI/uK7uz2gkCv3XlYF1d3J86yjKo0QCJ6lh6DaHFxIyhrmv8pTSkeUoG7hIYsg1lbLzzxsbdStNUz1Lz9rMahv0W02r3TQfWvVOu8ixjC7QJbpGFrpBHXSPuqiHCErQG3pHH9qnttC+tO/VaEkrds7RWmk/v96HqN4=</latexit>qb

<latexit sha1_base64="BdbSOiXgw+CboBw3LXfzEODHV5o=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVoSoksSNy4xkUdCm2Y6veCEzrR2piiZ9Evc6hf4NeyMW3/CFroQ8CaTOTn3cU6OFwVUSNNcaKWd3b39g/KhfnR8clqp1s76IkxiAj0SBmE89LCAgHLoSSoDGEYxYOYFMPCmd3l/MINY0JA/ynkEDsMTTseUYJlRbrXSaOj2DKR6Tl1PbzTcat1smssytoFVgDoqquvWNN32Q5Iw4JIEWIiRZUbSUTiWlASQ6nYiIMJkiicwyiDHDISjls5T4ypjfGMcxtnj0liyfzcUZkLMmZdNMiyfxGYvJ//t+SI/uK7uz2gkCv3XlYF1d3J86yjKo0QCJ6lh6DaHFxIyhrmv8pTSkeUoG7hIYsg1lbLzzxsbdStNUz1Lz9rMahv0W02r3TQfWvVOu8ixjC7QJbpGFrpBHXSPuqiHCErQG3pHH9qnttC+tO/VaEkrds7RWmk/v96HqN4=</latexit>qb

<latexit sha1_base64="Gbb3nmKgPYuuBDv0FyJIyxRTsFg=">AAACLXicbVDLSsNAFJ3UV42vVpdugqngqiQV0WXBjcsK9gFNKJPJbR2amaSZSbUM+Q63+gV+jQtB3PobJm0WtvXCMIdzH+dwvCigQlrWp1ba2Nza3inv6nv7B4dHlepxR4RJTKBNwiCMex4WEFAObUllAL0oBsy8ALre+Dbvd6cQCxryBzmLwGV4xOmQEiwzyq3VdGcKUk1SvVYbVEyrbs3LWAd2AUxUVGtQ1XTHD0nCgEsSYCH6thVJV+FYUhJAqjuJgAiTMR5BP4McMxCumrtOjfOM8Y1hGGePS2PO/t1QmAkxY142ybB8FKu9nPy354v84LK6P6WRKPSfFwaW3cnhjasojxIJnKSGoTscnkjIGOa+yjNK+7arHOAiiSHXVMrJP29omHaapnqWnr2a1TroNOr2Vd26b5jNyyLHMjpFZ+gC2egaNdEdaqE2ImiCXtAretPetQ/tS/tejJa0YucELZX28wu73KfW</latexit>q

<latexit sha1_base64="qO/yE13BzyeVWKoexqGBfGoC/iM="></latexit>

kqb � qk = 1
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1) Fonction quadratique : paraboloïde 2) Fonction linéaire : cône

Les deux fonctions sont affichées pour

Champs de potentiel
Potentiels attractifs

<latexit sha1_base64="PPDYatyxJsz5XKk5VQK7gcvBqRA=">AAACLXicbVDLSsNAFJ3UV42vVpduBlPBVUkqohuh4MZlBfuAJpTJ5LYOzUxiZlItId/hVr/Ar3EhiFt/w6TNwrZeGOZw7uMcjhv6TCrT/NRKa+sbm1vlbX1nd2//oFI97Mggjii0aeAHUc8lEnwmoK2Y8qEXRkC460PXHd/k/e4EIskCca+mITicjAQbMkpURjm1mj4eEHyNLb1WG1QMs27OCq8CqwAGKqo1qGq67QU05iAU9YmUfcsMlZOQSDHqQ6rbsYSQ0DEZQT+DgnCQTjJzneLTjPHwMIiyJxSesX83EsKlnHI3m+REPcjlXk7+2/NkfnBR3ZuwUBb6z3MDi+7U8MpJmAhjBYKmGOu2gCcacE6El9gTUGnfchIbhIwjyDWTxM4/d4gNK01TPUvPWs5qFXQadeuibt41jOZ5kWMZHaMTdIYsdIma6Ba1UBtR9Ihe0Ct60961D+1L+56PlrRi5wgtlPbzC5KMpps=</latexit>

ka = 1

<latexit sha1_base64="wJQ45vp01UTijVhBDDx6WPtBdVE=">AAACJ3icbVDLSsNAFJ3xWeOr1aWbYCK4KklB7LLgxmUF+4AmlMnktg7NTEJmUltCPsKtfoFf40506Z+YtFnY1gvDHM59nMPxooBJZVnfeGt7Z3dvv3KgHR4dn5xWa2ddGSYxhQ4NgzDue0RCwAR0FFMB9KMYCPcC6HmTu6Lfm0IsWSge1TwCl5OxYCNGicqpnmlqM800h1XDqluL0jeBXQIDldUe1rDm+CFNOAhFAyLlwLYi5aYkVowGkGlOIiEidELGMMihIBykmy78ZvpVzvj6KIzzJ5S+YP9upIRLOedePsmJepLrvYL8t+fL4uCquj9lkSz1Z0sDq+7UqOmmTESJAkEzXdccAc805JwIP3WmoLKB7aYOCJnEUGimqVN83kg37CzLtDw9ez2rTdBt1O2buvXQMFrNMscKukCX6BrZ6Ba10D1qow6iaIJe0Ct6w+/4A3/ir+XoFi53ztFK4Z9fQkWlAw==</latexit>x

<latexit sha1_base64="hvmhw94qEs3AUZtZxgGfwoTB66o=">AAACJ3icbVDLSsNAFJ3UV42vVpdugongqiQFscuCG5cV7AOaUCaT2zo0MwmZSbUM+Qi3+gV+jTvRpX9i0mZhWy8Mczj3cQ7Hj0MqpG1/a5Wt7Z3dveq+fnB4dHxSq5/2RJQmBLokCqNk4GMBIeXQlVSGMIgTwMwPoe9Pb4t+fwaJoBF/kPMYPIYnnI4pwTKn+palz3XLGtVMu2EvytgETglMVFZnVNd0N4hIyoBLEmIhho4dS0/hRFISQqa7qYAYkymewDCHHDMQnlr4zYzLnAmMcZTkj0tjwf7dUJgJMWd+PsmwfBTrvYL8txeI4uCqejCjsSj1n5cGVt3JcctTlMepBE4yw9BdDk8kYgzzQLkzkNnQ8ZQLXKQJFJpKucXnjw3TybJMz9Nz1rPaBL1mw7lu2PdNs90qc6yic3SBrpCDblAb3aEO6iKCpugFvaI37V370D61r+VoRSt3ztBKaT+/RAWlBA==</latexit>y

<latexit sha1_base64="i9V1logdcN587jnSNDfyv4Q7cyk=">AAACKXicbVDLSsNAFJ34rPHV6tJNMBFclaQgdllw47KCaStNKJPJTR2amYTMpFpCvsKtfoFf407d+iMmbRa29cIwh3Mf53C8OKRCmuaXsrG5tb2zW9tT9w8Oj47rjZOeiNKEgE2iMEoGHhYQUg62pDKEQZwAZl4IfW9yU/b7U0gEjfi9nMXgMjzmNKAEy4J6MAzVHmHVMEZ13Wya89LWgVUBHVXVHTUU1fEjkjLgkoRYiKFlxtLNcCIpCSFXnVRAjMkEj2FYQI4ZCDebO861i4LxtSBKiselNmf/bmSYCTFjXjHJsHwUq72S/Lfni/Lgsro/pbGo9J8XBpbdyaDtZpTHqQROck1THQ5PJGIMcz9zpiDzoeVmDnCRJlBqZplTfl6g6Vae52qRnrWa1TrotZrWVdO8a+mddpVjDZ2hc3SJLHSNOugWdZGNCGLoBb2iN+Vd+VA+le/F6IZS7ZyipVJ+fgGhFaW0</latexit>

Ua
<latexit sha1_base64="i9V1logdcN587jnSNDfyv4Q7cyk=">AAACKXicbVDLSsNAFJ34rPHV6tJNMBFclaQgdllw47KCaStNKJPJTR2amYTMpFpCvsKtfoFf407d+iMmbRa29cIwh3Mf53C8OKRCmuaXsrG5tb2zW9tT9w8Oj47rjZOeiNKEgE2iMEoGHhYQUg62pDKEQZwAZl4IfW9yU/b7U0gEjfi9nMXgMjzmNKAEy4J6MAzVHmHVMEZ13Wya89LWgVUBHVXVHTUU1fEjkjLgkoRYiKFlxtLNcCIpCSFXnVRAjMkEj2FYQI4ZCDebO861i4LxtSBKiselNmf/bmSYCTFjXjHJsHwUq72S/Lfni/Lgsro/pbGo9J8XBpbdyaDtZpTHqQROck1THQ5PJGIMcz9zpiDzoeVmDnCRJlBqZplTfl6g6Vae52qRnrWa1TrotZrWVdO8a+mddpVjDZ2hc3SJLHSNOugWdZGNCGLoBb2iN+Vd+VA+le/F6IZS7ZyipVJ+fgGhFaW0</latexit>

Ua

<latexit sha1_base64="wJQ45vp01UTijVhBDDx6WPtBdVE=">AAACJ3icbVDLSsNAFJ3xWeOr1aWbYCK4KklB7LLgxmUF+4AmlMnktg7NTEJmUltCPsKtfoFf40506Z+YtFnY1gvDHM59nMPxooBJZVnfeGt7Z3dvv3KgHR4dn5xWa2ddGSYxhQ4NgzDue0RCwAR0FFMB9KMYCPcC6HmTu6Lfm0IsWSge1TwCl5OxYCNGicqpnmlqM800h1XDqluL0jeBXQIDldUe1rDm+CFNOAhFAyLlwLYi5aYkVowGkGlOIiEidELGMMihIBykmy78ZvpVzvj6KIzzJ5S+YP9upIRLOedePsmJepLrvYL8t+fL4uCquj9lkSz1Z0sDq+7UqOmmTESJAkEzXdccAc805JwIP3WmoLKB7aYOCJnEUGimqVN83kg37CzLtDw9ez2rTdBt1O2buvXQMFrNMscKukCX6BrZ6Ba10D1qow6iaIJe0Ct6w+/4A3/ir+XoFi53ztFK4Z9fQkWlAw==</latexit>x

<latexit sha1_base64="hvmhw94qEs3AUZtZxgGfwoTB66o=">AAACJ3icbVDLSsNAFJ3UV42vVpdugongqiQFscuCG5cV7AOaUCaT2zo0MwmZSbUM+Qi3+gV+jTvRpX9i0mZhWy8Mczj3cQ7Hj0MqpG1/a5Wt7Z3dveq+fnB4dHxSq5/2RJQmBLokCqNk4GMBIeXQlVSGMIgTwMwPoe9Pb4t+fwaJoBF/kPMYPIYnnI4pwTKn+palz3XLGtVMu2EvytgETglMVFZnVNd0N4hIyoBLEmIhho4dS0/hRFISQqa7qYAYkymewDCHHDMQnlr4zYzLnAmMcZTkj0tjwf7dUJgJMWd+PsmwfBTrvYL8txeI4uCqejCjsSj1n5cGVt3JcctTlMepBE4yw9BdDk8kYgzzQLkzkNnQ8ZQLXKQJFJpKucXnjw3TybJMz9Nz1rPaBL1mw7lu2PdNs90qc6yic3SBrpCDblAb3aEO6iKCpugFvaI37V370D61r+VoRSt3ztBKaT+/RAWlBA==</latexit>y
<latexit sha1_base64="aYMii5mTxlZJlaFoY/5Q1I1kuvE="></latexit>qb

