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Objectifs
Mesurer et suivre dans le temps la position
et/ou l’orientation d’un « objet » en 3D 

Que suivre ?
• l’utilisateur 

(tête, mains, corps, yeux, expression faciale)
• l’environnement



SUIVI DE L’ORIENTATION



Objectif principal
Mesurer l’orientation de la tête ou d’un périphérique
(manette, smartphone)

Orientation = rotation par rapport au monde 
(référentiel inertiel)

Rotation représentée par :
• les angles d’Euler
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Limitations des angles d’Euler
“Gimbal lock” : perte d’un degré de liberté

http://www.youtube.com/watch?v=zc8b2Jo7mno

http://www.youtube.com/watch%3Fv=zc8b2Jo7mno


Mesurer l’orientation de la tête ou d’un périphérique
(manette, smartphone)

Orientation = rotation par rapport au monde 
(référentiel inertiel)

Rotation représentée par :
• les angles d’Euler, ou
• un quaternion

Objectif principal
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Inertial Measurement Unit (IMU)
- Gyroscope : vitesse angulaire en radians/seconde

- Accéléromètre : accélération linéaire en m/s

- Magnétomètre : intensité champ magnétique 
en 𝜇T (microtesla) ou Gauss (1 Gauss = 100 𝜇T)

Attention : mesurés dans le repère du périphérique !

3x3x1mm



MEMS Gyroscope

https://learn.sparkfun.com/tutorials/gyroscope/all

https://learn.sparkfun.com/tutorials/gyroscope/all


MEMS Gyroscope

https://howtomechatronics.com/how-it-works/electrical-engineering/mems-accelerometer-gyrocope-
magnetometer-arduino/

https://howtomechatronics.com/how-it-works/electrical-engineering/mems-accelerometer-gyrocope-magnetometer-arduino/


Vitesse angulaire
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<latexit sha1_base64="Vy1u+bLMUaogxQW1wW49fIuwi3o=">AAACC3icbVA9SwNBEN2LXzF+RS1tliRCbMJdGm2EoI1lBJMIuRD29uaSJXsf7M4J4Uhv41+xsVDE1j9g579x81Fo4oOBx3szzMzzEik02va3lVtb39jcym8Xdnb39g+Kh0dtHaeKQ4vHMlb3HtMgRQQtFCjhPlHAQk9CxxtdT/3OAygt4ugOxwn0QjaIRCA4QyP1i6VKxY1DGDB6Sd1AMZ75Lg4BWRXPJpmPk0qlXyzbNXsGukqcBSmTBZr94pfrxzwNIUIumdZdx06wlzGFgkuYFNxUQ8L4iA2ga2jEQtC9bPbLhJ4axadBrExFSGfq74mMhVqPQ890hgyHetmbiv953RSDi14moiRFiPh8UZBKijGdBkN9oYCjHBvCuBLmVsqHzCSCJr6CCcFZfnmVtOs1x645t/Vy42oRR56ckBKpEoeckwa5IU3SIpw8kmfySt6sJ+vFerc+5q05azFzTP7A+vwBEEeZyg==</latexit><latexit sha1_base64="Vy1u+bLMUaogxQW1wW49fIuwi3o=">AAACC3icbVA9SwNBEN2LXzF+RS1tliRCbMJdGm2EoI1lBJMIuRD29uaSJXsf7M4J4Uhv41+xsVDE1j9g579x81Fo4oOBx3szzMzzEik02va3lVtb39jcym8Xdnb39g+Kh0dtHaeKQ4vHMlb3HtMgRQQtFCjhPlHAQk9CxxtdT/3OAygt4ugOxwn0QjaIRCA4QyP1i6VKxY1DGDB6Sd1AMZ75Lg4BWRXPJpmPk0qlXyzbNXsGukqcBSmTBZr94pfrxzwNIUIumdZdx06wlzGFgkuYFNxUQ8L4iA2ga2jEQtC9bPbLhJ4axadBrExFSGfq74mMhVqPQ890hgyHetmbiv953RSDi14moiRFiPh8UZBKijGdBkN9oYCjHBvCuBLmVsqHzCSCJr6CCcFZfnmVtOs1x645t/Vy42oRR56ckBKpEoeckwa5IU3SIpw8kmfySt6sJ+vFerc+5q05azFzTP7A+vwBEEeZyg==</latexit><latexit sha1_base64="Vy1u+bLMUaogxQW1wW49fIuwi3o=">AAACC3icbVA9SwNBEN2LXzF+RS1tliRCbMJdGm2EoI1lBJMIuRD29uaSJXsf7M4J4Uhv41+xsVDE1j9g579x81Fo4oOBx3szzMzzEik02va3lVtb39jcym8Xdnb39g+Kh0dtHaeKQ4vHMlb3HtMgRQQtFCjhPlHAQk9CxxtdT/3OAygt4ugOxwn0QjaIRCA4QyP1i6VKxY1DGDB6Sd1AMZ75Lg4BWRXPJpmPk0qlXyzbNXsGukqcBSmTBZr94pfrxzwNIUIumdZdx06wlzGFgkuYFNxUQ8L4iA2ga2jEQtC9bPbLhJ4axadBrExFSGfq74mMhVqPQ890hgyHetmbiv953RSDi14moiRFiPh8UZBKijGdBkN9oYCjHBvCuBLmVsqHzCSCJr6CCcFZfnmVtOs1x645t/Vy42oRR56ckBKpEoeckwa5IU3SIpw8kmfySt6sJ+vFerc+5q05azFzTP7A+vwBEEeZyg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xgXdgmI04rFqhtN2YSHDz6NcRZ0=">AAACAHicbZA7SwNBFIXv+ozxFW1thmQFbcKujTaCYGMZwUQhG8Ls7N1kcPbBzF0hLNvb+FdsLBTxV9j5b5zEFL4ODBzOmeHO/cJcSUOe9+EsLC4tr6zW1urrG5tb242djZ7JCi2wKzKV6ZuQG1QyxS5JUniTa+RJqPA6vD2f9td3qI3M0iua5DhI+CiVsRScbDRsNF03yBIccXbKglhzUUYBjZH4AR1WZUSV6w4bLa/tzcT+Gn9uWjBXZ9h4D6JMFAmmJBQ3pu97OQ1KrkkKhVU9KAzmXNzyEfatTXmCZlDOdqnYvk0iFmfanpTYLP3+ouSJMZMktDcTTmPzu5uG/3X9guKTQSnTvCBMxdeguFCMMjYFwyKpUZCaWMOFlvavTIy5JUIWX91C8H+v/Nf0jtq+1/YvPajBHjThAHw4hjO4gA50QcA9PMIzvDgPzpPz+oVrwZlz24Ufct4+AXWMmFY=</latexit><latexit sha1_base64="xgXdgmI04rFqhtN2YSHDz6NcRZ0=">AAACAHicbZA7SwNBFIXv+ozxFW1thmQFbcKujTaCYGMZwUQhG8Ls7N1kcPbBzF0hLNvb+FdsLBTxV9j5b5zEFL4ODBzOmeHO/cJcSUOe9+EsLC4tr6zW1urrG5tb242djZ7JCi2wKzKV6ZuQG1QyxS5JUniTa+RJqPA6vD2f9td3qI3M0iua5DhI+CiVsRScbDRsNF03yBIccXbKglhzUUYBjZH4AR1WZUSV6w4bLa/tzcT+Gn9uWjBXZ9h4D6JMFAmmJBQ3pu97OQ1KrkkKhVU9KAzmXNzyEfatTXmCZlDOdqnYvk0iFmfanpTYLP3+ouSJMZMktDcTTmPzu5uG/3X9guKTQSnTvCBMxdeguFCMMjYFwyKpUZCaWMOFlvavTIy5JUIWX91C8H+v/Nf0jtq+1/YvPajBHjThAHw4hjO4gA50QcA9PMIzvDgPzpPz+oVrwZlz24Ufct4+AXWMmFY=</latexit><latexit sha1_base64="VgqxhrshLaiQoP03yxjU6I47G/E=">AAACC3icbVC7SgNBFJ2NrxhfUUubIYkQm7Bro40QtLGMYB6QDWF29m4yZPbBzF0hLOlt/BUbC0Vs/QE7/8bJo9DEAxcO59zLvfd4iRQabfvbyq2tb2xu5bcLO7t7+wfFw6OWjlPFocljGauOxzRIEUETBUroJApY6Eloe6Obqd9+AKVFHN3jOIFeyAaRCARnaKR+sVSpuHEIA0avqBsoxjPfxSEgq+LZJPNxUqn0i2W7Zs9AV4mzIGWyQKNf/HL9mKchRMgl07rr2An2MqZQcAmTgptqSBgfsQF0DY1YCLqXzX6Z0FOj+DSIlakI6Uz9PZGxUOtx6JnOkOFQL3tT8T+vm2Jw2ctElKQIEZ8vClJJMabTYKgvFHCUY0MYV8LcSvmQmUTQxFcwITjLL6+S1nnNsWvOnV2uXy/iyJMTUiJV4pALUie3pEGahJNH8kxeyZv1ZL1Y79bHvDVnLWaOyR9Ynz8Pp5nI</latexit><latexit sha1_base64="Vy1u+bLMUaogxQW1wW49fIuwi3o=">AAACC3icbVA9SwNBEN2LXzF+RS1tliRCbMJdGm2EoI1lBJMIuRD29uaSJXsf7M4J4Uhv41+xsVDE1j9g579x81Fo4oOBx3szzMzzEik02va3lVtb39jcym8Xdnb39g+Kh0dtHaeKQ4vHMlb3HtMgRQQtFCjhPlHAQk9CxxtdT/3OAygt4ugOxwn0QjaIRCA4QyP1i6VKxY1DGDB6Sd1AMZ75Lg4BWRXPJpmPk0qlXyzbNXsGukqcBSmTBZr94pfrxzwNIUIumdZdx06wlzGFgkuYFNxUQ8L4iA2ga2jEQtC9bPbLhJ4axadBrExFSGfq74mMhVqPQ890hgyHetmbiv953RSDi14moiRFiPh8UZBKijGdBkN9oYCjHBvCuBLmVsqHzCSCJr6CCcFZfnmVtOs1x645t/Vy42oRR56ckBKpEoeckwa5IU3SIpw8kmfySt6sJ+vFerc+5q05azFzTP7A+vwBEEeZyg==</latexit><latexit sha1_base64="Vy1u+bLMUaogxQW1wW49fIuwi3o=">AAACC3icbVA9SwNBEN2LXzF+RS1tliRCbMJdGm2EoI1lBJMIuRD29uaSJXsf7M4J4Uhv41+xsVDE1j9g579x81Fo4oOBx3szzMzzEik02va3lVtb39jcym8Xdnb39g+Kh0dtHaeKQ4vHMlb3HtMgRQQtFCjhPlHAQk9CxxtdT/3OAygt4ugOxwn0QjaIRCA4QyP1i6VKxY1DGDB6Sd1AMZ75Lg4BWRXPJpmPk0qlXyzbNXsGukqcBSmTBZr94pfrxzwNIUIumdZdx06wlzGFgkuYFNxUQ8L4iA2ga2jEQtC9bPbLhJ4axadBrExFSGfq74mMhVqPQ890hgyHetmbiv953RSDi14moiRFiPh8UZBKijGdBkN9oYCjHBvCuBLmVsqHzCSCJr6CCcFZfnmVtOs1x645t/Vy42oRR56ckBKpEoeckwa5IU3SIpw8kmfySt6sJ+vFerc+5q05azFzTP7A+vwBEEeZyg==</latexit><latexit sha1_base64="Vy1u+bLMUaogxQW1wW49fIuwi3o=">AAACC3icbVA9SwNBEN2LXzF+RS1tliRCbMJdGm2EoI1lBJMIuRD29uaSJXsf7M4J4Uhv41+xsVDE1j9g579x81Fo4oOBx3szzMzzEik02va3lVtb39jcym8Xdnb39g+Kh0dtHaeKQ4vHMlb3HtMgRQQtFCjhPlHAQk9CxxtdT/3OAygt4ugOxwn0QjaIRCA4QyP1i6VKxY1DGDB6Sd1AMZ75Lg4BWRXPJpmPk0qlXyzbNXsGukqcBSmTBZr94pfrxzwNIUIumdZdx06wlzGFgkuYFNxUQ8L4iA2ga2jEQtC9bPbLhJ4axadBrExFSGfq74mMhVqPQ890hgyHetmbiv953RSDi14moiRFiPh8UZBKijGdBkN9oYCjHBvCuBLmVsqHzCSCJr6CCcFZfnmVtOs1x645t/Vy42oRR56ckBKpEoeckwa5IU3SIpw8kmfySt6sJ+vFerc+5q05azFzTP7A+vwBEEeZyg==</latexit><latexit sha1_base64="Vy1u+bLMUaogxQW1wW49fIuwi3o=">AAACC3icbVA9SwNBEN2LXzF+RS1tliRCbMJdGm2EoI1lBJMIuRD29uaSJXsf7M4J4Uhv41+xsVDE1j9g579x81Fo4oOBx3szzMzzEik02va3lVtb39jcym8Xdnb39g+Kh0dtHaeKQ4vHMlb3HtMgRQQtFCjhPlHAQk9CxxtdT/3OAygt4ugOxwn0QjaIRCA4QyP1i6VKxY1DGDB6Sd1AMZ75Lg4BWRXPJpmPk0qlXyzbNXsGukqcBSmTBZr94pfrxzwNIUIumdZdx06wlzGFgkuYFNxUQ8L4iA2ga2jEQtC9bPbLhJ4axadBrExFSGfq74mMhVqPQ890hgyHetmbiv953RSDi14moiRFiPh8UZBKijGdBkN9oYCjHBvCuBLmVsqHzCSCJr6CCcFZfnmVtOs1x645t/Vy42oRR56ckBKpEoeckwa5IU3SIpw8kmfySt6sJ+vFerc+5q05azFzTP7A+vwBEEeZyg==</latexit><latexit sha1_base64="Vy1u+bLMUaogxQW1wW49fIuwi3o=">AAACC3icbVA9SwNBEN2LXzF+RS1tliRCbMJdGm2EoI1lBJMIuRD29uaSJXsf7M4J4Uhv41+xsVDE1j9g579x81Fo4oOBx3szzMzzEik02va3lVtb39jcym8Xdnb39g+Kh0dtHaeKQ4vHMlb3HtMgRQQtFCjhPlHAQk9CxxtdT/3OAygt4ugOxwn0QjaIRCA4QyP1i6VKxY1DGDB6Sd1AMZ75Lg4BWRXPJpmPk0qlXyzbNXsGukqcBSmTBZr94pfrxzwNIUIumdZdx06wlzGFgkuYFNxUQ8L4iA2ga2jEQtC9bPbLhJ4axadBrExFSGfq74mMhVqPQ890hgyHetmbiv953RSDi14moiRFiPh8UZBKijGdBkN9oYCjHBvCuBLmVsqHzCSCJr6CCcFZfnmVtOs1x645t/Vy42oRR56ckBKpEoeckwa5IU3SIpw8kmfySt6sJ+vFerc+5q05azFzTP7A+vwBEEeZyg==</latexit><latexit sha1_base64="Vy1u+bLMUaogxQW1wW49fIuwi3o=">AAACC3icbVA9SwNBEN2LXzF+RS1tliRCbMJdGm2EoI1lBJMIuRD29uaSJXsf7M4J4Uhv41+xsVDE1j9g579x81Fo4oOBx3szzMzzEik02va3lVtb39jcym8Xdnb39g+Kh0dtHaeKQ4vHMlb3HtMgRQQtFCjhPlHAQk9CxxtdT/3OAygt4ugOxwn0QjaIRCA4QyP1i6VKxY1DGDB6Sd1AMZ75Lg4BWRXPJpmPk0qlXyzbNXsGukqcBSmTBZr94pfrxzwNIUIumdZdx06wlzGFgkuYFNxUQ8L4iA2ga2jEQtC9bPbLhJ4axadBrExFSGfq74mMhVqPQ890hgyHetmbiv953RSDi14moiRFiPh8UZBKijGdBkN9oYCjHBvCuBLmVsqHzCSCJr6CCcFZfnmVtOs1x645t/Vy42oRR56ckBKpEoeckwa5IU3SIpw8kmfySt6sJ+vFerc+5q05azFzTP7A+vwBEEeZyg==</latexit>