<latexit sha1_base64="aYMii5mTxlZJlaFoY/5Q1I1kuvE="></latexit>qb
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Pour un obstacle convexe , on peut définir le potentiel:                                   

avec                            (     est le nombre d’obstacles), étant:

: distance minimale entre la position 
du robot     et les points         de l’obstacle 

: rayon d'influence de l'obstacle

robot

obstacle 

Champs de potentiel
Potentiels répulsifs

<latexit sha1_base64="Xzys4X5dlqMcSL/TtcYE3xtYFPU=">AAACNXicbVDLSsNAFJ3UV42v1i7dBFvBVUmKosuCG3dWsA9oQplMbuvQzCRkJtUy5Fvc6hf4LS7ciVt/wSTNwrYeGDicc+/cw3FDnwppmh9aaWNza3unvKvv7R8cHlWqxz0RxBGBLgn8IBq4WIBPOXQllT4Mwggwc33ou9ObzO/PIBI04A9yHoLD8ITTMSVYptKoUms0dJth+Uiwr+6SEdUbjVGlbjbNHMY6sQpSRwU6o6qm215AYgZcEh8LMbTMUDoKR5ISHxLdjgWEmEzxBIYp5ZiBcFSePjHOUsUzxkGUPi6NXP27oTATYs7cdDILKla9TPzX80T24fJ1b0ZDUdx/XgRYTifH146iPIwlcJIYhm5zeCIBY5h7yp6BTIaWo2zgIo4gu6lU3p87NupWkiR62p612tU66bWa1mXTvG/V2xdFj2V0gk7RObLQFWqjW9RBXUTQHL2gV/SmvWuf2pf2vRgtacVODS1B+/kFCTyqdQ==</latexit>

Oi

<latexit sha1_base64="Xzys4X5dlqMcSL/TtcYE3xtYFPU=">AAACNXicbVDLSsNAFJ3UV42v1i7dBFvBVUmKosuCG3dWsA9oQplMbuvQzCRkJtUy5Fvc6hf4LS7ciVt/wSTNwrYeGDicc+/cw3FDnwppmh9aaWNza3unvKvv7R8cHlWqxz0RxBGBLgn8IBq4WIBPOXQllT4Mwggwc33ou9ObzO/PIBI04A9yHoLD8ITTMSVYptKoUms0dJth+Uiwr+6SEdUbjVGlbjbNHMY6sQpSRwU6o6qm215AYgZcEh8LMbTMUDoKR5ISHxLdjgWEmEzxBIYp5ZiBcFSePjHOUsUzxkGUPi6NXP27oTATYs7cdDILKla9TPzX80T24fJ1b0ZDUdx/XgRYTifH146iPIwlcJIYhm5zeCIBY5h7yp6BTIaWo2zgIo4gu6lU3p87NupWkiR62p612tU66bWa1mXTvG/V2xdFj2V0gk7RObLQFWqjW9RBXUTQHL2gV/SmvWuf2pf2vRgtacVODS1B+/kFCTyqdQ==</latexit>

Oi

<latexit sha1_base64="ZGOqiSdFFy4xB8zoTxhs4yma5CM="></latexit>

i 2 {1, . . . , N}

<latexit sha1_base64="CTUl301wCk4g0ETq8CaonyFVh/E="></latexit>

⇢(q, qo,i)

<latexit sha1_base64="KNQbFQvfJLjgjkfOexcmORUOB3E=">AAACMnicbVDLSsNAFJ34rPHV6tJNsBVcSEkKosuCG5cV7AOaUCaT23ZoZiZkJtUy5E/c6hf4M7oTt36ESZuFbb0wzOHcxzkcPwqpVLb9YWxsbm3v7Jb2zP2Dw6PjcuWkI0USE2gTEYq452MJIeXQVlSF0ItiwMwPoetP7vJ+dwqxpII/qlkEHsMjToeUYJVRg3K5VjPdeCwGWlzR1KzVBuWqXbfnZa0DpwBVVFRrUDFMNxAkYcAVCbGUfceOlKdxrCgJITXdREKEyQSPoJ9BjhlIT8+tp9ZFxgTWUMTZ48qas383NGZSzpifTTKsxnK1l5P/9gKZH1xWD6Y0koX+88LAsjs1vPU05VGigJPUskyXwxMRjGEeaHcKKu07nnaByySGXFNrN//8oVV10jQ1s/Sc1azWQadRd67r9kOj2qwXOZbQGTpHl8hBN6iJ7lELtRFBU/SCXtGb8W58Gl/G92J0wyh2TtFSGT+/UCSpDA==</latexit>⇢o,i

<latexit sha1_base64="6dFSMgRXzdrXPT66COkh8dHxCfU=">AAACJ3icbVDLSsNAFJ3xWeOr1aWbYCK4KklBdFlw47KCfUATymRyU4dmJiEzqZaQj3CrX+DXuBNd+icmbRa29cIwh3Mf53C8OGRSWdY33tjc2t7Zre1p+weHR8f1xklPRmlCoUujMEoGHpEQMgFdxVQIgzgBwr0Q+t7ktuz3p5BIFokHNYvB5WQsWMAoUQXVN02NaaY5qhtW05qXvg7sChioqs6ogTXHj2jKQSgaEimHthUrNyOJYjSEXHNSCTGhEzKGYQEF4SDdbO431y8KxteDKCmeUPqc/buRES7ljHvFJCfqUa72SvLfni/Lg8vq/pTFstJ/XhhYdqeCGzdjIk4VCJrruuYIeKIR50T4mTMFlQ9tN3NAyDSBUjPLnPLzAt2w8zzXivTs1azWQa/VtK+a1n3LaDerHGvoDJ2jS2Sja9RGd6iDuoiiCXpBr+gNv+MP/Im/FqMbuNo5RUuFf34BJQOk6g==</latexit>

i

<latexit sha1_base64="x8gIAq3vSE4jnRF5N6/1xaLW4LA="></latexit>

⇢(q, qo,i) = min
qo,i 2Oi

kq� qo,ik
<latexit sha1_base64="ByQCMeCT5UCk2XfvhrhF3saRfZE=">AAACLXicbVDLSsNAFJ3UV42vVpdugqngqiRF0WXBjcsK9gFNKJPJbR2amaSZSbUM+Q63+gV+jQtB3PobJm0WtvXCMIdzH+dwvCigQlrWp1ba2Nza3inv6nv7B4dHlepxR4RJTKBNwiCMex4WEFAObUllAL0oBsy8ALre+Dbvd6cQCxryBzmLwGV4xOmQEiwzyq3VdGcKUk1SvVYbVEyrbs3LWAd2AUxUVGtQ1XTHD0nCgEsSYCH6thVJV+FYUhJAqjuJgAiTMR5BP4McMxCumrtOjfOM8Y1hGGePS2PO/t1QmAkxY142ybB8FKu9nPy354v84LK6P6WRKPSfFwaW3cnhjasojxIJnKSGoTscnkjIGOa+yjNK+7arHOAiiSHXVMrJP29omHaapnqWnr2a1TroNOr2Vd26b5jNyyLHMjpFZ+gC2egaNdEdaqE2ImiCXtAretPetQ/tS/tejJa0YucELZX28wu8KafX</latexit>q <latexit sha1_base64="RCsxTZ+UQ1tK6A/FF0E82YdaTOA=">AAACNXicbVDLSsNAFJ34rPHV2qWbYCq4kJIURZcFNy4r2Co0oUwmt3VoZhIzk2oZ5lvc6hf4LS7ciVt/waTNwqoXhjmc+ziHEyQRFdJx3oyl5ZXVtfXKhrm5tb2zW63t9UScpQS6JI7i9DbAAiLKoSupjOA2SQGzIIKbYHxR9G8mkAoa82s5TcBneMTpkBIsc2pQrTcapjcBqe71QMXHVJuNxqBqO01nVtZf4JbARmV1BjXD9MKYZAy4JBEWou86ifQVTiUlEWjTywQkmIzxCPo55JiB8NXMvbYOcya0hnGaPy6tGftzQ2EmxJQF+STD8k787hXkv71QFAcX1cMJTUSp/zg3sOhODs99RXmSSeBEW5bpcXggMWOYh6pISvddX3nARZZCoamUV3zB0LJdrbWZp+f+zuov6LWa7mnTuWrZ7ZMyxwraRwfoCLnoDLXRJeqgLiJoip7QM3oxXo1348P4nI8uGeVOHS2U8fUNVHCqnw==</latexit>qo,i

<latexit sha1_base64="v35QwcCi8h/1nwfQ41KECjxh8Z8=">AAACJ3icbVDLSsNAFJ34rPHV6tJNMBFclaQguiy4cVnBPqAJZTK5qUMzk5CZVMuQj3CrX+DXuBNd+icmbRa29cIwh3Mf53D8JKJC2va3trG5tb2zW9vT9w8Oj47rjZOeiLOUQJfEUZwOfCwgohy6ksoIBkkKmPkR9P3JbdnvTyEVNOYPcpaAx/CY05ASLAuqb1k61S1rVDftpj0vYx04FTBRVZ1RQ9PdICYZAy5JhIUYOnYiPYVTSUkEue5mAhJMJngMwwJyzEB4au43Ny4KJjDCOC0el8ac/buhMBNixvxikmH5KFZ7JflvLxDlwWX1YEoTUek/Lwwsu5PhjacoTzIJnOSGobscnkjMGOaBcqcg86HjKRe4yFIoNZVyy88PDdPJ81wv0nNWs1oHvVbTuWra9y2z3apyrKEzdI4ukYOuURvdoQ7qIoIm6AW9ojftXfvQPrWvxeiGVu2coqXSfn4BJjek7g==</latexit>

i
<latexit sha1_base64="v35QwcCi8h/1nwfQ41KECjxh8Z8=">AAACJ3icbVDLSsNAFJ34rPHV6tJNMBFclaQguiy4cVnBPqAJZTK5qUMzk5CZVMuQj3CrX+DXuBNd+icmbRa29cIwh3Mf53D8JKJC2va3trG5tb2zW9vT9w8Oj47rjZOeiLOUQJfEUZwOfCwgohy6ksoIBkkKmPkR9P3JbdnvTyEVNOYPcpaAx/CY05ASLAuqb1k61S1rVDftpj0vYx04FTBRVZ1RQ9PdICYZAy5JhIUYOnYiPYVTSUkEue5mAhJMJngMwwJyzEB4au43Ny4KJjDCOC0el8ac/buhMBNixvxikmH5KFZ7JflvLxDlwWX1YEoTUek/Lwwsu5PhjacoTzIJnOSGobscnkjMGOaBcqcg86HjKRe4yFIoNZVyy88PDdPJ81wv0nNWs1oHvVbTuWra9y2z3apyrKEzdI4ukYOuURvdoQ7qIoIm6AW9ojftXfvQPrWvxeiGVu2coqXSfn4BJjek7g==</latexit>

i

<latexit sha1_base64="ByQCMeCT5UCk2XfvhrhF3saRfZE=">AAACLXicbVDLSsNAFJ3UV42vVpdugqngqiRF0WXBjcsK9gFNKJPJbR2amaSZSbUM+Q63+gV+jQtB3PobJm0WtvXCMIdzH+dwvCigQlrWp1ba2Nza3inv6nv7B4dHlepxR4RJTKBNwiCMex4WEFAObUllAL0oBsy8ALre+Dbvd6cQCxryBzmLwGV4xOmQEiwzyq3VdGcKUk1SvVYbVEyrbs3LWAd2AUxUVGtQ1XTHD0nCgEsSYCH6thVJV+FYUhJAqjuJgAiTMR5BP4McMxCumrtOjfOM8Y1hGGePS2PO/t1QmAkxY142ybB8FKu9nPy354v84LK6P6WRKPSfFwaW3cnhjasojxIJnKSGoTscnkjIGOa+yjNK+7arHOAiiSHXVMrJP29omHaapnqWnr2a1TroNOr2Vd26b5jNyyLHMjpFZ+gC2egaNdEdaqE2ImiCXtAretPetQ/tS/tejJa0YucELZX28wu8KafX</latexit>q