intégrationinitialisation



Gyroscopes
Mesure imparfaite :

• biais b
• facteur d’échelle a
• bruit Gaussien aditif

!̃ = b+ a! + ⌘
<latexit sha1_base64="+jlexkvbLh24qVvjVSXrtZ6a8GU=">AAACEnicbZA7SwNBEMf34ivGV9TSZjERFCXcpdFGCNpYRjBRyIUwt5kki3sPdueEcOQz2PhVbCwUsbWy89u4eRS+/rDw4z8zzM4/SJQ05LqfTm5ufmFxKb9cWFldW98obm41TZxqgQ0Rq1jfBGBQyQgbJEnhTaIRwkDhdXB7Pq5f36E2Mo6uaJhgO4R+JHtSAFmrUzwol32SqouZH4fYhxE/5QE/5OAfTQ3LPhKUy51iya24E/G/4M2gxGaqd4offjcWaYgRCQXGtDw3oXYGmqRQOCr4qcEExC30sWUxghBNO5ucNOJ71unyXqzti4hP3O8TGYTGDMPAdoZAA/O7Njb/q7VS6p20MxklKWEkpot6qeIU83E+vCs1ClJDCyC0tH/lYgAaBNkUCzYE7/fJf6FZrXhuxbuslmpnszjybIftsn3msWNWYxeszhpMsHv2yJ7Zi/PgPDmvztu0NefMZrbZDznvXyb8mzc=</latexit><latexit sha1_base64="+jlexkvbLh24qVvjVSXrtZ6a8GU=">AAACEnicbZA7SwNBEMf34ivGV9TSZjERFCXcpdFGCNpYRjBRyIUwt5kki3sPdueEcOQz2PhVbCwUsbWy89u4eRS+/rDw4z8zzM4/SJQ05LqfTm5ufmFxKb9cWFldW98obm41TZxqgQ0Rq1jfBGBQyQgbJEnhTaIRwkDhdXB7Pq5f36E2Mo6uaJhgO4R+JHtSAFmrUzwol32SqouZH4fYhxE/5QE/5OAfTQ3LPhKUy51iya24E/G/4M2gxGaqd4offjcWaYgRCQXGtDw3oXYGmqRQOCr4qcEExC30sWUxghBNO5ucNOJ71unyXqzti4hP3O8TGYTGDMPAdoZAA/O7Njb/q7VS6p20MxklKWEkpot6qeIU83E+vCs1ClJDCyC0tH/lYgAaBNkUCzYE7/fJf6FZrXhuxbuslmpnszjybIftsn3msWNWYxeszhpMsHv2yJ7Zi/PgPDmvztu0NefMZrbZDznvXyb8mzc=</latexit><latexit sha1_base64="+jlexkvbLh24qVvjVSXrtZ6a8GU=">AAACEnicbZA7SwNBEMf34ivGV9TSZjERFCXcpdFGCNpYRjBRyIUwt5kki3sPdueEcOQz2PhVbCwUsbWy89u4eRS+/rDw4z8zzM4/SJQ05LqfTm5ufmFxKb9cWFldW98obm41TZxqgQ0Rq1jfBGBQyQgbJEnhTaIRwkDhdXB7Pq5f36E2Mo6uaJhgO4R+JHtSAFmrUzwol32SqouZH4fYhxE/5QE/5OAfTQ3LPhKUy51iya24E/G/4M2gxGaqd4offjcWaYgRCQXGtDw3oXYGmqRQOCr4qcEExC30sWUxghBNO5ucNOJ71unyXqzti4hP3O8TGYTGDMPAdoZAA/O7Njb/q7VS6p20MxklKWEkpot6qeIU83E+vCs1ClJDCyC0tH/lYgAaBNkUCzYE7/fJf6FZrXhuxbuslmpnszjybIftsn3msWNWYxeszhpMsHv2yJ7Zi/PgPDmvztu0NefMZrbZDznvXyb8mzc=</latexit><latexit sha1_base64="+jlexkvbLh24qVvjVSXrtZ6a8GU=">AAACEnicbZA7SwNBEMf34ivGV9TSZjERFCXcpdFGCNpYRjBRyIUwt5kki3sPdueEcOQz2PhVbCwUsbWy89u4eRS+/rDw4z8zzM4/SJQ05LqfTm5ufmFxKb9cWFldW98obm41TZxqgQ0Rq1jfBGBQyQgbJEnhTaIRwkDhdXB7Pq5f36E2Mo6uaJhgO4R+JHtSAFmrUzwol32SqouZH4fYhxE/5QE/5OAfTQ3LPhKUy51iya24E/G/4M2gxGaqd4offjcWaYgRCQXGtDw3oXYGmqRQOCr4qcEExC30sWUxghBNO5ucNOJ71unyXqzti4hP3O8TGYTGDMPAdoZAA/O7Njb/q7VS6p20MxklKWEkpot6qeIU83E+vCs1ClJDCyC0tH/lYgAaBNkUCzYE7/fJf6FZrXhuxbuslmpnszjybIftsn3msWNWYxeszhpMsHv2yJ7Zi/PgPDmvztu0NefMZrbZDznvXyb8mzc=</latexit>

constant ⟹ calibration

⟹ incertitude



Problèmes à résoudre

1. Calibration

2. Initialisation

3. Intégration

4. Propagation des incertitudes



Calibration
Mesurer simultanément       avec un gyroscope 
de meilleure qualité (et/ou déjà calibré)

Calculer la somme des erreurs au carré :

Trouver a et b minimisant cette erreur :

(régression linéaire au sens des moindres carrées)

⌃N
i=1(!̃i � !̃0

i)
2

<latexit sha1_base64="KmsFZ1gD5dPcI+YT0mcdR/Hy6hM=">AAACI3icbVDLSsNAFJ3UV62vqks3wVasC0vSjSIIRTeupKJ9QNOGyfS2HTqThJmJUEL+xY2/4saFUty48F+cPha29cCFwzn3cu89XsioVJb1baRWVtfWN9Kbma3tnd297P5BTQaRIFAlAQtEw8MSGPWhqqhi0AgFYO4xqHuD27FffwYhaeA/qWEILY57Pu1SgpWW3OxVPu880h7H7fg+cWN6bScFR1HWgdgJOPRw4tLzeeHUpWftUj7vZnNW0ZrAXCb2jOTQDBU3O3I6AYk4+IowLGXTtkLVirFQlDBIMk4kIcRkgHvQ1NTHHGQrnvyYmCda6ZjdQOjylTlR/07EmEs55J7u5Fj15aI3Fv/zmpHqXrZi6oeRAp9MF3UjZqrAHAdmdqgAothQE0wE1beapI8FJkrHmtEh2IsvL5NaqWhbRfuhlCvfzOJIoyN0jArIRheojO5QBVURQS/oDX2gT+PVeDdGxte0NWXMZg7RHIyfXzZbo/c=</latexit><latexit sha1_base64="KmsFZ1gD5dPcI+YT0mcdR/Hy6hM=">AAACI3icbVDLSsNAFJ3UV62vqks3wVasC0vSjSIIRTeupKJ9QNOGyfS2HTqThJmJUEL+xY2/4saFUty48F+cPha29cCFwzn3cu89XsioVJb1baRWVtfWN9Kbma3tnd297P5BTQaRIFAlAQtEw8MSGPWhqqhi0AgFYO4xqHuD27FffwYhaeA/qWEILY57Pu1SgpWW3OxVPu880h7H7fg+cWN6bScFR1HWgdgJOPRw4tLzeeHUpWftUj7vZnNW0ZrAXCb2jOTQDBU3O3I6AYk4+IowLGXTtkLVirFQlDBIMk4kIcRkgHvQ1NTHHGQrnvyYmCda6ZjdQOjylTlR/07EmEs55J7u5Fj15aI3Fv/zmpHqXrZi6oeRAp9MF3UjZqrAHAdmdqgAothQE0wE1beapI8FJkrHmtEh2IsvL5NaqWhbRfuhlCvfzOJIoyN0jArIRheojO5QBVURQS/oDX2gT+PVeDdGxte0NWXMZg7RHIyfXzZbo/c=</latexit><latexit sha1_base64="KmsFZ1gD5dPcI+YT0mcdR/Hy6hM=">AAACI3icbVDLSsNAFJ3UV62vqks3wVasC0vSjSIIRTeupKJ9QNOGyfS2HTqThJmJUEL+xY2/4saFUty48F+cPha29cCFwzn3cu89XsioVJb1baRWVtfWN9Kbma3tnd297P5BTQaRIFAlAQtEw8MSGPWhqqhi0AgFYO4xqHuD27FffwYhaeA/qWEILY57Pu1SgpWW3OxVPu880h7H7fg+cWN6bScFR1HWgdgJOPRw4tLzeeHUpWftUj7vZnNW0ZrAXCb2jOTQDBU3O3I6AYk4+IowLGXTtkLVirFQlDBIMk4kIcRkgHvQ1NTHHGQrnvyYmCda6ZjdQOjylTlR/07EmEs55J7u5Fj15aI3Fv/zmpHqXrZi6oeRAp9MF3UjZqrAHAdmdqgAothQE0wE1beapI8FJkrHmtEh2IsvL5NaqWhbRfuhlCvfzOJIoyN0jArIRheojO5QBVURQS/oDX2gT+PVeDdGxte0NWXMZg7RHIyfXzZbo/c=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fwInG7435GbjOv6zKYd6FFu7N3M=">AAACGHicbZDNSgMxFIXv1L9aq1a3bgZbsS4sM90ogiC4cSWK1hY67ZBJb9vQZGZIMkIZ5l3c+CpuXCjixrcx/VlY9UDg45yEm3uCmDOlHefLyi0tr6yu5dcLG8XNre3STvFBRYmk2KARj2QrIAo5C7GhmebYiiUSEXBsBqPLSd58RKlYFN7rcYwdQQYh6zNKtLH80lml4t2xgSDd9DrzU3buZlVPM97D1IsEDkjms+NF49BnR916peKXyk7Nmcr+C+4cyjDXjV/68HoRTQSGmnKiVNt1Yt1JidSMcswKXqIwJnREBtg2GBKBqpNOd8zsA+P07H4kzQm1PXV/vkiJUGosAnNTED1Uv7OJ+V/WTnT/tJOyME40hnQ2qJ9wW0f2pDC7xyRSzccGCJXM/NWmQyIJ1abWginB/b3yX3io11yn5t46kIc92IcquHACF3AFN9AACk/wAm/wbj1br9bHrK6cNe9tFxZkfX4DMAGiaw==</latexit><latexit sha1_base64="fwInG7435GbjOv6zKYd6FFu7N3M=">AAACGHicbZDNSgMxFIXv1L9aq1a3bgZbsS4sM90ogiC4cSWK1hY67ZBJb9vQZGZIMkIZ5l3c+CpuXCjixrcx/VlY9UDg45yEm3uCmDOlHefLyi0tr6yu5dcLG8XNre3STvFBRYmk2KARj2QrIAo5C7GhmebYiiUSEXBsBqPLSd58RKlYFN7rcYwdQQYh6zNKtLH80lml4t2xgSDd9DrzU3buZlVPM97D1IsEDkjms+NF49BnR916peKXyk7Nmcr+C+4cyjDXjV/68HoRTQSGmnKiVNt1Yt1JidSMcswKXqIwJnREBtg2GBKBqpNOd8zsA+P07H4kzQm1PXV/vkiJUGosAnNTED1Uv7OJ+V/WTnT/tJOyME40hnQ2qJ9wW0f2pDC7xyRSzccGCJXM/NWmQyIJ1abWginB/b3yX3io11yn5t46kIc92IcquHACF3AFN9AACk/wAm/wbj1br9bHrK6cNe9tFxZkfX4DMAGiaw==</latexit><latexit sha1_base64="6HHXlLvGNQHj41KnvliDwnJfV1k=">AAACI3icbVDLSsNAFJ3UV62vqks3wVasC0vSjSIIRTeupKJ9QNOGyfS2HTqThJmJUEL+xY2/4saFUty48F+cPha29cCFwzn3cu89XsioVJb1baRWVtfWN9Kbma3tnd297P5BTQaRIFAlAQtEw8MSGPWhqqhi0AgFYO4xqHuD27FffwYhaeA/qWEILY57Pu1SgpWW3OxVPu880h7H7fg+cWN6bScFR1HWgdgJOPRw4tLzeeHUpWftUj7vZnNW0ZrAXCb2jOTQDBU3O3I6AYk4+IowLGXTtkLVirFQlDBIMk4kIcRkgHvQ1NTHHGQrnvyYmCda6ZjdQOjylTlR/07EmEs55J7u5Fj15aI3Fv/zmpHqXrZi6oeRAp9MF3UjZqrAHAdmdqgAothQE0wE1beapI8FJkrHmtEh2IsvL5NaqWhbRfvBypVvZnGk0RE6RgVkowtURneogqqIoBf0hj7Qp/FqvBsj42vamjJmM4doDsbPLzW7o/U=</latexit><latexit sha1_base64="KmsFZ1gD5dPcI+YT0mcdR/Hy6hM=">AAACI3icbVDLSsNAFJ3UV62vqks3wVasC0vSjSIIRTeupKJ9QNOGyfS2HTqThJmJUEL+xY2/4saFUty48F+cPha29cCFwzn3cu89XsioVJb1baRWVtfWN9Kbma3tnd297P5BTQaRIFAlAQtEw8MSGPWhqqhi0AgFYO4xqHuD27FffwYhaeA/qWEILY57Pu1SgpWW3OxVPu880h7H7fg+cWN6bScFR1HWgdgJOPRw4tLzeeHUpWftUj7vZnNW0ZrAXCb2jOTQDBU3O3I6AYk4+IowLGXTtkLVirFQlDBIMk4kIcRkgHvQ1NTHHGQrnvyYmCda6ZjdQOjylTlR/07EmEs55J7u5Fj15aI3Fv/zmpHqXrZi6oeRAp9MF3UjZqrAHAdmdqgAothQE0wE1beapI8FJkrHmtEh2IsvL5NaqWhbRfuhlCvfzOJIoyN0jArIRheojO5QBVURQS/oDX2gT+PVeDdGxte0NWXMZg7RHIyfXzZbo/c=</latexit><latexit sha1_base64="KmsFZ1gD5dPcI+YT0mcdR/Hy6hM=">AAACI3icbVDLSsNAFJ3UV62vqks3wVasC0vSjSIIRTeupKJ9QNOGyfS2HTqThJmJUEL+xY2/4saFUty48F+cPha29cCFwzn3cu89XsioVJb1baRWVtfWN9Kbma3tnd297P5BTQaRIFAlAQtEw8MSGPWhqqhi0AgFYO4xqHuD27FffwYhaeA/qWEILY57Pu1SgpWW3OxVPu880h7H7fg+cWN6bScFR1HWgdgJOPRw4tLzeeHUpWftUj7vZnNW0ZrAXCb2jOTQDBU3O3I6AYk4+IowLGXTtkLVirFQlDBIMk4kIcRkgHvQ1NTHHGQrnvyYmCda6ZjdQOjylTlR/07EmEs55J7u5Fj15aI3Fv/zmpHqXrZi6oeRAp9MF3UjZqrAHAdmdqgAothQE0wE1beapI8FJkrHmtEh2IsvL5NaqWhbRfuhlCvfzOJIoyN0jArIRheojO5QBVURQS/oDX2gT+PVeDdGxte0NWXMZg7RHIyfXzZbo/c=</latexit><latexit sha1_base64="KmsFZ1gD5dPcI+YT0mcdR/Hy6hM=">AAACI3icbVDLSsNAFJ3UV62vqks3wVasC0vSjSIIRTeupKJ9QNOGyfS2HTqThJmJUEL+xY2/4saFUty48F+cPha29cCFwzn3cu89XsioVJb1baRWVtfWN9Kbma3tnd297P5BTQaRIFAlAQtEw8MSGPWhqqhi0AgFYO4xqHuD27FffwYhaeA/qWEILY57Pu1SgpWW3OxVPu880h7H7fg+cWN6bScFR1HWgdgJOPRw4tLzeeHUpWftUj7vZnNW0ZrAXCb2jOTQDBU3O3I6AYk4+IowLGXTtkLVirFQlDBIMk4kIcRkgHvQ1NTHHGQrnvyYmCda6ZjdQOjylTlR/07EmEs55J7u5Fj15aI3Fv/zmpHqXrZi6oeRAp9MF3UjZqrAHAdmdqgAothQE0wE1beapI8FJkrHmtEh2IsvL5NaqWhbRfuhlCvfzOJIoyN0jArIRheojO5QBVURQS/oDX2gT+PVeDdGxte0NWXMZg7RHIyfXzZbo/c=</latexit><latexit sha1_base64="KmsFZ1gD5dPcI+YT0mcdR/Hy6hM=">AAACI3icbVDLSsNAFJ3UV62vqks3wVasC0vSjSIIRTeupKJ9QNOGyfS2HTqThJmJUEL+xY2/4saFUty48F+cPha29cCFwzn3cu89XsioVJb1baRWVtfWN9Kbma3tnd297P5BTQaRIFAlAQtEw8MSGPWhqqhi0AgFYO4xqHuD27FffwYhaeA/qWEILY57Pu1SgpWW3OxVPu880h7H7fg+cWN6bScFR1HWgdgJOPRw4tLzeeHUpWftUj7vZnNW0ZrAXCb2jOTQDBU3O3I6AYk4+IowLGXTtkLVirFQlDBIMk4kIcRkgHvQ1NTHHGQrnvyYmCda6ZjdQOjylTlR/07EmEs55J7u5Fj15aI3Fv/zmpHqXrZi6oeRAp9MF3UjZqrAHAdmdqgAothQE0wE1beapI8FJkrHmtEh2IsvL5NaqWhbRfuhlCvfzOJIoyN0jArIRheojO5QBVURQS/oDX2gT+PVeDdGxte0NWXMZg7RHIyfXzZbo/c=</latexit><latexit sha1_base64="KmsFZ1gD5dPcI+YT0mcdR/Hy6hM=">AAACI3icbVDLSsNAFJ3UV62vqks3wVasC0vSjSIIRTeupKJ9QNOGyfS2HTqThJmJUEL+xY2/4saFUty48F+cPha29cCFwzn3cu89XsioVJb1baRWVtfWN9Kbma3tnd297P5BTQaRIFAlAQtEw8MSGPWhqqhi0AgFYO4xqHuD27FffwYhaeA/qWEILY57Pu1SgpWW3OxVPu880h7H7fg+cWN6bScFR1HWgdgJOPRw4tLzeeHUpWftUj7vZnNW0ZrAXCb2jOTQDBU3O3I6AYk4+IowLGXTtkLVirFQlDBIMk4kIcRkgHvQ1NTHHGQrnvyYmCda6ZjdQOjylTlR/07EmEs55J7u5Fj15aI3Fv/zmpHqXrZi6oeRAp9MF3UjZqrAHAdmdqgAothQE0wE1beapI8FJkrHmtEh2IsvL5NaqWhbRfuhlCvfzOJIoyN0jArIRheojO5QBVURQS/oDX2gT+PVeDdGxte0NWXMZg7RHIyfXzZbo/c=</latexit><latexit sha1_base64="KmsFZ1gD5dPcI+YT0mcdR/Hy6hM=">AAACI3icbVDLSsNAFJ3UV62vqks3wVasC0vSjSIIRTeupKJ9QNOGyfS2HTqThJmJUEL+xY2/4saFUty48F+cPha29cCFwzn3cu89XsioVJb1baRWVtfWN9Kbma3tnd297P5BTQaRIFAlAQtEw8MSGPWhqqhi0AgFYO4xqHuD27FffwYhaeA/qWEILY57Pu1SgpWW3OxVPu880h7H7fg+cWN6bScFR1HWgdgJOPRw4tLzeeHUpWftUj7vZnNW0ZrAXCb2jOTQDBU3O3I6AYk4+IowLGXTtkLVirFQlDBIMk4kIcRkgHvQ1NTHHGQrnvyYmCda6ZjdQOjylTlR/07EmEs55J7u5Fj15aI3Fv/zmpHqXrZi6oeRAp9MF3UjZqrAHAdmdqgAothQE0wE1beapI8FJkrHmtEh2IsvL5NaqWhbRfuhlCvfzOJIoyN0jArIRheojO5QBVURQS/oDX2gT+PVeDdGxte0NWXMZg7RHIyfXzZbo/c=</latexit>

⌃N
i=1(b+ a!i � !̃0

i)
2

<latexit sha1_base64="aCIdRNW1RPWspsPF+q7VH7K/yLs="></latexit><latexit sha1_base64="aCIdRNW1RPWspsPF+q7VH7K/yLs="></latexit><latexit sha1_base64="aCIdRNW1RPWspsPF+q7VH7K/yLs="></latexit><latexit sha1_base64="aCIdRNW1RPWspsPF+q7VH7K/yLs="></latexit>