<latexit sha1_base64="P/mNGkT6Fz+HBxjSX9ytsgUwK9Y=">AAACJ3icbVDLSsNAFJ3UV42vVpdugongqiQF0WXBjSupYB/QhDKZ3NahmUnITKplyEe41S/wa9yJLv0TkzYL23phmMO5j3M4fhxSIW37W6tsbG5t71R39b39g8OjWv24K6I0IdAhURglfR8LCCmHjqQyhH6cAGZ+CD1/clP0e1NIBI34g5zF4DE85nRECZY51bMs/U63rGHNtBv2vIx14JTARGW1h3VNd4OIpAy4JCEWYuDYsfQUTiQlIWS6mwqIMZngMQxyyDED4am538w4z5nAGEVJ/rg05uzfDYWZEDPm55MMy0ex2ivIf3uBKA4uqwdTGotS/3lhYNmdHF17ivI4lcBJZhi6y+GJRIxhHih3CjIbOJ5ygYs0gUJTKbf4/JFhOlmW6Xl6zmpW66DbbDiXDfu+abaaZY5VdIrO0AVy0BVqoVvURh1E0AS9oFf0pr1rH9qn9rUYrWjlzglaKu3nF/bopNM=</latexit>

N

<latexit sha1_base64="SdRxYhCvoC2GiyEOVqN1ByH83Uk=">AAACMnicbVDLSsNAFJ34rPGV6tJNsBVcSEkKRZcFNy4VrBaaECaT23YwMxMyk2oZ8idu9Qv8Gd2JWz/CpGZhWy8Mczj3cQ4nTGIqleO8Gyura+sbm7Utc3tnd2/fqh/cSZGlBHpExCLth1hCTDn0FFUx9JMUMAtjuA8fLsv+/QRSSQW/VdMEfIZHnA4pwaqgAstqNk0vHYtAizOam81mYDWcljMrexm4FWigqq6DumF6kSAZA65IjKUcuE6ifI1TRUkMuellEhJMHvAIBgXkmIH09cx6bp8UTGQPRVo8ruwZ+3dDYybllIXFJMNqLBd7JflvL5LlwXn1aEITWek//RqYd6eGF76mPMkUcJLbtulxeCSCMcwj7U1A5QPX1x5wmaVQamrtlV84tBtunudmkZ67mNUyuGu33E7LuWk3up0qxxo6QsfoFLnoHHXRFbpGPUTQBD2jF/RqvBkfxqfx9Tu6YlQ7h2iujO8fUj+pEw==</latexit>⇢o,i
<latexit sha1_base64="thOVzN+RtMFjHFb/m4A54exNWno="></latexit>

� 2 {2, 3, . . .}

<latexit sha1_base64="LPL9OVntk1jdFMHjViJE4D0myhY="></latexit>

Ur,i(q) =

8
><

>:

kr,i
�

✓
1

⇢(q, qo,i)
� 1

⇢o,i

◆�

si ⇢(q, qo,i)  ⇢o,i

0 si ⇢(q, qo,i) > ⇢o,i

<latexit sha1_base64="UAwrXM5i5FqvjsXuAra98vc2q6I="></latexit>

kr,i : constante positive
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Si      est grande, la “pente” du potentiel est forte (typiquement,            )

Contours équipotentiels
d’un potentiel répulsif

pour               ,obstacle 

obstacle 
obstacle

Champs de potentiel
Potentiels répulsifs

<latexit sha1_base64="v35QwcCi8h/1nwfQ41KECjxh8Z8=">AAACJ3icbVDLSsNAFJ34rPHV6tJNMBFclaQguiy4cVnBPqAJZTK5qUMzk5CZVMuQj3CrX+DXuBNd+icmbRa29cIwh3Mf53D8JKJC2va3trG5tb2zW9vT9w8Oj47rjZOeiLOUQJfEUZwOfCwgohy6ksoIBkkKmPkR9P3JbdnvTyEVNOYPcpaAx/CY05ASLAuqb1k61S1rVDftpj0vYx04FTBRVZ1RQ9PdICYZAy5JhIUYOnYiPYVTSUkEue5mAhJMJngMwwJyzEB4au43Ny4KJjDCOC0el8ac/buhMBNixvxikmH5KFZ7JflvLxDlwWX1YEoTUek/Lwwsu5PhjacoTzIJnOSGobscnkjMGOaBcqcg86HjKRe4yFIoNZVyy88PDdPJ81wv0nNWs1oHvVbTuWra9y2z3apyrKEzdI4ukYOuURvdoQ7qIoIm6AW9ojftXfvQPrWvxeiGVu2coqXSfn4BJjek7g==</latexit>

i
<latexit sha1_base64="zW4Ka0+sDW0ZYw5Kiio91N89xJM=">AAACLXicbVDLSsNAFJ34rPHV6tJNMBVcSEkKosuCG5cVTFtoQplMbuvQzCRmJtUy5Dvc6hf4NS4EcetvmLRZ2NYLwxzOfZzD8eOQCmlZn9ra+sbm1nZlR9/d2z84rNaOOiJKEwIOicIo6flYQEg5OJLKEHpxApj5IXT98U3R704gETTi93Iag8fwiNMhJVjmlFev685AJRc00+v1QdW0GtasjFVgl8BEZbUHNU13g4ikDLgkIRaib1ux9BROJCUhZLqbCogxGeMR9HPIMQPhqZnrzDjLmcAYRkn+uDRm7N8NhZkQU+bnkwzLB7HcK8h/e4EoDi6qBxMai1L/eW5g0Z0cXnuK8jiVwElmGLrL4YlEjGEeKHcCMuvbnnKBizSBQlMpt/j8oWHaWZbpeXr2claroNNs2JcN665ptppljhV0gk7RObLRFWqhW9RGDiLoEb2gV/SmvWsf2pf2PR9d08qdY7RQ2s8vEN6ndA==</latexit>

Ur,i
<latexit sha1_base64="VcfM3csAJxsBfXGi3wrq0TARpNY=">AAACM3icbVDLSsNAFJ3Ud3y1unQzmAoupCQF0Y1QcONSwVahCWUyua1DM5OQmbSWIZ/iVr/AjxF34tZ/MGmzsK0Xhjmc+ziH48chk8q2P4zKyura+sbmlrm9s7u3X60ddGSUJhTaNAqj5NEnEkImoK2YCuExToBwP4QHf3hd9B9GkEgWiXs1icHjZCBYn1GicqpXrdXr5rCnkzOW4SvsmPV6r2rZDXtaeBk4JbBQWbe9mmG6QURTDkLRkEjZdexYeZokitEQMtNNJcSEDskAujkUhIP09NR7hk9yJsD9KMmfUHjK/t3QhEs54X4+yYl6kou9gvy3F8ji4Lx6MGKxLPWfZwbm3an+paeZiFMFgmYYm66AMY04JyLQ7ghU1nU87YKQaQKFptZu8fl9bDlZlpl5es5iVsug02w45w37rmm1mmWOm+gIHaNT5KAL1EI36Ba1EUVj9IJe0ZvxbnwaX8b3bLRilDuHaK6Mn1+JoKiR</latexit>

kr,i = 1

<latexit sha1_base64="cPi/XASAVg/6jqhqnfyCjg/H978=">AAACJ3icbVDLSsNAFJ34rPHV6tJNMBFclaRQdFlw47KCfUATymRyW8dmJiEzqZYhH+FWv8CvcSe69E9M2ixs64VhDuc+zuH4cUiFtO1vbWNza3tnt7Kn7x8cHh1XayddEaUJgQ6Jwijp+1hASDl0JJUh9OMEMPND6PmTm6Lfm0IiaMTv5SwGj+ExpyNKsMypnmXpj7plDaumXbfnZawDpwQmKqs9rGm6G0QkZcAlCbEQA8eOpadwIikJIdPdVECMyQSPYZBDjhkIT839ZsZFzgTGKEryx6UxZ/9uKMyEmDE/n2RYPojVXkH+2wtEcXBZPZjSWJT6zwsDy+7k6NpTlMepBE4yw9BdDk8kYgzzQLlTkNnA8ZQLXKQJFJpKucXnjwzTybJMz9NzVrNaB91G3WnW7buG2WqWOVbQGTpHl8hBV6iFblEbdRBBE/SCXtGb9q59aJ/a12J0Qyt3TtFSaT+/KN6k8g==</latexit>

j

<latexit sha1_base64="qxIlUJElPb7F38FYaMch4ACVBBU=">AAACMnicbVDLSsNAFJ34rPHV6tLNYCK4KklFdCMU3LisYB/QhDKZ3NahmUnITKol5E/c6hf4M7oTt36ESZuFbb0wzOHcxzkcLwqYVJb1oa2tb2xubVd29N29/YPDau2oI8MkptCmYRDGPY9ICJiAtmIqgF4UA+FeAF1vfFv0uxOIJQvFg5pG4HIyEmzIKFE5NahWTVN3RoRzgm9wQzfNQdWw6tas8CqwS2CgslqDmqY7fkgTDkLRgEjZt61IuSmJFaMBZLqTSIgIHZMR9HMoCAfppjPrGT7LGR8Pwzh/QuEZ+3cjJVzKKffySU7Uo1zuFeS/PV8WBxfV/QmLZKn/PDew6E4Nr92UiShRIGiGse4IeKJhno7wU2cCKuvbbuqAkEkMhWaaOsXnDbFhZ1mm5+nZy1mtgk6jbl/WrfuG0bwoc6ygE3SKzpGNrlAT3aEWaiOKJugFvaI37V371L607/nomlbuHKOF0n5+Aag8qB8=</latexit>

� = 2

<latexit sha1_base64="qxIlUJElPb7F38FYaMch4ACVBBU=">AAACMnicbVDLSsNAFJ34rPHV6tLNYCK4KklFdCMU3LisYB/QhDKZ3NahmUnITKol5E/c6hf4M7oTt36ESZuFbb0wzOHcxzkcLwqYVJb1oa2tb2xubVd29N29/YPDau2oI8MkptCmYRDGPY9ICJiAtmIqgF4UA+FeAF1vfFv0uxOIJQvFg5pG4HIyEmzIKFE5NahWTVN3RoRzgm9wQzfNQdWw6tas8CqwS2CgslqDmqY7fkgTDkLRgEjZt61IuSmJFaMBZLqTSIgIHZMR9HMoCAfppjPrGT7LGR8Pwzh/QuEZ+3cjJVzKKffySU7Uo1zuFeS/PV8WBxfV/QmLZKn/PDew6E4Nr92UiShRIGiGse4IeKJhno7wU2cCKuvbbuqAkEkMhWaaOsXnDbFhZ1mm5+nZy1mtgk6jbl/WrfuG0bwoc6ygE3SKzpGNrlAT3aEWaiOKJugFvaI37V371L607/nomlbuHKOF0n5+Aag8qB8=</latexit>

� = 2

<latexit sha1_base64="mhZXqWMFbNUPI114Y+oGHR01zoE=">AAACMnicbVDLSsNAFJ3Ud3ylunQTTAUXUpKCj6XgxqWCrUITymRy2w7NzITMJCpD/sStfoE/oztx60eYtFlY9cIwh3Mf53DCJKZSue6b0VhYXFpeWV0z1zc2t7at5k5Piiwl0CUiFuldiCXElENXURXDXZICZmEMt+Hkourf5pBKKviNekwgYHjE6ZASrEpqYFmtlumnYzHQ4ogWZqs1sBy37U7L/gu8GjiorqtB0zD9SJCMAVckxlL2PTdRgcapoiSGwvQzCQkmEzyCfgk5ZiADPbVe2AclE9lDkZaPK3vK/tzQmEn5yMJykmE1lr97FflvL5LVwXn1KKeJrPUfZgbm3anhWaApTzIFnBS2bfoc7olgDPNI+zmoou8F2gcusxQqTa396guHtuMVRWGW6Xm/s/oLep22d9x2rzvO+Umd4yraQ/voEHnoFJ2jS3SFuoigHD2hZ/RivBrvxofxORttGPXOLpor4+sbUoypFA==</latexit>⇢o,i

<latexit sha1_base64="tVvC2HUbqwm8cVyfHL5TWLEs26s=">AAACLHicbVDLSsNAFJ3UV42vVpdugongqiSFosuCG5cV7AM6oUwmt3VoZhIyk2oJ+Q23+gV+jRsRt36HSZuFbb0wzOHcxzkcLwqYVLb9qVW2tnd296r7+sHh0fFJrX7ak2ESU+jSMAjjgUckBExAVzEVwCCKgXAvgL43vS36/RnEkoXiQc0jcDmZCDZmlKicwpal4wnhnOiWNaqZdsNelLEJnBKYqKzOqK7p2A9pwkEoGhAph44dKTclsWI0gEzHiYSI0CmZwDCHgnCQbrownRmXOeMb4zDOn1DGgv27kRIu5Zx7+SQn6lGu9wry354vi4Or6v6MRbLUf14aWHWnxjduykSUKBA0MwwdC3iiYZ6M8FM8A5UNHTfFIGQSQ6GZprj4vLFhOlmW6Xl6znpWm6DXbDithn3fNNutMscqOkcX6Ao56Bq10R3qoC6iKEIv6BW9ae/ah/alfS9HK1q5c4ZWSvv5BVcnpxk=</latexit>�
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Force repulsive résultant du potentiel               :

On peut définir le potentiel répulsif global (pour les obstacles), comme:

Champs de potentiel
Potentiels répulsifs

<latexit sha1_base64="yDsbHKSEpPD0tEwPngYbj3ictAQ=">AAACJ3icbVDLSsNAFJ3xWeOr1aWbYCK4KklFdFlw40oq2Ac0oUwmt3VoZhIyk2oJ+Qi3+gV+jTvRpX9i0mZhWy8Mczj3cQ7HiwImlWV947X1jc2t7cqOtru3f3BYrR11ZJjEFNo0DMK45xEJARPQVkwF0ItiINwLoOuNb4p+dwKxZKF4UNMIXE5Ggg0ZJSqnuqap3WmmOagaVt2alb4K7BIYqKzWoIY1xw9pwkEoGhAp+7YVKTclsWI0gExzEgkRoWMygn4OBeEg3XTmN9PPcsbXh2GcP6H0Gft3IyVcyin38klO1KNc7hXkvz1fFgcX1f0Ji2Sp/zw3sOhODa/dlIkoUSBopuuaI+CJhpwT4afOBFTWt93UASGTGArNNHWKzxvqhp1lmZanZy9ntQo6jbp9WbfuG0bzosyxgk7QKTpHNrpCTXSLWqiNKBqjF/SK3vA7/sCf+Gs+uobLnWO0UPjnF/c1pNQ=</latexit>

N

<latexit sha1_base64="hqXnOzbS9nDlX2c6zKGy2dajfW0="></latexit>

Ur(q) =
NX

i=1

Ur,i(q)

<latexit sha1_base64="3QlN0SqeD9hvakKR6pzetpaMzAQ="></latexit>

Ur,i(q)

<latexit sha1_base64="7mRx8pgHfoDqXmrQOcsl48Ycy8M="></latexit>

Fr,i(q) = �rUr,i(q)

=

8
><

>:

kr,i
⇢2(q, qo,i)

✓
1

⇢(q, qo,i)
� 1

⇢o,i

◆��1

r⇢(q, qo,i) si ⇢(q, qo,i)  ⇢o,i

0 si ⇢(q, qo,i) > ⇢o,i
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Potentiel total = potentiel attractif + potentiels répulsifs

Ceci se traduit par la force totale agissant sur le robot:

potentiel attractif potentiels répulsifs potentiel total

Champs de potentiel

<latexit sha1_base64="qP4bRqXQRF60pdpD6d/dJiMbaDo="></latexit>

Ut(q) = Ua(q) + Ur(q)

<latexit sha1_base64="C3euaMhvYgcTTRLx3NvejFYhjIw="></latexit>

Ft(q) = �rUt(q) = Fa(q) +
NX

i=1

Fr,i(q)

<latexit sha1_base64="UdBjl4xjYKi3qDNM0tYwvPbgBz0=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVoSH0sSNy4xkUdCm2Y6veCEzrR2piiZ9Evc6hf4NeyMW3/CFroQ8CaTOTn3cU6OFwVUSNOca6Wt7Z3dvfK+fnB4dFyp1k56IkxiAl0SBmE88LCAgHLoSioDGEQxYOYF0Pcmd3m/P4VY0JA/ylkEDsNjTkeUYJlRbrXSaOj2FKR6Tl1PbzTcat1smosyNoFVgDoqquPWNN32Q5Iw4JIEWIihZUbSUTiWlASQ6nYiIMJkgscwzCDHDISjFs5T4yJjfGMUxtnj0liwfzcUZkLMmJdNMiyfxHovJ//t+SI/uKruT2kkCv3XpYFVd3J06yjKo0QCJ6lh6DaHFxIyhrmv8pTSoeUoG7hIYsg1lbLzzxsZdStNUz1Lz1rPahP0Wk3rqmk+tOrt6yLHMjpD5+gSWegGtdE96qAuIihBb+gdfWif2lz70r6XoyWt2DlFK6X9/ALe1Kjf</latexit>qb
<latexit sha1_base64="UdBjl4xjYKi3qDNM0tYwvPbgBz0=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVoSH0sSNy4xkUdCm2Y6veCEzrR2piiZ9Evc6hf4NeyMW3/CFroQ8CaTOTn3cU6OFwVUSNOca6Wt7Z3dvfK+fnB4dFyp1k56IkxiAl0SBmE88LCAgHLoSioDGEQxYOYF0Pcmd3m/P4VY0JA/ylkEDsNjTkeUYJlRbrXSaOj2FKR6Tl1PbzTcat1smosyNoFVgDoqquPWNN32Q5Iw4JIEWIihZUbSUTiWlASQ6nYiIMJkgscwzCDHDISjFs5T4yJjfGMUxtnj0liwfzcUZkLMmJdNMiyfxHovJ//t+SI/uKruT2kkCv3XpYFVd3J06yjKo0QCJ6lh6DaHFxIyhrmv8pTSoeUoG7hIYsg1lbLzzxsZdStNUz1Lz1rPahP0Wk3rqmk+tOrt6yLHMjpD5+gSWegGtdE96qAuIihBb+gdfWif2lz70r6XoyWt2DlFK6X9/ALe1Kjf</latexit>qb



Obstacle

But
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Robot

Contours équipotentiels

Exemple illustratif

Champs de potentiel

<latexit sha1_base64="UdBjl4xjYKi3qDNM0tYwvPbgBz0=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVoSH0sSNy4xkUdCm2Y6veCEzrR2piiZ9Evc6hf4NeyMW3/CFroQ8CaTOTn3cU6OFwVUSNOca6Wt7Z3dvfK+fnB4dFyp1k56IkxiAl0SBmE88LCAgHLoSioDGEQxYOYF0Pcmd3m/P4VY0JA/ylkEDsNjTkeUYJlRbrXSaOj2FKR6Tl1PbzTcat1smosyNoFVgDoqquPWNN32Q5Iw4JIEWIihZUbSUTiWlASQ6nYiIMJkgscwzCDHDISjFs5T4yJjfGMUxtnj0liwfzcUZkLMmJdNMiyfxHovJ//t+SI/uKruT2kkCv3XpYFVd3J06yjKo0QCJ6lh6DaHFxIyhrmv8pTSoeUoG7hIYsg1lbLzzxsZdStNUz1Lz1rPahP0Wk3rqmk+tOrt6yLHMjpD5+gSWegGtdE96qAuIihBb+gdfWif2lz70r6XoyWt2DlFK6X9/ALe1Kjf</latexit>qb

<latexit sha1_base64="wbKgz7GMGymCuP4SM5RJ/Q6/doA="></latexit>qs
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Pour atteindre le but      , on peut utiliser la descente de gradient.        
À partir de:

si est la position initiale du robot, on peut mettre à jour         
sa position au fil du temps de la manière suivante:

Problème: convergence vers tout point critique      où
Il faut vérifier la dérivée seconde
de      : la matrice Hessienne de
doit être définie positive en 
pour avoir un minimum local

Champs de potentiel

<latexit sha1_base64="jMP7LPswdCs3pSYfqn4+EGoTSZw="></latexit>

q̇ = �rUt(q)

<latexit sha1_base64="r2KX5qW7SIQYc/R94vS2OlD6A2M=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjAxLkhLNLokceMSE3kktJLp9IITOtPamaJk0i9xq1/g17Azbv0JW+hCwJtM5uTcxzk5buhTIU1zphU2Nre2d4q7+t7+wWGpXDnqiCCOCLRJ4AdRz8UCfMqhLan0oRdGgJnrQ9cd32b97gQiQQP+IKchOAyPOB1SgmVKDcqlWk23JyDVc/J4oddqg3LVrJvzMtaBlYMqyqs1qGi67QUkZsAl8bEQfcsMpaNwJCnxIdHtWECIyRiPoJ9CjhkIR82dJ8ZZynjGMIjSx6UxZ/9uKMyEmDI3nWRYPonVXkb+2/NEdnBZ3ZvQUOT6rwsDy+7k8MZRlIexBE4Sw9BtDi8kYAxzT2UpJX3LUTZwEUeQaSplZ587NKpWkiR6mp61mtU66DTq1lXdvG9Um5d5jkV0gk7RObLQNWqiO9RCbURQjN7QO/rQPrWZ9qV9L0YLWr5zjJZK+/kFenmopA==</latexit>

q⇤ <latexit sha1_base64="eDIqxb8EhDdk9SaInCQROLo/gvY="></latexit>

rUt(q
⇤) = 0.