!̃0
<latexit sha1_base64="jTZ25+/bJydfO8+yvb4CadFyZX8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CTaip5L0oseiF48V7Ac0oWw2k3bpbhJ2N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QcqoVI7zbVQ2Nre2d6q7tb39g8Mj8/ikJ5NMEOiShCViEGAJjMbQVVQxGKQCMA8Y9IPp7dzvP4KQNIkfVJ6Cz/E4phElWGlpZNZt21OUhVB4CYcxnl3Y9shsOE1nAWuduCVpoBKdkfnlhQnJOMSKMCzl0HVS5RdYKEoYzGpeJiHFZIrHMNQ0xhykXyyOn1nnWgmtKBG6YmUt1N8TBeZS5jzQnRyriVz15uJ/3jBT0bVf0DjNFMRkuSjKmKUSa56EFVIBRLFcE0wE1bdaZIIFJkrnVdMhuKsvr5Neq+k6Tfe+1WjflHFU0Sk6Q5fIRVeoje5QB3URQTl6Rq/ozXgyXox342PZWjHKmTr6A+PzB1rzk+k=</latexit><latexit sha1_base64="jTZ25+/bJydfO8+yvb4CadFyZX8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CTaip5L0oseiF48V7Ac0oWw2k3bpbhJ2N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QcqoVI7zbVQ2Nre2d6q7tb39g8Mj8/ikJ5NMEOiShCViEGAJjMbQVVQxGKQCMA8Y9IPp7dzvP4KQNIkfVJ6Cz/E4phElWGlpZNZt21OUhVB4CYcxnl3Y9shsOE1nAWuduCVpoBKdkfnlhQnJOMSKMCzl0HVS5RdYKEoYzGpeJiHFZIrHMNQ0xhykXyyOn1nnWgmtKBG6YmUt1N8TBeZS5jzQnRyriVz15uJ/3jBT0bVf0DjNFMRkuSjKmKUSa56EFVIBRLFcE0wE1bdaZIIFJkrnVdMhuKsvr5Neq+k6Tfe+1WjflHFU0Sk6Q5fIRVeoje5QB3URQTl6Rq/ozXgyXox342PZWjHKmTr6A+PzB1rzk+k=</latexit><latexit sha1_base64="jTZ25+/bJydfO8+yvb4CadFyZX8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CTaip5L0oseiF48V7Ac0oWw2k3bpbhJ2N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QcqoVI7zbVQ2Nre2d6q7tb39g8Mj8/ikJ5NMEOiShCViEGAJjMbQVVQxGKQCMA8Y9IPp7dzvP4KQNIkfVJ6Cz/E4phElWGlpZNZt21OUhVB4CYcxnl3Y9shsOE1nAWuduCVpoBKdkfnlhQnJOMSKMCzl0HVS5RdYKEoYzGpeJiHFZIrHMNQ0xhykXyyOn1nnWgmtKBG6YmUt1N8TBeZS5jzQnRyriVz15uJ/3jBT0bVf0DjNFMRkuSjKmKUSa56EFVIBRLFcE0wE1bdaZIIFJkrnVdMhuKsvr5Neq+k6Tfe+1WjflHFU0Sk6Q5fIRVeoje5QB3URQTl6Rq/ozXgyXox342PZWjHKmTr6A+PzB1rzk+k=</latexit><latexit sha1_base64="jTZ25+/bJydfO8+yvb4CadFyZX8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CTaip5L0oseiF48V7Ac0oWw2k3bpbhJ2N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QcqoVI7zbVQ2Nre2d6q7tb39g8Mj8/ikJ5NMEOiShCViEGAJjMbQVVQxGKQCMA8Y9IPp7dzvP4KQNIkfVJ6Cz/E4phElWGlpZNZt21OUhVB4CYcxnl3Y9shsOE1nAWuduCVpoBKdkfnlhQnJOMSKMCzl0HVS5RdYKEoYzGpeJiHFZIrHMNQ0xhykXyyOn1nnWgmtKBG6YmUt1N8TBeZS5jzQnRyriVz15uJ/3jBT0bVf0DjNFMRkuSjKmKUSa56EFVIBRLFcE0wE1bdaZIIFJkrnVdMhuKsvr5Neq+k6Tfe+1WjflHFU0Sk6Q5fIRVeoje5QB3URQTl6Rq/ozXgyXox342PZWjHKmTr6A+PzB1rzk+k=</latexit>



Initialisation
Orientation initiale

• dans le repère local du gyroscope
⟹ état au lancement du système

• dans le repère monde 
⟹ capteur fixe dans l’espace

✓(0) = 0
<latexit sha1_base64="Rc0kMnXqoiCJr/M7XuRzvOzzfCQ=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjdQEL6TlohcTohePmAiYQEO2yxY2bLfN7lRDKj/FiweN8eov8ea/cYEeFHzJJC/vzWRmXpAIrsF1v63C2vrG5lZxu7Szu7d/YJcP2zpOFWUtGotY3QdEM8ElawEHwe4TxUgUCNYJxtczv/PAlOaxvINJwvyIDCUPOSVgpL5ddpwejBiQqnuGL7HrOH274tbcOfAq8XJSQTmaffurN4hpGjEJVBCtu56bgJ8RBZwKNi31Us0SQsdkyLqGShIx7Wfz06f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+umEF74GZdJCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI3vLLq6Rdr3luzbutVxpXeRxFdIxOUBV56Bw10A1qohai6BE9o1f0Zj1ZL9a79bFoLVj5zBH6A+vzB3aRkYM=</latexit><latexit sha1_base64="Rc0kMnXqoiCJr/M7XuRzvOzzfCQ=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjdQEL6TlohcTohePmAiYQEO2yxY2bLfN7lRDKj/FiweN8eov8ea/cYEeFHzJJC/vzWRmXpAIrsF1v63C2vrG5lZxu7Szu7d/YJcP2zpOFWUtGotY3QdEM8ElawEHwe4TxUgUCNYJxtczv/PAlOaxvINJwvyIDCUPOSVgpL5ddpwejBiQqnuGL7HrOH274tbcOfAq8XJSQTmaffurN4hpGjEJVBCtu56bgJ8RBZwKNi31Us0SQsdkyLqGShIx7Wfz06f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+umEF74GZdJCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI3vLLq6Rdr3luzbutVxpXeRxFdIxOUBV56Bw10A1qohai6BE9o1f0Zj1ZL9a79bFoLVj5zBH6A+vzB3aRkYM=</latexit><latexit sha1_base64="Rc0kMnXqoiCJr/M7XuRzvOzzfCQ=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjdQEL6TlohcTohePmAiYQEO2yxY2bLfN7lRDKj/FiweN8eov8ea/cYEeFHzJJC/vzWRmXpAIrsF1v63C2vrG5lZxu7Szu7d/YJcP2zpOFWUtGotY3QdEM8ElawEHwe4TxUgUCNYJxtczv/PAlOaxvINJwvyIDCUPOSVgpL5ddpwejBiQqnuGL7HrOH274tbcOfAq8XJSQTmaffurN4hpGjEJVBCtu56bgJ8RBZwKNi31Us0SQsdkyLqGShIx7Wfz06f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+umEF74GZdJCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI3vLLq6Rdr3luzbutVxpXeRxFdIxOUBV56Bw10A1qohai6BE9o1f0Zj1ZL9a79bFoLVj5zBH6A+vzB3aRkYM=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0IEAqVdt3XypOxY8SuT9QpQKJQo=">AAAB73icbZBLSwMxFIXv1FetVVu3boIdoW5Kxo1uBMGNywq2FdqhZNJMG5p5kNxRytif4saFIv4bd/4b08dCWw8EPs5JuDcnSJU0SOm3U9jY3NreKe6W9sr7B4eVarltkkxz0eKJSvRDwIxQMhYtlKjEQ6oFiwIlOsH4ZpZ3HoU2MonvcZIKP2LDWIaSM7RWv1J13R6OBLI6PSNXhLpuv1KjDToXWQdvCTVYqtmvfPUGCc8iESNXzJiuR1P0c6ZRciWmpV5mRMr4mA1F12LMImH8fL76lJxaZ0DCRNsTI5m7v1/kLDJmEgX2ZsRwZFazmflf1s0wvPRzGacZipgvBoWZIpiQWQ9kILXgqCYWGNfS7kr4iGnG0bZVsiV4q19eh/Z5w6MN745CEY7hBOrgwQVcwy00oQUcnuAF3uDdeXZenY9FXQVn2dsR/JHz+QMz5JAg</latexit><latexit sha1_base64="0IEAqVdt3XypOxY8SuT9QpQKJQo=">AAAB73icbZBLSwMxFIXv1FetVVu3boIdoW5Kxo1uBMGNywq2FdqhZNJMG5p5kNxRytif4saFIv4bd/4b08dCWw8EPs5JuDcnSJU0SOm3U9jY3NreKe6W9sr7B4eVarltkkxz0eKJSvRDwIxQMhYtlKjEQ6oFiwIlOsH4ZpZ3HoU2MonvcZIKP2LDWIaSM7RWv1J13R6OBLI6PSNXhLpuv1KjDToXWQdvCTVYqtmvfPUGCc8iESNXzJiuR1P0c6ZRciWmpV5mRMr4mA1F12LMImH8fL76lJxaZ0DCRNsTI5m7v1/kLDJmEgX2ZsRwZFazmflf1s0wvPRzGacZipgvBoWZIpiQWQ9kILXgqCYWGNfS7kr4iGnG0bZVsiV4q19eh/Z5w6MN745CEY7hBOrgwQVcwy00oQUcnuAF3uDdeXZenY9FXQVn2dsR/JHz+QMz5JAg</latexit><latexit sha1_base64="Atloz+LqS9IhxO2DNR4TdpAl2Y0=">AAAB+nicbVDLSgNBEJyNrxhfGz16GcwK8RJmvehFCHrxGME8IFnC7GQ2GTL7YKZXCWs+xYsHRbz6Jd78GyfJHjSxoKGo6qa7y0+k0EDIt1VYW9/Y3Cpul3Z29/YP7PJhS8epYrzJYhmrjk81lyLiTRAgeSdRnIa+5G1/fDPz2w9caRFH9zBJuBfSYSQCwSgYqW+XHacHIw60Ss7wFSaO07crpEbmwKvEzUkF5Wj07a/eIGZpyCNgkmrddUkCXkYVCCb5tNRLNU8oG9Mh7xoa0ZBrL5ufPsWnRhngIFamIsBz9fdERkOtJ6FvOkMKI73szcT/vG4KwaWXiShJgUdssShIJYYYz3LAA6E4AzkxhDIlzK2YjaiiDExaJROCu/zyKmmd11xSc+9IpX6dx1FEx+gEVZGLLlAd3aIGaiKGHtEzekVv1pP1Yr1bH4vWgpXPHKE/sD5/AHXxkYE=</latexit><latexit sha1_base64="Rc0kMnXqoiCJr/M7XuRzvOzzfCQ=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjdQEL6TlohcTohePmAiYQEO2yxY2bLfN7lRDKj/FiweN8eov8ea/cYEeFHzJJC/vzWRmXpAIrsF1v63C2vrG5lZxu7Szu7d/YJcP2zpOFWUtGotY3QdEM8ElawEHwe4TxUgUCNYJxtczv/PAlOaxvINJwvyIDCUPOSVgpL5ddpwejBiQqnuGL7HrOH274tbcOfAq8XJSQTmaffurN4hpGjEJVBCtu56bgJ8RBZwKNi31Us0SQsdkyLqGShIx7Wfz06f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+umEF74GZdJCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI3vLLq6Rdr3luzbutVxpXeRxFdIxOUBV56Bw10A1qohai6BE9o1f0Zj1ZL9a79bFoLVj5zBH6A+vzB3aRkYM=</latexit><latexit sha1_base64="Rc0kMnXqoiCJr/M7XuRzvOzzfCQ=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjdQEL6TlohcTohePmAiYQEO2yxY2bLfN7lRDKj/FiweN8eov8ea/cYEeFHzJJC/vzWRmXpAIrsF1v63C2vrG5lZxu7Szu7d/YJcP2zpOFWUtGotY3QdEM8ElawEHwe4TxUgUCNYJxtczv/PAlOaxvINJwvyIDCUPOSVgpL5ddpwejBiQqnuGL7HrOH274tbcOfAq8XJSQTmaffurN4hpGjEJVBCtu56bgJ8RBZwKNi31Us0SQsdkyLqGShIx7Wfz06f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+umEF74GZdJCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI3vLLq6Rdr3luzbutVxpXeRxFdIxOUBV56Bw10A1qohai6BE9o1f0Zj1ZL9a79bFoLVj5zBH6A+vzB3aRkYM=</latexit><latexit sha1_base64="Rc0kMnXqoiCJr/M7XuRzvOzzfCQ=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjdQEL6TlohcTohePmAiYQEO2yxY2bLfN7lRDKj/FiweN8eov8ea/cYEeFHzJJC/vzWRmXpAIrsF1v63C2vrG5lZxu7Szu7d/YJcP2zpOFWUtGotY3QdEM8ElawEHwe4TxUgUCNYJxtczv/PAlOaxvINJwvyIDCUPOSVgpL5ddpwejBiQqnuGL7HrOH274tbcOfAq8XJSQTmaffurN4hpGjEJVBCtu56bgJ8RBZwKNi31Us0SQsdkyLqGShIx7Wfz06f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+umEF74GZdJCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI3vLLq6Rdr3luzbutVxpXeRxFdIxOUBV56Bw10A1qohai6BE9o1f0Zj1ZL9a79bFoLVj5zBH6A+vzB3aRkYM=</latexit><latexit sha1_base64="Rc0kMnXqoiCJr/M7XuRzvOzzfCQ=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjdQEL6TlohcTohePmAiYQEO2yxY2bLfN7lRDKj/FiweN8eov8ea/cYEeFHzJJC/vzWRmXpAIrsF1v63C2vrG5lZxu7Szu7d/YJcP2zpOFWUtGotY3QdEM8ElawEHwe4TxUgUCNYJxtczv/PAlOaxvINJwvyIDCUPOSVgpL5ddpwejBiQqnuGL7HrOH274tbcOfAq8XJSQTmaffurN4hpGjEJVBCtu56bgJ8RBZwKNi31Us0SQsdkyLqGShIx7Wfz06f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+umEF74GZdJCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI3vLLq6Rdr3luzbutVxpXeRxFdIxOUBV56Bw10A1qohai6BE9o1f0Zj1ZL9a79bFoLVj5zBH6A+vzB3aRkYM=</latexit><latexit sha1_base64="Rc0kMnXqoiCJr/M7XuRzvOzzfCQ=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjdQEL6TlohcTohePmAiYQEO2yxY2bLfN7lRDKj/FiweN8eov8ea/cYEeFHzJJC/vzWRmXpAIrsF1v63C2vrG5lZxu7Szu7d/YJcP2zpOFWUtGotY3QdEM8ElawEHwe4TxUgUCNYJxtczv/PAlOaxvINJwvyIDCUPOSVgpL5ddpwejBiQqnuGL7HrOH274tbcOfAq8XJSQTmaffurN4hpGjEJVBCtu56bgJ8RBZwKNi31Us0SQsdkyLqGShIx7Wfz06f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+umEF74GZdJCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI3vLLq6Rdr3luzbutVxpXeRxFdIxOUBV56Bw10A1qohai6BE9o1f0Zj1ZL9a79bFoLVj5zBH6A+vzB3aRkYM=</latexit><latexit sha1_base64="Rc0kMnXqoiCJr/M7XuRzvOzzfCQ=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjdQEL6TlohcTohePmAiYQEO2yxY2bLfN7lRDKj/FiweN8eov8ea/cYEeFHzJJC/vzWRmXpAIrsF1v63C2vrG5lZxu7Szu7d/YJcP2zpOFWUtGotY3QdEM8ElawEHwe4TxUgUCNYJxtczv/PAlOaxvINJwvyIDCUPOSVgpL5ddpwejBiQqnuGL7HrOH274tbcOfAq8XJSQTmaffurN4hpGjEJVBCtu56bgJ8RBZwKNi31Us0SQsdkyLqGShIx7Wfz06f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+umEF74GZdJCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI3vLLq6Rdr3luzbutVxpXeRxFdIxOUBV56Bw10A1qohai6BE9o1f0Zj1ZL9a79bFoLVj5zBH6A+vzB3aRkYM=</latexit>
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Oculus Developer Guide