<latexit sha1_base64="jhavrqckbHpwYxSwQ3GmBYaNeM4=">AAACKXicbVDLToNAFB18Vny1unRDBBNXDTQaXTZx47Im0tYU0gzDpU7KDIQZqg3hK9zqF/g17tStPyK0LGzrTSZzcu7jnBwvDqmQpvmlrK1vbG5t13bU3b39g8N646grojQhYJMojJK+hwWElIMtqQyhHyeAmRdCzxvflP3eBBJBI34vpzG4DI84DSjBsqAeDEO1h1I1jGFdN5vmrLRVYFVAR1V1hg1FdfyIpAy4JCEWYmCZsXQznEhKQshVJxUQYzLGIxgUkGMGws1mjnPtrGB8LYiS4nGpzdi/GxlmQkyZV0wyLB/Fcq8k/+35ojy4qO5PaCwq/ee5gUV3Mrh2M8rjVAInuaapDocnEjGGuZ85E5D5wHIzB7hIEyg1s8wpPy/QdCvPc7VIz1rOahV0W03rsmnetfT2RZVjDZ2gU3SOLHSF2ugWdZCNCGLoBb2iN+Vd+VA+le/56JpS7RyjhVJ+fgHBIaXD</latexit>

Ut
<latexit sha1_base64="r2KX5qW7SIQYc/R94vS2OlD6A2M=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjAxLkhLNLokceMSE3kktJLp9IITOtPamaJk0i9xq1/g17Azbv0JW+hCwJtM5uTcxzk5buhTIU1zphU2Nre2d4q7+t7+wWGpXDnqiCCOCLRJ4AdRz8UCfMqhLan0oRdGgJnrQ9cd32b97gQiQQP+IKchOAyPOB1SgmVKDcqlWk23JyDVc/J4oddqg3LVrJvzMtaBlYMqyqs1qGi67QUkZsAl8bEQfcsMpaNwJCnxIdHtWECIyRiPoJ9CjhkIR82dJ8ZZynjGMIjSx6UxZ/9uKMyEmDI3nWRYPonVXkb+2/NEdnBZ3ZvQUOT6rwsDy+7k8MZRlIexBE4Sw9BtDi8kYAxzT2UpJX3LUTZwEUeQaSplZ587NKpWkiR6mp61mtU66DTq1lXdvG9Um5d5jkV0gk7RObLQNWqiO9RCbURQjN7QO/rQPrWZ9qV9L0YLWr5zjJZK+/kFenmopA==</latexit>

q⇤

<latexit sha1_base64="1RNurAKxkvRULnX0SNUPp3QGCRg="></latexit>

H(q⇤) =

2

4
@2 Ut
@x2

@2 Ut
@x @y

@2 Ut
@y @x

@2 Ut
@y2

3

5

������
q=q⇤

� 0

<latexit sha1_base64="UdBjl4xjYKi3qDNM0tYwvPbgBz0=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVoSH0sSNy4xkUdCm2Y6veCEzrR2piiZ9Evc6hf4NeyMW3/CFroQ8CaTOTn3cU6OFwVUSNOca6Wt7Z3dvfK+fnB4dFyp1k56IkxiAl0SBmE88LCAgHLoSioDGEQxYOYF0Pcmd3m/P4VY0JA/ylkEDsNjTkeUYJlRbrXSaOj2FKR6Tl1PbzTcat1smosyNoFVgDoqquPWNN32Q5Iw4JIEWIihZUbSUTiWlASQ6nYiIMJkgscwzCDHDISjFs5T4yJjfGMUxtnj0liwfzcUZkLMmJdNMiyfxHovJ//t+SI/uKruT2kkCv3XpYFVd3J06yjKo0QCJ6lh6DaHFxIyhrmv8pTSoeUoG7hIYsg1lbLzzxsZdStNUz1Lz1rPahP0Wk3rqmk+tOrt6yLHMjpD5+gSWegGtdE96qAuIihBb+gdfWif2lz70r6XoyWt2DlFK6X9/ALe1Kjf</latexit>qb

<latexit sha1_base64="CKXPgnVbEc7NcSLCr4mKE2rWzo8="></latexit>q0 = qs

<latexit sha1_base64="JRc5AE4S2Ix5cwv8OP39n0x5d5Y="></latexit>

qk+1 = qk + ↵k
Ft(qk)

kFt(qk)k
, ↵k > 0, k 2 {0, 1, . . .}

<latexit sha1_base64="jhavrqckbHpwYxSwQ3GmBYaNeM4=">AAACKXicbVDLToNAFB18Vny1unRDBBNXDTQaXTZx47Im0tYU0gzDpU7KDIQZqg3hK9zqF/g17tStPyK0LGzrTSZzcu7jnBwvDqmQpvmlrK1vbG5t13bU3b39g8N646grojQhYJMojJK+hwWElIMtqQyhHyeAmRdCzxvflP3eBBJBI34vpzG4DI84DSjBsqAeDEO1h1I1jGFdN5vmrLRVYFVAR1V1hg1FdfyIpAy4JCEWYmCZsXQznEhKQshVJxUQYzLGIxgUkGMGws1mjnPtrGB8LYiS4nGpzdi/GxlmQkyZV0wyLB/Fcq8k/+35ojy4qO5PaCwq/ee5gUV3Mrh2M8rjVAInuaapDocnEjGGuZ85E5D5wHIzB7hIEyg1s8wpPy/QdCvPc7VIz1rOahV0W03rsmnetfT2RZVjDZ2gU3SOLHSF2ugWdZCNCGLoBb2iN+Vd+VA+le/56JpS7RyjhVJ+fgHBIaXD</latexit>

Ut
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Contours équipotentiels Champ de force             résultant
(lignes de courant) 

Obstacle

Minimum local 
« zone d'ombre »

Minimum 
global (but)

Exemple: obstacle rectangulaire

Champs de potentiel

<latexit sha1_base64="Rq0FVbmVAK1M4+9uuWNorqd/t6c="></latexit>

Ft(q)

<latexit sha1_base64="2YWnV/2ZWsskFDV8xr894AY6/cw=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVoSI0sSNy4xkUdCm2Y6veCEzrR2piiZ9Evc6hf4NeyMW3/CFroQ8CaTOTn3cU6OFwVUSNNcaKWd3b39g/KhfnR8clqp1s76IkxiAj0SBmE89LCAgHLoSSoDGEYxYOYFMPCmd3l/MINY0JA/ynkEDsMTTseUYJlRbrXSaOj2DKR6Tl1PbzTcat1smssytoFVgDoqquvWNN32Q5Iw4JIEWIiRZUbSUTiWlASQ6nYiIMJkiicwyiDHDISjls5T4ypjfGMcxtnj0liyfzcUZkLMmZdNMiyfxGYvJ//t+SI/uK7uz2gkCv3XlYF1d3LcdhTlUSKBk9QwdJvDCwkZw9xXeUrpyHKUDVwkMeSaStn5542NupWmqZ6lZ21mtQ36raZ10zQfWvVOu8ixjC7QJbpGFrpFHXSPuqiHCErQG3pHH9qnttC+tO/VaEkrds7RWmk/v99uqOE=</latexit>qb
<latexit sha1_base64="2YWnV/2ZWsskFDV8xr894AY6/cw=">AAACMXicbVDLTsJAFJ3iC+sD0KWbRjBxRVoSI0sSNy4xkUdCm2Y6veCEzrR2piiZ9Evc6hf4NeyMW3/CFroQ8CaTOTn3cU6OFwVUSNNcaKWd3b39g/KhfnR8clqp1s76IkxiAj0SBmE89LCAgHLoSSoDGEYxYOYFMPCmd3l/MINY0JA/ynkEDsMTTseUYJlRbrXSaOj2DKR6Tl1PbzTcat1smssytoFVgDoqquvWNN32Q5Iw4JIEWIiRZUbSUTiWlASQ6nYiIMJkiicwyiDHDISjls5T4ypjfGMcxtnj0liyfzcUZkLMmZdNMiyfxGYvJ//t+SI/uK7uz2gkCv3XlYF1d3LcdhTlUSKBk9QwdJvDCwkZw9xXeUrpyHKUDVwkMeSaStn5542NupWmqZ6lZ21mtQ36raZ10zQfWvVOu8ixjC7QJbpGFrpFHXSPuqiHCErQG3pHH9qnttC+tO/VaEkrds7RWmk/v99uqOE=</latexit>qb



Champs de potentiel
• Problèmes

1. Minima locaux du potentiel dans certaines configurations
2. Pas de «décision» de la direction à prendre pour le robot 

• Solutions au 1er problème:
▫ Lorsque dans un minimum local, déclencher                                    

un comportement différent:
� Par ex. déplacement aléatoire, suivi de murs

▫ Hypothèse du « monde sphérique »: tous les obstacles ont une                  
forme sphérique. Le potentiel total a des points-selles isolés                     
(où le gradient est zéro), mais pas des minima locaux
▫ Fonctions de navigation [Rimon & Koditschek, TRA92], 

champs rotationnels, potentiel imposé en fonction 
harmonique*
� Les fonctions harmoniques garantissent l’absence de minima 

locaux, mais complexité élevée (résultats en simulation 
uniquement)
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* Une fonction harmonique est une fonction deux fois 
continûment dérivable qui satisfait l'équation de Laplace sur     , à savoir 

<latexit sha1_base64="sTblcnPgSX0nbl2vQp/gaSaSP6U=">AAACNnicbVDLSsNAFJ3UV42vVt25GWwFVyUpiG6Egi5cVrAPaEKZTG7q0MwkZCbVGvIvbvUL/BU37sStn2DSZmGrF4Y5nPs4h+OEPpPKMN610srq2vpGeVPf2t7Z3atU97syiCMKHRr4QdR3iASfCegopnzohxEQ7vjQc8ZXeb83gUiyQNypaQg2JyPBPEaJyqhh5bBe161r8BXB2MOX2Gjo9fqwUjMaxqzwX2AWoIaKag+rmm65AY05CEV9IuXANEJlJyRSjPqQ6lYsISR0TEYwyKAgHKSdzOyn+CRjXOwFUfaEwjP290ZCuJRT7mSTnKh7udzLyX97rswPLqq7ExbKQv9xbmDRnfIu7ISJMFYgaIqxbgl4oAHnRLiJNQGVDkw7sUDIOIJcM0ms/HM8XDPTNNWz9MzlrP6CbrNhnjWM22at1SxyLKMjdIxOkYnOUQvdoDbqIIqe0DN6Qa/am/ahfWpf89GSVuwcoIXSvn8Ajw2o/w==</latexit>

�f = 0.