𝜃"

𝜃#

𝜃$



Intégration
Développement limité d'ordre 1 (Taylor)
= approximation linéaire de la rotation

✓(t+�t) ⇡ ✓(t) +
d

dt
✓(t)�t+O(�t

2)
<latexit sha1_base64="E9swmZA+2X3J/aAS6/3ebQsS/8U="></latexit><latexit sha1_base64="E9swmZA+2X3J/aAS6/3ebQsS/8U="></latexit><latexit sha1_base64="E9swmZA+2X3J/aAS6/3ebQsS/8U="></latexit><latexit sha1_base64="E9swmZA+2X3J/aAS6/3ebQsS/8U="></latexit>

angle courant

angle précédent

= !
<latexit sha1_base64="ojh4Nq08KqkxlnhV22uForV8tOg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LDaCp5L0oheh6MVjBfsBaSib7aRdutkNuxuhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKQptKrlUvYho4ExA2zDDoZcqIEnEoRtN7uZ+9wmUZlI8mmkKYUJGgsWMEmOlwHVv+jKBEXHdQbXm1b0F8DrxC1JDBVqD6ld/KGmWgDCUE60D30tNmBNlGOUwq/QzDSmhEzKCwFJBEtBhvjh5hi+sMsSxVLaEwQv190ROEq2nSWQ7E2LGetWbi/95QWbi6zBnIs0MCLpcFGccG4nn/+MhU0ANn1pCqGL2VkzHRBFqbEoVG4K/+vI66TTqvlf3Hxq15m0RRxmdoXN0iXx0hZroHrVQG1Ek0TN6RW+OcV6cd+dj2VpyiplT9AfO5w+In5AY</latexit><latexit sha1_base64="ojh4Nq08KqkxlnhV22uForV8tOg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LDaCp5L0oheh6MVjBfsBaSib7aRdutkNuxuhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKQptKrlUvYho4ExA2zDDoZcqIEnEoRtN7uZ+9wmUZlI8mmkKYUJGgsWMEmOlwHVv+jKBEXHdQbXm1b0F8DrxC1JDBVqD6ld/KGmWgDCUE60D30tNmBNlGOUwq/QzDSmhEzKCwFJBEtBhvjh5hi+sMsSxVLaEwQv190ROEq2nSWQ7E2LGetWbi/95QWbi6zBnIs0MCLpcFGccG4nn/+MhU0ANn1pCqGL2VkzHRBFqbEoVG4K/+vI66TTqvlf3Hxq15m0RRxmdoXN0iXx0hZroHrVQG1Ek0TN6RW+OcV6cd+dj2VpyiplT9AfO5w+In5AY</latexit><latexit sha1_base64="ojh4Nq08KqkxlnhV22uForV8tOg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LDaCp5L0oheh6MVjBfsBaSib7aRdutkNuxuhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKQptKrlUvYho4ExA2zDDoZcqIEnEoRtN7uZ+9wmUZlI8mmkKYUJGgsWMEmOlwHVv+jKBEXHdQbXm1b0F8DrxC1JDBVqD6ld/KGmWgDCUE60D30tNmBNlGOUwq/QzDSmhEzKCwFJBEtBhvjh5hi+sMsSxVLaEwQv190ROEq2nSWQ7E2LGetWbi/95QWbi6zBnIs0MCLpcFGccG4nn/+MhU0ANn1pCqGL2VkzHRBFqbEoVG4K/+vI66TTqvlf3Hxq15m0RRxmdoXN0iXx0hZroHrVQG1Ek0TN6RW+OcV6cd+dj2VpyiplT9AfO5w+In5AY</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="YPF7V5nM9ofFu7i1z5ScC17jrVM=">AAAB53icbZBLSwMxFIXv1FetVatbN8GO4KrMuNGNILhxWcE+oB1KJs20oclkSO4IZejPcONCEf+RO/+N6WOhrQcCH+ck5N4TZ1JYDIJvr7S1vbO7V96vHFQPj45rJ9W21blhvMW01KYbU8ulSHkLBUrezQynKpa8E0/u53nnmRsrdPqE04xHio5SkQhG0Vk937/ta8VH1PcHtXrQCBYimxCuoA4rNQe1r/5Qs1zxFJmk1vbCIMOooAYFk3xW6eeWZ5RN6Ij3HKZUcRsVi5Fn5MI5Q5Jo406KZOH+flFQZe1Uxe6moji269nc/C/r5ZjcRIVIsxx5ypYfJbkkqMl8fzIUhjOUUweUGeFmJWxMDWXoWqq4EsL1lTehfdUIg0b4GEAZzuAcLiGEa7iDB2hCCxhoeIE3ePfQe/U+lnWVvFVvp/BH3ucPVBuOvQ==</latexit><latexit sha1_base64="YPF7V5nM9ofFu7i1z5ScC17jrVM=">AAAB53icbZBLSwMxFIXv1FetVatbN8GO4KrMuNGNILhxWcE+oB1KJs20oclkSO4IZejPcONCEf+RO/+N6WOhrQcCH+ck5N4TZ1JYDIJvr7S1vbO7V96vHFQPj45rJ9W21blhvMW01KYbU8ulSHkLBUrezQynKpa8E0/u53nnmRsrdPqE04xHio5SkQhG0Vk937/ta8VH1PcHtXrQCBYimxCuoA4rNQe1r/5Qs1zxFJmk1vbCIMOooAYFk3xW6eeWZ5RN6Ij3HKZUcRsVi5Fn5MI5Q5Jo406KZOH+flFQZe1Uxe6moji269nc/C/r5ZjcRIVIsxx5ypYfJbkkqMl8fzIUhjOUUweUGeFmJWxMDWXoWqq4EsL1lTehfdUIg0b4GEAZzuAcLiGEa7iDB2hCCxhoeIE3ePfQe/U+lnWVvFVvp/BH3ucPVBuOvQ==</latexit><latexit sha1_base64="pbnXjDe3U3Q3W6j72bM9d826Rak=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYFbwFHa96EUIevEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrTgW3EATf3tr6xubWdmmnvLu3f3BYOTpuWZ0ZyppUC206MbFMcMWawEGwTmoYkbFg7Xh8N/PbT8xYrtUjTFIWSTJUPOGUgJO6vn/T05INie/3K9WgFsyBV0lYkCoq0OhXvnoDTTPJFFBBrO2GQQpRTgxwKti03MssSwkdkyHrOqqIZDbK5ydP8blTBjjRxpUCPFd/T+REWjuRseuUBEZ22ZuJ/3ndDJLrKOcqzYApuliUZAKDxrP/8YAbRkFMHCHUcHcrpiNiCAWXUtmFEC6/vEpal7UwqIUPQbV+W8RRQqfoDF2gEF2hOrpHDdREFGn0jF7Rmwfei/fufSxa17xi5gT9gff5A4f/kBY=</latexit><latexit sha1_base64="ojh4Nq08KqkxlnhV22uForV8tOg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LDaCp5L0oheh6MVjBfsBaSib7aRdutkNuxuhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKQptKrlUvYho4ExA2zDDoZcqIEnEoRtN7uZ+9wmUZlI8mmkKYUJGgsWMEmOlwHVv+jKBEXHdQbXm1b0F8DrxC1JDBVqD6ld/KGmWgDCUE60D30tNmBNlGOUwq/QzDSmhEzKCwFJBEtBhvjh5hi+sMsSxVLaEwQv190ROEq2nSWQ7E2LGetWbi/95QWbi6zBnIs0MCLpcFGccG4nn/+MhU0ANn1pCqGL2VkzHRBFqbEoVG4K/+vI66TTqvlf3Hxq15m0RRxmdoXN0iXx0hZroHrVQG1Ek0TN6RW+OcV6cd+dj2VpyiplT9AfO5w+In5AY</latexit><latexit sha1_base64="ojh4Nq08KqkxlnhV22uForV8tOg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LDaCp5L0oheh6MVjBfsBaSib7aRdutkNuxuhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKQptKrlUvYho4ExA2zDDoZcqIEnEoRtN7uZ+9wmUZlI8mmkKYUJGgsWMEmOlwHVv+jKBEXHdQbXm1b0F8DrxC1JDBVqD6ld/KGmWgDCUE60D30tNmBNlGOUwq/QzDSmhEzKCwFJBEtBhvjh5hi+sMsSxVLaEwQv190ROEq2nSWQ7E2LGetWbi/95QWbi6zBnIs0MCLpcFGccG4nn/+MhU0ANn1pCqGL2VkzHRBFqbEoVG4K/+vI66TTqvlf3Hxq15m0RRxmdoXN0iXx0hZroHrVQG1Ek0TN6RW+OcV6cd+dj2VpyiplT9AfO5w+In5AY</latexit><latexit sha1_base64="ojh4Nq08KqkxlnhV22uForV8tOg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LDaCp5L0oheh6MVjBfsBaSib7aRdutkNuxuhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKQptKrlUvYho4ExA2zDDoZcqIEnEoRtN7uZ+9wmUZlI8mmkKYUJGgsWMEmOlwHVv+jKBEXHdQbXm1b0F8DrxC1JDBVqD6ld/KGmWgDCUE60D30tNmBNlGOUwq/QzDSmhEzKCwFJBEtBhvjh5hi+sMsSxVLaEwQv190ROEq2nSWQ7E2LGetWbi/95QWbi6zBnIs0MCLpcFGccG4nn/+MhU0ANn1pCqGL2VkzHRBFqbEoVG4K/+vI66TTqvlf3Hxq15m0RRxmdoXN0iXx0hZroHrVQG1Ek0TN6RW+OcV6cd+dj2VpyiplT9AfO5w+In5AY</latexit><latexit sha1_base64="ojh4Nq08KqkxlnhV22uForV8tOg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LDaCp5L0oheh6MVjBfsBaSib7aRdutkNuxuhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKQptKrlUvYho4ExA2zDDoZcqIEnEoRtN7uZ+9wmUZlI8mmkKYUJGgsWMEmOlwHVv+jKBEXHdQbXm1b0F8DrxC1JDBVqD6ld/KGmWgDCUE60D30tNmBNlGOUwq/QzDSmhEzKCwFJBEtBhvjh5hi+sMsSxVLaEwQv190ROEq2nSWQ7E2LGetWbi/95QWbi6zBnIs0MCLpcFGccG4nn/+MhU0ANn1pCqGL2VkzHRBFqbEoVG4K/+vI66TTqvlf3Hxq15m0RRxmdoXN0iXx0hZroHrVQG1Ek0TN6RW+OcV6cd+dj2VpyiplT9AfO5w+In5AY</latexit><latexit sha1_base64="ojh4Nq08KqkxlnhV22uForV8tOg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LDaCp5L0oheh6MVjBfsBaSib7aRdutkNuxuhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKQptKrlUvYho4ExA2zDDoZcqIEnEoRtN7uZ+9wmUZlI8mmkKYUJGgsWMEmOlwHVv+jKBEXHdQbXm1b0F8DrxC1JDBVqD6ld/KGmWgDCUE60D30tNmBNlGOUwq/QzDSmhEzKCwFJBEtBhvjh5hi+sMsSxVLaEwQv190ROEq2nSWQ7E2LGetWbi/95QWbi6zBnIs0MCLpcFGccG4nn/+MhU0ANn1pCqGL2VkzHRBFqbEoVG4K/+vI66TTqvlf3Hxq15m0RRxmdoXN0iXx0hZroHrVQG1Ek0TN6RW+OcV6cd+dj2VpyiplT9AfO5w+In5AY</latexit><latexit sha1_base64="ojh4Nq08KqkxlnhV22uForV8tOg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LDaCp5L0oheh6MVjBfsBaSib7aRdutkNuxuhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKQptKrlUvYho4ExA2zDDoZcqIEnEoRtN7uZ+9wmUZlI8mmkKYUJGgsWMEmOlwHVv+jKBEXHdQbXm1b0F8DrxC1JDBVqD6ld/KGmWgDCUE60D30tNmBNlGOUwq/QzDSmhEzKCwFJBEtBhvjh5hi+sMsSxVLaEwQv190ROEq2nSWQ7E2LGetWbi/95QWbi6zBnIs0MCLpcFGccG4nn/+MhU0ANn1pCqGL2VkzHRBFqbEoVG4K/+vI66TTqvlf3Hxq15m0RRxmdoXN0iXx0hZroHrVQG1Ek0TN6RW+OcV6cd+dj2VpyiplT9AfO5w+In5AY</latexit>

vitesse angulaire

erreur d’approximation
⟹ incertitude



Intégration
Discrétisation des mesures

avec         le temps entre deux mesures. 

✓̃[k] = ✓̃[k � 1] + !̃[k]�t
<latexit sha1_base64="JonZ685HFTlWRPK0GGIfl/QIuJQ=">AAACL3icbVDJSgNBFOyJW4xb1KOXxkQQxDCTi16EoCIeI5gFMkPo6bwkTXoWut8IYcgfefFXchFRxKt/YWcRNFrQUFTV4/UrP5ZCo22/WJml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX9wNfEbD6C0iMJ7HMbgBawXiq7gDI3Uzt8Uiy4K2YHUxT4gG7UG3sWicup49IR+q1EAvWmOutcgkVEsFtv5gl2yp6B/iTMnBTJHtZ0fu52IJwGEyCXTuuXYMXopUyi4hFHOTTTEjA9YD1qGhiwA7aXTe0f0yCgd2o2UeSHSqfpzImWB1sPAN8mAYV8vehPxP6+VYPfcS0UYJwghny3qJpJiRCfl0Y5QwFEODWFcCfNXyvtMMY6m4pwpwVk8+S+pl0uOXXLuyoXK5byOLDkgh+SYOOSMVMgtqZIa4eSRjMkrebOerGfr3fqYRTPWfGaf/IL1+QXOzajZ</latexit><latexit sha1_base64="JonZ685HFTlWRPK0GGIfl/QIuJQ=">AAACL3icbVDJSgNBFOyJW4xb1KOXxkQQxDCTi16EoCIeI5gFMkPo6bwkTXoWut8IYcgfefFXchFRxKt/YWcRNFrQUFTV4/UrP5ZCo22/WJml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX9wNfEbD6C0iMJ7HMbgBawXiq7gDI3Uzt8Uiy4K2YHUxT4gG7UG3sWicup49IR+q1EAvWmOutcgkVEsFtv5gl2yp6B/iTMnBTJHtZ0fu52IJwGEyCXTuuXYMXopUyi4hFHOTTTEjA9YD1qGhiwA7aXTe0f0yCgd2o2UeSHSqfpzImWB1sPAN8mAYV8vehPxP6+VYPfcS0UYJwghny3qJpJiRCfl0Y5QwFEODWFcCfNXyvtMMY6m4pwpwVk8+S+pl0uOXXLuyoXK5byOLDkgh+SYOOSMVMgtqZIa4eSRjMkrebOerGfr3fqYRTPWfGaf/IL1+QXOzajZ</latexit><latexit sha1_base64="JonZ685HFTlWRPK0GGIfl/QIuJQ=">AAACL3icbVDJSgNBFOyJW4xb1KOXxkQQxDCTi16EoCIeI5gFMkPo6bwkTXoWut8IYcgfefFXchFRxKt/YWcRNFrQUFTV4/UrP5ZCo22/WJml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX9wNfEbD6C0iMJ7HMbgBawXiq7gDI3Uzt8Uiy4K2YHUxT4gG7UG3sWicup49IR+q1EAvWmOutcgkVEsFtv5gl2yp6B/iTMnBTJHtZ0fu52IJwGEyCXTuuXYMXopUyi4hFHOTTTEjA9YD1qGhiwA7aXTe0f0yCgd2o2UeSHSqfpzImWB1sPAN8mAYV8vehPxP6+VYPfcS0UYJwghny3qJpJiRCfl0Y5QwFEODWFcCfNXyvtMMY6m4pwpwVk8+S+pl0uOXXLuyoXK5byOLDkgh+SYOOSMVMgtqZIa4eSRjMkrebOerGfr3fqYRTPWfGaf/IL1+QXOzajZ</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="mFOoxixKGlFssa6TB5EvbZIKoQE=">AAACJHicbZBLSwMxFIXv+LZWrW7dBK0giGXGjW4EQRGXFWwrdIaSSW/b0MyD5I5Qhv4jN/4VNyKK+FNMH4K2HggcvnNDck+YKmnIdd+chcWl5ZXVtfXCRnFza7u0U6ybJNMCayJRiX4IuUElY6yRJIUPqUYehQobYf9qlDceURuZxPc0SDGIeDeWHSk4WdQq3ZTLPknVxtynHhIfNvvBxSw58QJ2zH5oEmF3PMf8a1TEGZXLrdKBW3HHYvPGm5oDmKraKr347URkEcYkFDem6bkpBTnXJIXCYcHPDKZc9HkXm9bGPEIT5ON9h+zQkjbrJNqemNiY/r6R88iYQRTayYhTz8xmI/hf1syocx7kMk4zwlhMHupkilHCRuWxttQoSA2s4UJL+1cmelxzQbbigi3Bm1153tRPK55b8e5cWIM92Icj8OAMLuEWqlADAU/wAu/w4Tw7r87npK4FZ9rbLvyR8/UNlOWnQQ==</latexit><latexit sha1_base64="mFOoxixKGlFssa6TB5EvbZIKoQE=">AAACJHicbZBLSwMxFIXv+LZWrW7dBK0giGXGjW4EQRGXFWwrdIaSSW/b0MyD5I5Qhv4jN/4VNyKK+FNMH4K2HggcvnNDck+YKmnIdd+chcWl5ZXVtfXCRnFza7u0U6ybJNMCayJRiX4IuUElY6yRJIUPqUYehQobYf9qlDceURuZxPc0SDGIeDeWHSk4WdQq3ZTLPknVxtynHhIfNvvBxSw58QJ2zH5oEmF3PMf8a1TEGZXLrdKBW3HHYvPGm5oDmKraKr347URkEcYkFDem6bkpBTnXJIXCYcHPDKZc9HkXm9bGPEIT5ON9h+zQkjbrJNqemNiY/r6R88iYQRTayYhTz8xmI/hf1syocx7kMk4zwlhMHupkilHCRuWxttQoSA2s4UJL+1cmelxzQbbigi3Bm1153tRPK55b8e5cWIM92Icj8OAMLuEWqlADAU/wAu/w4Tw7r87npK4FZ9rbLvyR8/UNlOWnQQ==</latexit><latexit sha1_base64="Yv7lxIMJ71BMRxp6v4+cpGu5NiQ=">AAACL3icbVDJSgNBFOyJW4xb1KOXxkQQxDDjRS9CUBGPEcwCmSH0dF6SJj0L3W+EMOSPvPgruYgo4tW/sLMImljQUFTV4/UrP5ZCo22/Wpml5ZXVtex6bmNza3snv7tX01GiOFR5JCPV8JkGKUKookAJjVgBC3wJdb9/Pfbrj6C0iMIHHMTgBawbio7gDI3Uyt8Wiy4K2YbUxR4gGzb73uW8cup49IT+qFEA3UmOujcgkVEsFlv5gl2yJ6CLxJmRApmh0sqP3HbEkwBC5JJp3XTsGL2UKRRcwjDnJhpixvusC01DQxaA9tLJvUN6ZJQ27UTKvBDpRP09kbJA60Hgm2TAsKfnvbH4n9dMsHPhpSKME4SQTxd1EkkxouPyaFso4CgHhjCuhPkr5T2mGEdTcc6U4MyfvEhqZyXHLjn3dqF8NasjSw7IITkmDjknZXJHKqRKOHkiI/JG3q1n68X6sD6n0Yw1m9knf2B9fQPOLajX</latexit><latexit sha1_base64="JonZ685HFTlWRPK0GGIfl/QIuJQ=">AAACL3icbVDJSgNBFOyJW4xb1KOXxkQQxDCTi16EoCIeI5gFMkPo6bwkTXoWut8IYcgfefFXchFRxKt/YWcRNFrQUFTV4/UrP5ZCo22/WJml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX9wNfEbD6C0iMJ7HMbgBawXiq7gDI3Uzt8Uiy4K2YHUxT4gG7UG3sWicup49IR+q1EAvWmOutcgkVEsFtv5gl2yp6B/iTMnBTJHtZ0fu52IJwGEyCXTuuXYMXopUyi4hFHOTTTEjA9YD1qGhiwA7aXTe0f0yCgd2o2UeSHSqfpzImWB1sPAN8mAYV8vehPxP6+VYPfcS0UYJwghny3qJpJiRCfl0Y5QwFEODWFcCfNXyvtMMY6m4pwpwVk8+S+pl0uOXXLuyoXK5byOLDkgh+SYOOSMVMgtqZIa4eSRjMkrebOerGfr3fqYRTPWfGaf/IL1+QXOzajZ</latexit><latexit sha1_base64="JonZ685HFTlWRPK0GGIfl/QIuJQ=">AAACL3icbVDJSgNBFOyJW4xb1KOXxkQQxDCTi16EoCIeI5gFMkPo6bwkTXoWut8IYcgfefFXchFRxKt/YWcRNFrQUFTV4/UrP5ZCo22/WJml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX9wNfEbD6C0iMJ7HMbgBawXiq7gDI3Uzt8Uiy4K2YHUxT4gG7UG3sWicup49IR+q1EAvWmOutcgkVEsFtv5gl2yp6B/iTMnBTJHtZ0fu52IJwGEyCXTuuXYMXopUyi4hFHOTTTEjA9YD1qGhiwA7aXTe0f0yCgd2o2UeSHSqfpzImWB1sPAN8mAYV8vehPxP6+VYPfcS0UYJwghny3qJpJiRCfl0Y5QwFEODWFcCfNXyvtMMY6m4pwpwVk8+S+pl0uOXXLuyoXK5byOLDkgh+SYOOSMVMgtqZIa4eSRjMkrebOerGfr3fqYRTPWfGaf/IL1+QXOzajZ</latexit><latexit sha1_base64="JonZ685HFTlWRPK0GGIfl/QIuJQ=">AAACL3icbVDJSgNBFOyJW4xb1KOXxkQQxDCTi16EoCIeI5gFMkPo6bwkTXoWut8IYcgfefFXchFRxKt/YWcRNFrQUFTV4/UrP5ZCo22/WJml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX9wNfEbD6C0iMJ7HMbgBawXiq7gDI3Uzt8Uiy4K2YHUxT4gG7UG3sWicup49IR+q1EAvWmOutcgkVEsFtv5gl2yp6B/iTMnBTJHtZ0fu52IJwGEyCXTuuXYMXopUyi4hFHOTTTEjA9YD1qGhiwA7aXTe0f0yCgd2o2UeSHSqfpzImWB1sPAN8mAYV8vehPxP6+VYPfcS0UYJwghny3qJpJiRCfl0Y5QwFEODWFcCfNXyvtMMY6m4pwpwVk8+S+pl0uOXXLuyoXK5byOLDkgh+SYOOSMVMgtqZIa4eSRjMkrebOerGfr3fqYRTPWfGaf/IL1+QXOzajZ</latexit><latexit sha1_base64="JonZ685HFTlWRPK0GGIfl/QIuJQ=">AAACL3icbVDJSgNBFOyJW4xb1KOXxkQQxDCTi16EoCIeI5gFMkPo6bwkTXoWut8IYcgfefFXchFRxKt/YWcRNFrQUFTV4/UrP5ZCo22/WJml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX9wNfEbD6C0iMJ7HMbgBawXiq7gDI3Uzt8Uiy4K2YHUxT4gG7UG3sWicup49IR+q1EAvWmOutcgkVEsFtv5gl2yp6B/iTMnBTJHtZ0fu52IJwGEyCXTuuXYMXopUyi4hFHOTTTEjA9YD1qGhiwA7aXTe0f0yCgd2o2UeSHSqfpzImWB1sPAN8mAYV8vehPxP6+VYPfcS0UYJwghny3qJpJiRCfl0Y5QwFEODWFcCfNXyvtMMY6m4pwpwVk8+S+pl0uOXXLuyoXK5byOLDkgh+SYOOSMVMgtqZIa4eSRjMkrebOerGfr3fqYRTPWfGaf/IL1+QXOzajZ</latexit><latexit sha1_base64="JonZ685HFTlWRPK0GGIfl/QIuJQ=">AAACL3icbVDJSgNBFOyJW4xb1KOXxkQQxDCTi16EoCIeI5gFMkPo6bwkTXoWut8IYcgfefFXchFRxKt/YWcRNFrQUFTV4/UrP5ZCo22/WJml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX9wNfEbD6C0iMJ7HMbgBawXiq7gDI3Uzt8Uiy4K2YHUxT4gG7UG3sWicup49IR+q1EAvWmOutcgkVEsFtv5gl2yp6B/iTMnBTJHtZ0fu52IJwGEyCXTuuXYMXopUyi4hFHOTTTEjA9YD1qGhiwA7aXTe0f0yCgd2o2UeSHSqfpzImWB1sPAN8mAYV8vehPxP6+VYPfcS0UYJwghny3qJpJiRCfl0Y5QwFEODWFcCfNXyvtMMY6m4pwpwVk8+S+pl0uOXXLuyoXK5byOLDkgh+SYOOSMVMgtqZIa4eSRjMkrebOerGfr3fqYRTPWfGaf/IL1+QXOzajZ</latexit><latexit sha1_base64="JonZ685HFTlWRPK0GGIfl/QIuJQ=">AAACL3icbVDJSgNBFOyJW4xb1KOXxkQQxDCTi16EoCIeI5gFMkPo6bwkTXoWut8IYcgfefFXchFRxKt/YWcRNFrQUFTV4/UrP5ZCo22/WJml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX9wNfEbD6C0iMJ7HMbgBawXiq7gDI3Uzt8Uiy4K2YHUxT4gG7UG3sWicup49IR+q1EAvWmOutcgkVEsFtv5gl2yp6B/iTMnBTJHtZ0fu52IJwGEyCXTuuXYMXopUyi4hFHOTTTEjA9YD1qGhiwA7aXTe0f0yCgd2o2UeSHSqfpzImWB1sPAN8mAYV8vehPxP6+VYPfcS0UYJwghny3qJpJiRCfl0Y5QwFEODWFcCfNXyvtMMY6m4pwpwVk8+S+pl0uOXXLuyoXK5byOLDkgh+SYOOSMVMgtqZIa4eSRjMkrebOerGfr3fqYRTPWfGaf/IL1+QXOzajZ</latexit>