<latexit sha1_base64="fOtbackgqzEc2eGC22SUM+rNFnU="></latexit>

f : ⌦ ⇢ Rn ! R
<latexit sha1_base64="6TMzAUSebD7Kwwtjf8OYaRJRIpc=">AAACLHicbVDLSsNAFJ34rPHV6tJNMBFclaRQdFlw484K9gGdUCaT2zo0MwmZSbWE/IZb/QK/xo2IW7/DpM3Ctl4Y5nDu4xyOFwVMKtv+1DY2t7Z3dit7+v7B4dFxtXbSlWESU+jQMAjjvkckBExARzEVQD+KgXAvgJ43uSn6vSnEkoXiQc0icDkZCzZilKicwpal4zsOY6Jb1rBq2nV7XsY6cEpgorLaw5qmYz+kCQehaECkHDh2pNyUxIrRADIdJxIiQidkDIMcCsJBuuncdGZc5IxvjMI4f0IZc/bvRkq4lDPu5ZOcqEe52ivIf3u+LA4uq/tTFslS/3lhYNmdGl27KRNRokDQzDB0LOCJhpwT4ad4CiobOG6KQcgkhkIzTXHxeSPDdLIs0/P0nNWs1kG3UXeadfu+YbaaZY4VdIbO0SVy0BVqoVvURh1EUYRe0Ct60961D+1L+16MbmjlzilaKu3nFylVpv8=</latexit>

⌦



• Avantages: 
1)  Capacité de générer « en temps réel »             
des trajectoires pour éviter les obstacles
2)  Facilité de mise en œuvre

• Formalisme du schéma moteur
▫ Action sous forme de potentiel
▫ Dépend des perceptions

• Utilisation
▫ Bas-niveau dans une architecture hybride

20

Champs de potentiel: sommaire



Partie 4: Evitement d’obstacles

2. Vector field histogram (VFH)

21



Vector field histogram

1. Grille d’occupation (GO) locale
▫ Représentation statistique de l’environnement
▫ Discrétisation de l’espace en cellules               

de taille fixe
▫ Chaque cellule contient une probabilité  

� Haute si souvent perçue contenant                                   
un obstacle par le laser ou sonar 

� Faible sinon
▫ Mise à jour en continu (en temps réel)

22

p1

p2

GO
Secteurs
angulaires

“The Vector Field Histogram - Fast Obstacle Avoidance for Mobile Robots”,                    
Y. Koren, J. Borenstein, IEEE Trans. Robot. Autom., vol. 7, n. 3, pp. 278-288, 1991

Histogramme polaire

Robot

2. Histogramme d’occupation
Représente l’occupation de l’espace autour du robot

0° 180°

Seuil

-180°

<latexit sha1_base64="zTd3kx0+RN+7uEjS966aF4/4Mc8=">AAACKXicbVDLSsNAFJ34rPHV6tJNMBFclaQouiy4cVnBPqQJZTK5rUMzkyEzqZaQr3CrX+DXuFO3/ohJm4VtvTDM4dzHORxfhFQq2/7S1tY3Nre2Kzv67t7+wWG1dtSRURITaJMojOKejyWElENbURVCT8SAmR9C1x/fFP3uBGJJI36vpgI8hkecDinBKqceLEsXA6pb1qBq2nV7VsYqcEpgorJag5qmu0FEEgZckRBL2XdsobwUx4qSEDLdTSQITMZ4BP0ccsxAeunMcWac5UxgDKM4f1wZM/bvRoqZlFPm55MMq0e53CvIf3uBLA4uqgcTKmSp/zw3sOhODa+9lHKRKOAkMwzd5fBEIsYwD1J3AirrO17qApdJDIVmmrrF5w8N08myTM/Tc5azWgWdRt25rNt3DbN5UeZYQSfoFJ0jB12hJrpFLdRGBDH0gl7Rm/aufWif2vd8dE0rd47RQmk/v91XpdM=</latexit>pi

§ Historiquement inventé pour les sonars           
(capteurs à ultra-sons)

§ Robustesse aux incertitudes de modèle/mesure

q



1. Construction de la grille d’occupation (GO)
▫ Estimation de la position du robot                              

(cf. le chapitre 1: localisation par odométrie)
▫ Perception
▫ Mise à jour des cellules de la GO
� Modèle probabiliste: 
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Pour une perception donnée, nous fournit la probabilité 
d’occupation de la cellule    dans le champ de vue du capteur du robot, 
en fonction de la valeur renvoyée par le capteur

Vector field histogram

<latexit sha1_base64="y/K6fenQtOhwzLqmghoJgHIYQsE=">AAACJ3icbVDLSsNAFJ3UV42vVpdugongqiQV0WXBjcsK9gFNKJPJbR2amYTMpFqGfIRb/QK/xp3o0j8xabOwrReGOZz7OIfjxyEV0ra/tcrG5tb2TnVX39s/ODyq1Y+7IkoTAh0ShVHS97GAkHLoSCpD6McJYOaH0PMnt0W/N4VE0Ig/yFkMHsNjTkeUYJlTPcvShW5Zw5ppN+x5GevAKYGJymoP65ruBhFJGXBJQizEwLFj6SmcSEpCyHQ3FRBjMsFjGOSQYwbCU3O/mXGeM4ExipL8cWnM2b8bCjMhZszPJxmWj2K1V5D/9gJRHFxWD6Y0FqX+88LAsjs5uvEU5XEqgZPMMHSXwxOJGMM8UO4UZDZwPOUCF2kChaZSbvH5I8N0sizT8/Sc1azWQbfZcK4a9n3TbF2WOVbRKTpDF8hB16iF7lAbdRBBE/SCXtGb9q59aJ/a12K0opU7J2iptJ9fOASk+Q==</latexit>s

<latexit sha1_base64="uBkYNtwBSlMIDYoQmOFTmO3zf4k="></latexit>

p(occi | s)

<latexit sha1_base64="bJQyruUddwxduhoNRZazKWSmoM4="></latexit>

p(occi | s)
<latexit sha1_base64="EBnuoLUWQAV9OA78d4YYKaRL+m4=">AAACJ3icbVDLSsNAFJ3UV42vVpdugongqiQV0WXBjcsK9gFNKJPJbR2amYTMpFqGfIRb/QK/xp3o0j8xabOwrReGOZz7OIfjxyEV0ra/tcrG5tb2TnVX39s/ODyq1Y+7IkoTAh0ShVHS97GAkHLoSCpD6McJYOaH0PMnt0W/N4VE0Ig/yFkMHsNjTkeUYJlTPcvSqW5Zw5ppN+x5GevAKYGJymoP65ruBhFJGXBJQizEwLFj6SmcSEpCyHQ3FRBjMsFjGOSQYwbCU3O/mXGeM4ExipL8cWnM2b8bCjMhZszPJxmWj2K1V5D/9gJRHFxWD6Y0FqX+88LAsjs5uvEU5XEqgZPMMHSXwxOJGMM8UO4UZDZwPOUCF2kChaZSbvH5I8N0sizT8/Sc1azWQbfZcK4a9n3TbF2WOVbRKTpDF8hB16iF7lAbdRBBE/SCXtGb9q59aJ/a12K0opU7J2iptJ9fJoSk7w==</latexit>

i



Construction d’une GO
� Modèle probabiliste d’un capteur à ultra-sons
� Probabilité de mesure en fonction de la distance de l’obstacle:

Π

Perception
obstacle

Perception
obstacle
imprévu

Non perception:
mesure à la distance 

maximale

24

Résultat

dist. dist. dist. dist.

pdf pdf pdf pdf

<latexit sha1_base64="5UeHfa8bvX/T5RQoTN53dZJWv/4="></latexit>

p(obstacle | scan) =

MY

j=1

p(mesure j | distObstacle)



�

� Similaire au cas précédent
� Erreur gaussienne pour l’écart entre:
▫ La direction de la cellule
▫ La direction du capteur

� Objectif:
� Accumuler les mesures
� Estimer la probabilité de la cellule d’être occupée:

25

Construction d’une GO

<latexit sha1_base64="zqQtX41Vt1RNNn1E1TRL3T2zQPI=">AAACJ3icbVDLSsNAFJ34rPHV6tJNMBFclaQouiy4cVmhL2hCmUxu69DMJGQm1TLkI9zqF/g17kSX/olJm4VtvTDM4dzHORw/DqmQtv2tbWxube/sVvb0/YPDo+Nq7aQrojQh0CFRGCV9HwsIKYeOpDKEfpwAZn4IPX9yV/R7U0gEjXhbzmLwGB5zOqIEy5zqWZbe1i1rWDXtuj0vYx04JTBRWa1hTdPdICIpAy5JiIUYOHYsPYUTSUkIme6mAmJMJngMgxxyzEB4au43My5yJjBGUZI/Lo05+3dDYSbEjPn5JMPyUaz2CvLfXiCKg8vqwZTGotR/XhhYdidHt56iPE4lcJIZhu5yeCIRY5gHyp2CzAaOp1zgIk2g0FTKLT5/ZJhOlmV6np6zmtU66DbqznXdfmiYzasyxwo6Q+foEjnoBjXRPWqhDiJogl7QK3rT3rUP7VP7WoxuaOXOKVoq7ecXAhGk2w==</latexit>

T
<latexit sha1_base64="Mbmdzttrsk/qpECX8l3SZl4K9jE=">AAACNnicbVDLSsNAFJ3Ud3zVx85NMBVcSEkKPpaCG5cKrRaaECaTWx2amYTcSbWG/Itb/QJ/xY07cesnmLRZ2OqFYQ7nPs7h+HHIUVnWu1abm19YXFpe0VfX1jc261vbNxilCYMOi8Io6foUIeQSOoqrELpxAlT4Idz6g4uyfzuEBHkk22oUgyvoneR9zqgqKK++22jo6NlHThhECo/Qa+uNhlc3raY1LuMvsCtgkqquvC1Nd4KIpQKkYiFF7NlWrNyMJoqzEHLdSRFiygb0DnoFlFQAutnYfm4cFExg9KOkeFIZY/b3RkYF4kj4xaSg6h5neyX5by/A8uC0ejDkMVb6jxMD0+5U/8zNuIxTBZLlhqE7Eh5YJASVQeYMQeU9280ckJgmUGpmmVN+ft8w7TzP9SI9ezarv+Cm1bSPm9Z1yzw/qXJcJntknxwSm5ySc3JJrkiHMPJEnskLedXetA/tU/uajNa0ameHTJX2/QO8fKo/</latexit>s1, . . . , sT

<latexit sha1_base64="2pEhiK5fVVWaQZ8fR+ql3kRU4pM=">AAACJ3icbVDLSsNAFJ3UV42vVpdugongqiQFqcuCG5cV7AOaUCaT2zo0MwmZSbUM+Qi3+gV+jTvRpX9i0mZhWy8Mczj3cQ7Hj0MqpG1/a5Wt7Z3dveq+fnB4dHxSq5/2RJQmBLokCqNk4GMBIeXQlVSGMIgTwMwPoe9Pb4t+fwaJoBF/kPMYPIYnnI4pwTKn+palU92yRjXTbtiLMjaBUwITldUZ1TXdDSKSMuCShFiIoWPH0lM4kZSEkOluKiDGZIonMMwhxwyEpxZ+M+MyZwJjHCX549JYsH83FGZCzJmfTzIsH8V6ryD/7QWiOLiqHsxoLEr956WBVXdyfOMpyuNUAieZYeguhycSMYZ5oNwZyGzoeMoFLtIECk2l3OLzx4bpZFmm5+k561ltgl6z4Vw37Pum2W6VOVbRObpAV8hBLdRGd6iDuoigKXpBr+hNe9c+tE/tazla0cqdM7RS2s8vJ7ik8w==</latexit>

i

<latexit sha1_base64="uBkYNtwBSlMIDYoQmOFTmO3zf4k="></latexit>

p(occi | s)

<latexit sha1_base64="HGd1dFaouLq6MrdP/3hnj+Jrbk8="></latexit>

p(occTi ) = p(occi | s1, . . . , sT )



• Théorème de Bayes pour extraire la probabilité                   
en fonction de la dernière mesure    . Rappel que:

• Dans notre cas:
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Construction d’une GO