�t
<latexit sha1_base64="uI1NaSNa3miH0Yqkw45olsDVWIk=">AAAB83icbVDLSgNBEOyNrxhfUY9eBrOCp7Cbix6DevAYwTwgu4TZyWwyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkEqh0XG+rdLG5tb2Tnm3srd/cHhUPT7p6CRTjLdZIhPVC6jmUsS8jQIl76WK0yiQvBtMbud+94krLZL4Eacp9yM6ikUoGEUjebbt3XGJlKBtD6o1p+4sQNaJW5AaFGgNql/eMGFZxGNkkmrdd50U/ZwqFEzyWcXLNE8pm9AR7xsa04hrP1/cPCMXRhmSMFGmYiQL9fdETiOtp1FgOiOKY73qzcX/vH6G4bWfizjNkMdsuSjMJMGEzAMgQ6E4Qzk1hDIlzK2EjamiDE1MFROCu/ryOuk06q5Tdx8ateZNEUcZzuAcLsGFK2jCPbSgDQxSeIZXeLMy68V6tz6WrSWrmDmFP7A+fwAF05Ba</latexit><latexit sha1_base64="uI1NaSNa3miH0Yqkw45olsDVWIk=">AAAB83icbVDLSgNBEOyNrxhfUY9eBrOCp7Cbix6DevAYwTwgu4TZyWwyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkEqh0XG+rdLG5tb2Tnm3srd/cHhUPT7p6CRTjLdZIhPVC6jmUsS8jQIl76WK0yiQvBtMbud+94krLZL4Eacp9yM6ikUoGEUjebbt3XGJlKBtD6o1p+4sQNaJW5AaFGgNql/eMGFZxGNkkmrdd50U/ZwqFEzyWcXLNE8pm9AR7xsa04hrP1/cPCMXRhmSMFGmYiQL9fdETiOtp1FgOiOKY73qzcX/vH6G4bWfizjNkMdsuSjMJMGEzAMgQ6E4Qzk1hDIlzK2EjamiDE1MFROCu/ryOuk06q5Tdx8ateZNEUcZzuAcLsGFK2jCPbSgDQxSeIZXeLMy68V6tz6WrSWrmDmFP7A+fwAF05Ba</latexit><latexit sha1_base64="uI1NaSNa3miH0Yqkw45olsDVWIk=">AAAB83icbVDLSgNBEOyNrxhfUY9eBrOCp7Cbix6DevAYwTwgu4TZyWwyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkEqh0XG+rdLG5tb2Tnm3srd/cHhUPT7p6CRTjLdZIhPVC6jmUsS8jQIl76WK0yiQvBtMbud+94krLZL4Eacp9yM6ikUoGEUjebbt3XGJlKBtD6o1p+4sQNaJW5AaFGgNql/eMGFZxGNkkmrdd50U/ZwqFEzyWcXLNE8pm9AR7xsa04hrP1/cPCMXRhmSMFGmYiQL9fdETiOtp1FgOiOKY73qzcX/vH6G4bWfizjNkMdsuSjMJMGEzAMgQ6E4Qzk1hDIlzK2EjamiDE1MFROCu/ryOuk06q5Tdx8ateZNEUcZzuAcLsGFK2jCPbSgDQxSeIZXeLMy68V6tz6WrSWrmDmFP7A+fwAF05Ba</latexit><latexit sha1_base64="uI1NaSNa3miH0Yqkw45olsDVWIk=">AAAB83icbVDLSgNBEOyNrxhfUY9eBrOCp7Cbix6DevAYwTwgu4TZyWwyZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkEqh0XG+rdLG5tb2Tnm3srd/cHhUPT7p6CRTjLdZIhPVC6jmUsS8jQIl76WK0yiQvBtMbud+94krLZL4Eacp9yM6ikUoGEUjebbt3XGJlKBtD6o1p+4sQNaJW5AaFGgNql/eMGFZxGNkkmrdd50U/ZwqFEzyWcXLNE8pm9AR7xsa04hrP1/cPCMXRhmSMFGmYiQL9fdETiOtp1FgOiOKY73qzcX/vH6G4bWfizjNkMdsuSjMJMGEzAMgQ6E4Qzk1hDIlzK2EjamiDE1MFROCu/ryOuk06q5Tdx8ateZNEUcZzuAcLsGFK2jCPbSgDQxSeIZXeLMy68V6tz6WrSWrmDmFP7A+fwAF05Ba</latexit>



Propagation des incertitudes
Rotation linéaire en angle, pas de bruit



Propagation des incertitudes
Rotation linéaire en angle, bruit



Propagation des incertitudes
Rotation non-linéaire, pas de bruit

Dérive !



« Navigation à l'estime »
position initiale + nord magnétique (compas) 
+ vitesse du navire (loch) + temps de parcours
⟹ position avec 2 à 5% d’incertitude
⟹ dérive

J. S. Bond –
W

ikipedia



MEMS accéléromètre

https://howtomechatronics.com/how-it-works/electrical-engineering/mems-accelerometer-gyrocope-
magnetometer-arduino/

https://howtomechatronics.com/how-it-works/electrical-engineering/mems-accelerometer-gyrocope-magnetometer-arduino/


Accéléromètre
Mesure : 

vecteur pointant vers le haut 
avec une magnitude de 9.81 m/s2 = 1g

ã = a(g) + a(l) + ⌘
<latexit sha1_base64="/CsmAntT39NV6Wg8XbidCMEyqxA=">AAACEXicbZA9SwNBEIb34leMX1FLm8VEiAjhLo02QtDGMoJRIYlhbjOJS/Y+2J0TwpG/YONfsbFQxNbOzn/j5pLCrxcWHt6ZYXZeP1bSkOt+Orm5+YXFpfxyYWV1bX2juLl1aaJEC2yKSEX62geDSobYJEkKr2ONEPgKr/zh6aR+dYfayCi8oFGMnQAGoexLAWStbrFSLrdJqh6mMObHHG7SymB/zA8yUhm1kaBc7hZLbtXNxP+CN4MSm6nRLX60e5FIAgxJKDCm5bkxdVLQJIXCcaGdGIxBDGGALYshBGg6aXbRmO9Zp8f7kbYvJJ653ydSCIwZBb7tDIBuze/axPyv1kqof9RJZRgnhKGYLuonilPEJ/HwntQoSI0sgNDS/pWLW9AgyIZYsCF4v0/+C5e1qudWvfNaqX4yiyPPdtguqzCPHbI6O2MN1mSC3bNH9sxenAfnyXl13qatOWc2s81+yHn/Aqyzmlw=</latexit><latexit sha1_base64="/CsmAntT39NV6Wg8XbidCMEyqxA=">AAACEXicbZA9SwNBEIb34leMX1FLm8VEiAjhLo02QtDGMoJRIYlhbjOJS/Y+2J0TwpG/YONfsbFQxNbOzn/j5pLCrxcWHt6ZYXZeP1bSkOt+Orm5+YXFpfxyYWV1bX2juLl1aaJEC2yKSEX62geDSobYJEkKr2ONEPgKr/zh6aR+dYfayCi8oFGMnQAGoexLAWStbrFSLrdJqh6mMObHHG7SymB/zA8yUhm1kaBc7hZLbtXNxP+CN4MSm6nRLX60e5FIAgxJKDCm5bkxdVLQJIXCcaGdGIxBDGGALYshBGg6aXbRmO9Zp8f7kbYvJJ653ydSCIwZBb7tDIBuze/axPyv1kqof9RJZRgnhKGYLuonilPEJ/HwntQoSI0sgNDS/pWLW9AgyIZYsCF4v0/+C5e1qudWvfNaqX4yiyPPdtguqzCPHbI6O2MN1mSC3bNH9sxenAfnyXl13qatOWc2s81+yHn/Aqyzmlw=</latexit><latexit sha1_base64="/CsmAntT39NV6Wg8XbidCMEyqxA=">AAACEXicbZA9SwNBEIb34leMX1FLm8VEiAjhLo02QtDGMoJRIYlhbjOJS/Y+2J0TwpG/YONfsbFQxNbOzn/j5pLCrxcWHt6ZYXZeP1bSkOt+Orm5+YXFpfxyYWV1bX2juLl1aaJEC2yKSEX62geDSobYJEkKr2ONEPgKr/zh6aR+dYfayCi8oFGMnQAGoexLAWStbrFSLrdJqh6mMObHHG7SymB/zA8yUhm1kaBc7hZLbtXNxP+CN4MSm6nRLX60e5FIAgxJKDCm5bkxdVLQJIXCcaGdGIxBDGGALYshBGg6aXbRmO9Zp8f7kbYvJJ653ydSCIwZBb7tDIBuze/axPyv1kqof9RJZRgnhKGYLuonilPEJ/HwntQoSI0sgNDS/pWLW9AgyIZYsCF4v0/+C5e1qudWvfNaqX4yiyPPdtguqzCPHbI6O2MN1mSC3bNH9sxenAfnyXl13qatOWc2s81+yHn/Aqyzmlw=</latexit><latexit sha1_base64="/CsmAntT39NV6Wg8XbidCMEyqxA=">AAACEXicbZA9SwNBEIb34leMX1FLm8VEiAjhLo02QtDGMoJRIYlhbjOJS/Y+2J0TwpG/YONfsbFQxNbOzn/j5pLCrxcWHt6ZYXZeP1bSkOt+Orm5+YXFpfxyYWV1bX2juLl1aaJEC2yKSEX62geDSobYJEkKr2ONEPgKr/zh6aR+dYfayCi8oFGMnQAGoexLAWStbrFSLrdJqh6mMObHHG7SymB/zA8yUhm1kaBc7hZLbtXNxP+CN4MSm6nRLX60e5FIAgxJKDCm5bkxdVLQJIXCcaGdGIxBDGGALYshBGg6aXbRmO9Zp8f7kbYvJJ653ydSCIwZBb7tDIBuze/axPyv1kqof9RJZRgnhKGYLuonilPEJ/HwntQoSI0sgNDS/pWLW9AgyIZYsCF4v0/+C5e1qudWvfNaqX4yiyPPdtguqzCPHbI6O2MN1mSC3bNH9sxenAfnyXl13qatOWc2s81+yHn/Aqyzmlw=</latexit>