<latexit sha1_base64="Vt7boKO46aZHqMEnhzXXovOH3Hk=">AAACKXicbVDLSsNAFJ3UV42vVpdugongqiQFqcuCG5cV+pImlMnkpg7NTEJmUi0hX+FWv8Cvcadu/RGTNgvbemGYw7mPczhuFFAhTfNLqWxt7+zuVffVg8Oj45Na/bQvwiQm0CNhEMZDFwsIKIeepDKAYRQDZm4AA3d6W/QHM4gFDXlXziNwGJ5w6lOCZU49GIYqxl3VMMY13WyYi9I2gVUCHZXVGdcV1fZCkjDgkgRYiJFlRtJJcSwpCSBT7URAhMkUT2CUQ44ZCCddOM60y5zxND+M88eltmD/bqSYCTFnbj7JsHwU672C/LfnieLgqro3o5Eo9Z+XBlbdSf/GSSmPEgmcZJqm2hyeSMgY5l5qz0BmI8tJbeAiiaHQTFO7+Fxf060sy9Q8PWs9q03Qbzas64Z539TbrTLHKjpHF+gKWaiF2ugOdVAPEcTQC3pFb8q78qF8Kt/L0YpS7pyhlVJ+fgG+xKXE</latexit>sT
<latexit sha1_base64="P9JyM/4U7NI1xvWT3CaxvVQIDiM="></latexit>

p(x | y) =
p(y |x) p(x)

p(y)

<latexit sha1_base64="Olw9jofKJndMeWPk7dCcf52J5xE="></latexit>

p(occTi ) =
p(sT | occi, s1, . . . , sT�1) p(occ

T�1
i )

p(sT | s1, . . . , sT�1)

« Monde statique »: toutes les mesures sont conditionnellement indépendantes si on connaît            
la valeur d’une cellule de la GO (ce qui est faux en pratique et produit des limitations de la méthode)

• Avec une hypothèse de « monde statique », on simplifie:
<latexit sha1_base64="ffJy4ZAYESGx0JmWpD7fFt+5YTw="></latexit>

p(occTi ) =
p(sT | occi) p(occT�1

i )

p(sT | s1, . . . , sT�1)



� Notre modèle de capteur nous donne                   , alors 
nous le faisons apparaître (à nouveau, Théor. de Bayes):

� Mais la probabilité d’«inoccupation»
� La probabilité que la cellule soit vide est donc:
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Construction d’une GO

<latexit sha1_base64="tCVL6p9w9QlvGKCYeCfJkDJZxB0="></latexit>

p(occi | sT )

<latexit sha1_base64="ZBAdMRpzgxW59IHrZVwI1a/RIuM="></latexit>

p(occi) = 1� p(occi)
<latexit sha1_base64="hDMI5015cNhO2YwPmDjfhZL+GT8=">AAACJ3icbVDLSsNAFJ3UV42vVpdugongqiQFH8uCG5cV7AOaUCaT2zo0MwmZSbUM+Qi3+gV+jTvRpX9i0mZhWy8Mczj3cQ7Hj0MqpG1/a5WNza3tnequvrd/cHhUqx93RZQmBDokCqOk72MBIeXQkVSG0I8TwMwPoedPbot+bwqJoBF/kLMYPIbHnI4owTKnepalU92yhjXTbtjzMtaBUwITldUe1jXdDSKSMuCShFiIgWPH0lM4kZSEkOluKiDGZILHMMghxwyEp+Z+M+M8ZwJjFCX549KYs383FGZCzJifTzIsH8VqryD/7QWiOLisHkxpLEr954WBZXdydOMpyuNUAieZYeguhycSMYZ5oNwpyGzgeMoFLtIECk2l3OLzR4bpZFmm5+k5q1mtg26z4Vw27Pum2boqc6yiU3SGLpCDrlEL3aE26iCCJugFvaI37V370D61r8VoRSt3TtBSaT+/J2uk8g==</latexit>

i

<latexit sha1_base64="zCo89QshBplmIVC0JV+WtYUWX6E="></latexit>

p(occTi ) =
p(occi | sT ) p(sT )

p(occi)

p(occT�1
i )

p(sT | s1, . . . , sT�1)

<latexit sha1_base64="3a4e9PL+OcH8W+xDy3pc5GQSaVY="></latexit>

p(occTi ) =
p(occi | sT ) p(sT )

p(occi)

p(occT�1
i )

p(sT | s1, . . . , sT�1)



� Le rapport des deux probabilités nous donne:

� En sachant que                                      , tout est connu:

� Nous pourrions exprimer               , mais il est plus simple
déterminer la quantité:
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: logarithme 
naturel (de base e)

Construction d’une GO

<latexit sha1_base64="Hr6PTWz6WlxVy586dwROYdV3Irk=">AAACN3icbVDLSsNAFJ34rPHVKq7cBFuhgpSkIrosuHGpYK3QCWUyua2DmZmQmVTLkI9xq1/gp7hyJ279A5OahVUvDHM493EOJ4gjprTrvlpz8wuLS8uVFXt1bX1js1rbulYyTSh0qYxkchMQBRET0NVMR3ATJ0B4EEEvuDsr+r0xJIpJcaUnMficjAQbMkp0Tg2qO42GjSM5auJDTEOp8eGB3WgMqnW35U7L+Qu8EtRRWReDmmXjUNKUg9A0Ikr1PTfWviGJZjSCzMapgpjQOzKCfg4F4aB8M/WfOfs5EzpDmeRPaGfK/twwhCs14UE+yYm+Vb97BflvL1TFwVn1cMxiVeo/fBuYdaeHp75hIk41CJo5jo0F3FPJORGhwWPQWd/zDQah0gQKTWNw8QVDp+5lWWbn6Xm/s/oLrtst77jlXrbrnaMyxwraRXuoiTx0gjroHF2gLqLIoEf0hJ6tF+vNerc+vkfnrHJnG82U9fkF6feqSA==</latexit>

log( · )

<latexit sha1_base64="016Uyv41Y6fbcDAkekm+ikBobXY="></latexit>

p(occTi )

<latexit sha1_base64="Ul4ivgkds8cGfm2fTfgm3I96uTI="></latexit>

`Ti = log

✓
p(occTi )

1� p(occTi )

◆

<latexit sha1_base64="Tl4o82VfQVR7/5mrbXWbvsjhUBo="></latexit>

p(occTi )

p(occTi )
=

p(occi | sT )
p(occi | sT )

p(occT�1
i )

p(occT�1
i )

p(occi)

p(occi)

<latexit sha1_base64="fI+I4P9njDrO0NaKbbTYFCTkaMA="></latexit>

p(occTi )

1� p(occTi )
=

p(occi | sT )
1� p(occi | sT )

1� p(occT�1
i )

p(occT�1
i )

1� p(occi)

p(occi)

<latexit sha1_base64="ZBAdMRpzgxW59IHrZVwI1a/RIuM="></latexit>

p(occi) = 1� p(occi)



� Ce qui se calcule simplement par (rappel:                                           
et                                               )

� Mise à jour incrémentale de     . On utilise:  
� Les valeurs précédentes
� Le modèle de capteur

� généralement initialisée à ½ (l’initialisation intègre       
l’a priori sur le fait que l’environnement contienne plus                
ou moins d’obstacles)

� permet de calculer la probabilité d’occupation               :
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Construction d’une GO

<latexit sha1_base64="We5ioeupND8rtli5cQDOv/2bb28=">AAACLnicbVDLSsNAFJ34rPHV6tJNMBVclaQgdVlw47JCX9CkZTK5rUNnJiEzqZaQ/3CrX+DXCC7ErZ9h0mZhWy8Mczj3cQ7HCxmVyrI+ta3tnd29/dKBfnh0fHJarpx1ZRBHBDokYEHU97AERgV0FFUM+mEEmHsMet70Lu/3ZhBJGoi2mofgcjwRdEwJVhk1rFZ1BxgbtkdUr1ZHZdOqWYsyNoFdABMV1RpVNN3xAxJzEIowLOXAtkLlJjhSlDBIdSeWEGIyxRMYZFBgDtJNFrZT4ypjfGMcRNkTyliwfzcSzKWccy+b5Fg9yvVeTv7b82V+cFXdn9FQFvrPSwOr7tT41k2oCGMFgqSGoTsCnkjAORZ+4sxApQPbTRwQMo4g10wSJ/+8sWHaaZrqWXr2elaboFuv2Tc166FuNhtFjiV0gS7RNbJRAzXRPWqhDiIoQi/oFb1p79qH9qV9L0e3tGLnHK2U9vML4tmn4w==</latexit>

`Ti

<latexit sha1_base64="We5ioeupND8rtli5cQDOv/2bb28=">AAACLnicbVDLSsNAFJ34rPHV6tJNMBVclaQgdVlw47JCX9CkZTK5rUNnJiEzqZaQ/3CrX+DXCC7ErZ9h0mZhWy8Mczj3cQ7HCxmVyrI+ta3tnd29/dKBfnh0fHJarpx1ZRBHBDokYEHU97AERgV0FFUM+mEEmHsMet70Lu/3ZhBJGoi2mofgcjwRdEwJVhk1rFZ1BxgbtkdUr1ZHZdOqWYsyNoFdABMV1RpVNN3xAxJzEIowLOXAtkLlJjhSlDBIdSeWEGIyxRMYZFBgDtJNFrZT4ypjfGMcRNkTyliwfzcSzKWccy+b5Fg9yvVeTv7b82V+cFXdn9FQFvrPSwOr7tT41k2oCGMFgqSGoTsCnkjAORZ+4sxApQPbTRwQMo4g10wSJ/+8sWHaaZrqWXr2elaboFuv2Tc166FuNhtFjiV0gS7RNbJRAzXRPWqhDiIoQi/oFb1p79qH9qV9L0e3tGLnHK2U9vML4tmn4w==</latexit>

`Ti
<latexit sha1_base64="vLQwYoAvDCmk6D61QcX/EP1BHSw="></latexit>

p(occTi )

<latexit sha1_base64="dMVvU2idK20UIsp/hobJxUOJQNM=">AAACN3icbVDLTsJAFJ3iC+sLNK7cNIIJbkhLYnBJ4sYlJvJIaEOm0wtO6EybzhQhk36MW/0CP8WVO+PWP7CFLgS8yWROzn2ck+OGPhXSND+0wtb2zu5ecV8/ODw6PimVT7siiCMCHRL4QdR3sQCfcuhIKn3ohxFg5vrQcyd3Wb83hUjQgD/KeQgOw2NOR5RgmVLD0nm1qoc1W8JMqoCQZEiv9Wp1WKqYdXNRxiawclBBebWHZU23vYDEDLgkPhZiYJmhdBSOJCU+JLodCwgxmeAxDFLIMQPhqIX/xLhKGc8YBVH6uDQW7N8NhZkQc+amkwzLJ7Hey8h/e57IDq6qe1Mailx/tjSw6k6Obh1FeRhL4CQxDN3m8EwCxjD3lD0FmQwsR9nARRxBpqmUnX3uyKhYSZLoaXrWelaboNuoWzd186FRaTXzHIvoAl2iGrJQE7XQPWqjDiJIoRf0it60d+1T+9K+l6MFLd85Qyul/fwCXwCrHg==</latexit>

p(occi)

<latexit sha1_base64="cpkF1z3Yy+ZDVxXSaAsv2k/5STA="></latexit>

log(xb) = b log(x)
<latexit sha1_base64="qeGRUfPfK9p7YGxWtQ0qz8SOIkc="></latexit>

log(xy) = log(x) + log(y)
<latexit sha1_base64="Zp6qe5XVMHkup0MmqQi09r+6CK0="></latexit>

`Ti = log

✓
p(occi | sT )

1� p(occi | sT )

◆
� `T�1

i + log

✓
1� p(occi)

p(occi)

◆

<latexit sha1_base64="GVdoXPxHMY8uxQv7LJjT8PimKa4="></latexit>

p(occTi ) = 1 � 1

1 + exp(`Ti )



▫ Autres possibilités de mise à jour des GO
1.  Calcul de               en fonction du nombre de                 

perceptions de la cellule   (« approche 
fréquentiste vs approche bayésienne »)

Nombre de fois que un 
obstacle a été détecté          

dans la cellule 
(sur les mesures)

Nombre de fois       
que la cellule a       
été détectée vide     

(sur les mesures)
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Construction d’une GO

<latexit sha1_base64="2pEhiK5fVVWaQZ8fR+ql3kRU4pM=">AAACJ3icbVDLSsNAFJ3UV42vVpdugongqiQFqcuCG5cV7AOaUCaT2zo0MwmZSbUM+Qi3+gV+jTvRpX9i0mZhWy8Mczj3cQ7Hj0MqpG1/a5Wt7Z3dveq+fnB4dHxSq5/2RJQmBLokCqNk4GMBIeXQlVSGMIgTwMwPoe9Pb4t+fwaJoBF/kPMYPIYnnI4pwTKn+palU92yRjXTbtiLMjaBUwITldUZ1TXdDSKSMuCShFiIoWPH0lM4kZSEkOluKiDGZIonMMwhxwyEpxZ+M+MyZwJjHCX549JYsH83FGZCzJmfTzIsH8V6ryD/7QWiOLiqHsxoLEr956WBVXdyfOMpyuNUAieZYeguhycSMYZ5oNwZyGzoeMoFLtIECk2l3OLzx4bpZFmm5+k561ltgl6z4Vw37Pum2W6VOVbRObpAV8hBLdRGd6iDuoigKXpBr+hNe9c+tE/tazla0cqdM7RS2s8vJ7ik8w==</latexit>

i

<latexit sha1_base64="4PkH4Pjap+u99pUeFjIA51fwkkA=">AAACJ3icbVDLSsNAFJ2prxpfrS7dBBPBVUkKosuCG5cV+oImlMnktg7NTEJmUi0hH+FWv8CvcSe69E9M2ixs64VhDuc+zuF4UcCksqxvXNna3tndq+5rB4dHxye1+mlPhklMoUvDIIwHHpEQMAFdxVQAgygGwr0A+t70ruj3ZxBLFoqOmkfgcjIRbMwoUTnVN02to5nmqGZYDWtR+iawS2CgstqjOtYcP6QJB6FoQKQc2lak3JTEitEAMs1JJESETskEhjkUhIN004XfTL/MGV8fh3H+hNIX7N+NlHAp59zLJzlRj3K9V5D/9nxZHFxV92cskqX+89LAqjs1vnVTJqJEgaCZrmuOgCcack6EnzozUNnQdlMHhExiKDTT1Ck+b6wbdpZlWp6evZ7VJug1G/Z1w3poGi27zLGKztEFukI2ukEtdI/aqIsomqIX9Ire8Dv+wJ/4azlaweXOGVop/PMLASqk2A==</latexit>

T
<latexit sha1_base64="4PkH4Pjap+u99pUeFjIA51fwkkA=">AAACJ3icbVDLSsNAFJ2prxpfrS7dBBPBVUkKosuCG5cV+oImlMnktg7NTEJmUi0hH+FWv8CvcSe69E9M2ixs64VhDuc+zuF4UcCksqxvXNna3tndq+5rB4dHxye1+mlPhklMoUvDIIwHHpEQMAFdxVQAgygGwr0A+t70ruj3ZxBLFoqOmkfgcjIRbMwoUTnVN02to5nmqGZYDWtR+iawS2CgstqjOtYcP6QJB6FoQKQc2lak3JTEitEAMs1JJESETskEhjkUhIN004XfTL/MGV8fh3H+hNIX7N+NlHAp59zLJzlRj3K9V5D/9nxZHFxV92cskqX+89LAqjs1vnVTJqJEgaCZrmuOgCcack6EnzozUNnQdlMHhExiKDTT1Ck+b6wbdpZlWp6evZ7VJug1G/Z1w3poGi27zLGKztEFukI2ukEtdI/aqIsomqIX9Ire8Dv+wJ/4azlaweXOGVop/PMLASqk2A==</latexit>

T

<latexit sha1_base64="vLQwYoAvDCmk6D61QcX/EP1BHSw="></latexit>

p(occTi )

<latexit sha1_base64="syZj2+Ml4eSz/YRn3IG0yYQs0rE="></latexit>

p(occTi ) =
nboccTi

nbvideTi + nboccTi

<latexit sha1_base64="aVt67hkPUG5thYMpV/X3Ovzyceg=">AAACJ3icbVDLSsNAFJ3xWeOr1aWbYCK4KklBdFlw47KCfUATymRyU4dmJiEzqZaQj3CrX+DXuBNd+icmbRa29cIwh3Mf53C8OGRSWdY33tjc2t7Zre1p+weHR8f1xklPRmlCoUujMEoGHpEQMgFdxVQIgzgBwr0Q+t7ktuz3p5BIFokHNYvB5WQsWMAoUQXVN02NaaY5qhtW05qXvg7sChioqs6ogTXHj2jKQSgaEimHthUrNyOJYjSEXHNSCTGhEzKGYQEF4SDdbO431y8KxteDKCmeUPqc/buRES7ljHvFJCfqUa72SvLfni/Lg8vq/pTFstJ/XhhYdqeCGzdjIk4VCJrruuYIeKIR50T4mTMFlQ9tN3NAyDSBUjPLnPLzAt2w8zzXivTs1azWQa/VtK+a1n3LaNtVjjV0hs7RJbLRNWqjO9RBXUTRBL2gV/SG3/EH/sRfi9ENXO2coqXCP78l6qTt</latexit>

i

<latexit sha1_base64="aVt67hkPUG5thYMpV/X3Ovzyceg=">AAACJ3icbVDLSsNAFJ3xWeOr1aWbYCK4KklBdFlw47KCfUATymRyU4dmJiEzqZaQj3CrX+DXuBNd+icmbRa29cIwh3Mf53C8OGRSWdY33tjc2t7Zre1p+weHR8f1xklPRmlCoUujMEoGHpEQMgFdxVQIgzgBwr0Q+t7ktuz3p5BIFokHNYvB5WQsWMAoUQXVN02NaaY5qhtW05qXvg7sChioqs6ogTXHj2jKQSgaEimHthUrNyOJYjSEXHNSCTGhEzKGYQEF4SDdbO431y8KxteDKCmeUPqc/buRES7ljHvFJCfqUa72SvLfni/Lg8vq/pTFstJ/XhhYdqeCGzdjIk4VCJrruuYIeKIR50T4mTMFlQ9tN3NAyDSBUjPLnPLzAt2w8zzXivTs1azWQa/VtK+a1n3LaNtVjjV0hs7RJbLRNWqjO9RBXUTRBL2gV/SG3/EH/sRfi9ENXO2coqXCP78l6qTt</latexit>

i



▫ Autres possibilités de mise à jour des GO
2. Histogramic in-motion mapping (HIMM)
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"Histogramic in-motion Mapping for Mobile Robot Obstacle Avoidance",  J. Borenstein,                 
Y. Koren, IEEE Journal of Robotics and Automation, vol. 7, n. 4, pp. 535-539, 1991

L’HIMM est très simple, mais:
• Pas de convergence si le nombre de perceptions tend vers l’infini
• Sensible au bruit 
• Réglage délicat des paramètres ( ) pour être adapté à un robot

Construction d’une GO

<latexit sha1_base64="AxGSmEsvFgKmdNfsaJ/5mRlf2Rg="></latexit>

p(occTi ) = p(occT�1
i ) + �

<latexit sha1_base64="h5SQK47tBXREvtoIcPH6GixHWjo=">AAACLHicbVDLSsNAFJ3UV42vVpdugongqiRF0WXBjcsK9gFNKJPJbR2amQyZSbWE/IZb/QK/xo2IW7/DpM3Ctl4Y5nDu4xyOL0IqlW1/apWNza3tnequvrd/cHhUqx93ZZTEBDokCqO472MJIeXQUVSF0BcxYOaH0PMnt0W/N4VY0og/qJkAj+ExpyNKsMop17J0d4KFwLplDWum3bDnZawDpwQmKqs9rGu6G0QkYcAVCbGUA8cWyktxrCgJIdPdRILAZILHMMghxwykl85NZ8Z5zgTGKIrzx5UxZ/9upJhJOWN+PsmwepSrvYL8txfI4uCyejClQpb6zwsDy+7U6MZLKReJAk4yw9BdDk8kYgzzIHWnoLKB46UucJnEUGimqVt8/sgwnSzL9Dw9ZzWrddBtNpyrhn3fNFuXZY5VdIrO0AVy0DVqoTvURh1EkEAv6BW9ae/ah/alfS9GK1q5c4KWSvv5BWhzpyI=</latexit>

<latexit sha1_base64="rSDms01flNTAobaz9kk6RkBHros="></latexit>

� =

(
1 si la cellule i présente un obstacle

�1 sinon

<latexit sha1_base64="13bnlKS6FyXF8/0DC6Yf2SyEFvU="></latexit>

Valeur d’incrémentation
(paramètre positif)
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Obstacle 1

Obstacle 2

Robot

• La GO est construite dans le référentiel du robot 

• Un compteur est incrémenté pour chaque cellule 
appartenant au secteur angulaire dans lequel un 
obstacle a été détecté (ex. pour une probabilité > 1/2)

• Les valeurs sont déplacées d’une cellule à l’autre       
en fonction des déplacements du robot

+1

+1

Robot

Secteur
angulaire

2. Histogramme d’occupation 



§ Construction d’un histogramme polaire des obstacles à partir     
des valeurs des cellules (une barre verticale pour chaque secteur)

§ On utilise l’histogramme pour déterminer la direction                            
de déplacement du robot

§ Seuillage pour éliminer une partie du bruit
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2. Histogramme d’occupation 

Direction sans collisions 
(et vers le but)

Seuil

Somme des compteurs des  
cellules dans les secteurs

2
3 1040

10

Robot

4

5

9

8

7
6

5 6 8 9

11

1

Secteur1 2 11

14

GO

12 secteurs (ouverture angulaire de 30o)

But

3

7
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“VFH+: Reliable obstacle avoidance for fast 
mobile robots”, I. Ulrich, J. Borenstein,            
in Proc. Int. Conf. Robotics and Autom.,             
pp. 1572-1577, 1998

VFH+

Histogramme
“masqué”

▫ Après seuillage
� Ensemble de directions possibles (« vallées candidates »)
� Choix selon un critère:

� Exemple: direction la plus proche de celle du but
� On peut prendre en considération le modèle cinématique                

et la taille physique du robot (VFH+ et VFH*)

Robot unicycle

2. Histogramme d’occupation 

“VFH*: Local Obstacle Avoidance with        
Look-Ahead Verification”, I. Ulrich,                          
J. Borenstein in Proc. IEEE  Int. Conf.     
Robotics and Autom., pp. 2505-2511, 2000

Avantages du VFH
Très rapide, robuste aux incertitudes

Problème (« local path planner »): 
Chemins non optimaux globalement                                                         
(mais quasi optimaux, en pratique)