gravité bruit Gaussien

accélération linéaire

a(g)
<latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="VMFY9Eb6iursRGfid2T93oVb4Us=">AAAB53icbZBLSwMxFIXv1FetVatbN8GOUDdlxo0uBTcuK9gHTMeSSTNtaCYzJHeEMvRnuHGhiP/Inf/G9LHQ1gOBj3MScu+JMikMet63U9ra3tndK+9XDqqHR8e1k2rHpLlmvM1SmepeRA2XQvE2CpS8l2lOk0jybjS5m+fdZ66NSNUjTjMeJnSkRCwYRWsFrkufisbocua6g1rda3oLkU3wV1CHlVqD2ld/mLI84QqZpMYEvpdhWFCNgkk+q/RzwzPKJnTEA4uKJtyExWLkGbmwzpDEqbZHIVm4v18UNDFmmkT2ZkJxbNazuflfFuQY34SFUFmOXLHlR3EuCaZkvj8ZCs0ZyqkFyrSwsxI2ppoytC1VbAn++sqb0Llq+l7Tf/CgDGdwDg3w4Rpu4R5a0AYGKbzAG7w76Lw6H8u6Ss6qt1P4I+fzBwijjoo=</latexit><latexit sha1_base64="VMFY9Eb6iursRGfid2T93oVb4Us=">AAAB53icbZBLSwMxFIXv1FetVatbN8GOUDdlxo0uBTcuK9gHTMeSSTNtaCYzJHeEMvRnuHGhiP/Inf/G9LHQ1gOBj3MScu+JMikMet63U9ra3tndK+9XDqqHR8e1k2rHpLlmvM1SmepeRA2XQvE2CpS8l2lOk0jybjS5m+fdZ66NSNUjTjMeJnSkRCwYRWsFrkufisbocua6g1rda3oLkU3wV1CHlVqD2ld/mLI84QqZpMYEvpdhWFCNgkk+q/RzwzPKJnTEA4uKJtyExWLkGbmwzpDEqbZHIVm4v18UNDFmmkT2ZkJxbNazuflfFuQY34SFUFmOXLHlR3EuCaZkvj8ZCs0ZyqkFyrSwsxI2ppoytC1VbAn++sqb0Llq+l7Tf/CgDGdwDg3w4Rpu4R5a0AYGKbzAG7w76Lw6H8u6Ss6qt1P4I+fzBwijjoo=</latexit><latexit sha1_base64="1vryaOTxuLnCCUglv5N6WTiqoNs=">AAAB8nicbVA9T8MwEHX4LOWrwMhi0SCVpUpYYKxgYSwS/ZDSUDmu01p17Mi+IFVRfwYLAwix8mvY+De4bQZoedJJT+/d6e5elApuwPO+nbX1jc2t7dJOeXdv/+CwcnTcNirTlLWoEkp3I2KY4JK1gINg3VQzkkSCdaLx7czvPDFtuJIPMElZmJCh5DGnBKwUuC55zGvDi6nr9itVr+7NgVeJX5AqKtDsV756A0WzhEmgghgT+F4KYU40cCrYtNzLDEsJHZMhCyyVJGEmzOcnT/G5VQY4VtqWBDxXf0/kJDFmkkS2MyEwMsveTPzPCzKIr8OcyzQDJuliUZwJDArP/scDrhkFMbGEUM3trZiOiCYUbEplG4K//PIqaV/Wfa/u33vVxk0RRwmdojNUQz66Qg10h5qohShS6Bm9ojcHnBfn3flYtK45xcwJ+gPn8wc6Vo/j</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="VMFY9Eb6iursRGfid2T93oVb4Us=">AAAB53icbZBLSwMxFIXv1FetVatbN8GOUDdlxo0uBTcuK9gHTMeSSTNtaCYzJHeEMvRnuHGhiP/Inf/G9LHQ1gOBj3MScu+JMikMet63U9ra3tndK+9XDqqHR8e1k2rHpLlmvM1SmepeRA2XQvE2CpS8l2lOk0jybjS5m+fdZ66NSNUjTjMeJnSkRCwYRWsFrkufisbocua6g1rda3oLkU3wV1CHlVqD2ld/mLI84QqZpMYEvpdhWFCNgkk+q/RzwzPKJnTEA4uKJtyExWLkGbmwzpDEqbZHIVm4v18UNDFmmkT2ZkJxbNazuflfFuQY34SFUFmOXLHlR3EuCaZkvj8ZCs0ZyqkFyrSwsxI2ppoytC1VbAn++sqb0Llq+l7Tf/CgDGdwDg3w4Rpu4R5a0AYGKbzAG7w76Lw6H8u6Ss6qt1P4I+fzBwijjoo=</latexit><latexit sha1_base64="VMFY9Eb6iursRGfid2T93oVb4Us=">AAAB53icbZBLSwMxFIXv1FetVatbN8GOUDdlxo0uBTcuK9gHTMeSSTNtaCYzJHeEMvRnuHGhiP/Inf/G9LHQ1gOBj3MScu+JMikMet63U9ra3tndK+9XDqqHR8e1k2rHpLlmvM1SmepeRA2XQvE2CpS8l2lOk0jybjS5m+fdZ66NSNUjTjMeJnSkRCwYRWsFrkufisbocua6g1rda3oLkU3wV1CHlVqD2ld/mLI84QqZpMYEvpdhWFCNgkk+q/RzwzPKJnTEA4uKJtyExWLkGbmwzpDEqbZHIVm4v18UNDFmmkT2ZkJxbNazuflfFuQY34SFUFmOXLHlR3EuCaZkvj8ZCs0ZyqkFyrSwsxI2ppoytC1VbAn++sqb0Llq+l7Tf/CgDGdwDg3w4Rpu4R5a0AYGKbzAG7w76Lw6H8u6Ss6qt1P4I+fzBwijjoo=</latexit><latexit sha1_base64="1vryaOTxuLnCCUglv5N6WTiqoNs=">AAAB8nicbVA9T8MwEHX4LOWrwMhi0SCVpUpYYKxgYSwS/ZDSUDmu01p17Mi+IFVRfwYLAwix8mvY+De4bQZoedJJT+/d6e5elApuwPO+nbX1jc2t7dJOeXdv/+CwcnTcNirTlLWoEkp3I2KY4JK1gINg3VQzkkSCdaLx7czvPDFtuJIPMElZmJCh5DGnBKwUuC55zGvDi6nr9itVr+7NgVeJX5AqKtDsV756A0WzhEmgghgT+F4KYU40cCrYtNzLDEsJHZMhCyyVJGEmzOcnT/G5VQY4VtqWBDxXf0/kJDFmkkS2MyEwMsveTPzPCzKIr8OcyzQDJuliUZwJDArP/scDrhkFMbGEUM3trZiOiCYUbEplG4K//PIqaV/Wfa/u33vVxk0RRwmdojNUQz66Qg10h5qohShS6Bm9ojcHnBfn3flYtK45xcwJ+gPn8wc6Vo/j</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit><latexit sha1_base64="poaoewfBrm6gR7a0/K3zByFJib4=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmI2eCDbmj0ZJoY4mJfCRwkr1lDzbs7V5250zIhZ9hY6Extv4aO/+NC1yh4EsmeXlvJjPzwkRwA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknt3O/88S04Uo+wDRhQUxGkkecErBSz3XJY1YdXc5cd1CueDVvAbxO/JxUUI7moPzVHyqaxkwCFcSYnu8lEGREA6eCzUr91LCE0AkZsZ6lksTMBNni5Bm+sMoQR0rbkoAX6u+JjMTGTOPQdsYExmbVm4v/eb0Uousg4zJJgUm6XBSlAoPC8//xkGtGQUwtIVRzeyumY6IJBZtSyYbgr768Ttr1mu/V/Pt6pXGTx1FEZ+gcVZGPrlAD3aEmaiGKFHpGr+jNAefFeXc+lq0FJ585RX/gfP4AOvaP5Q==</latexit>



Accéléromètre
Avantages

ü pointe en moyenne vers le haut (up vector)
ü pas de dérive dans le temps 

(le centre de gravité de la terre est fixe)

Inconvénients
✘ mesure bruitée
✘ peu fiable sur un temps court 

à cause du mouvement

⟹ complémentaire au gyroscope 
⟹ correction de la dérive du tilt (pitch & roll)



Suivi de l’orientation en 2D
Un gyroscope :

Accéléromètre 2 axes : :

⟹ combiner et filtrer
les deux mesures 
= sensor fusion

✓̃[k] = ✓̃[k � 1] + !̃[k]�t
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<latexit sha1_base64="44rMx4NKtAOd9/KwlTbCvCV9Ojs=">AAAB9HicdVDLSsNAFJ3UV62vqks3g43gqiRd9LErunFZwT6gDWUymbRDJw9nbgol9DvcuFDErR/jzr9x0kZQ0QMXDufcy733uLHgCizrwyhsbG5t7xR3S3v7B4dH5eOTnooSSVmXRiKSA5coJnjIusBBsEEsGQlcwfru7Drz+3MmFY/CO1jEzAnIJOQ+pwS05JjmCLjwWEqWpjkuV6xqq1Gv1W1sVa0VMtJstJp1bOdKBeXojMvvIy+iScBCoIIoNbStGJyUSOBUsGVplCgWEzojEzbUNCQBU066OnqJL7TiYT+SukLAK/X7REoCpRaBqzsDAlP128vEv7xhAn7TSXkYJ8BCul7kJwJDhLMEsMcloyAWmhAqub4V0ymRhILOqaRD+PoU/096taptVe3bWqV9lcdRRGfoHF0iGzVQG92gDuoiiu7RA3pCz8bceDRejNd1a8HIZ07RDxhvn/yIkZY=</latexit><latexit sha1_base64="44rMx4NKtAOd9/KwlTbCvCV9Ojs=">AAAB9HicdVDLSsNAFJ3UV62vqks3g43gqiRd9LErunFZwT6gDWUymbRDJw9nbgol9DvcuFDErR/jzr9x0kZQ0QMXDufcy733uLHgCizrwyhsbG5t7xR3S3v7B4dH5eOTnooSSVmXRiKSA5coJnjIusBBsEEsGQlcwfru7Drz+3MmFY/CO1jEzAnIJOQ+pwS05JjmCLjwWEqWpjkuV6xqq1Gv1W1sVa0VMtJstJp1bOdKBeXojMvvIy+iScBCoIIoNbStGJyUSOBUsGVplCgWEzojEzbUNCQBU066OnqJL7TiYT+SukLAK/X7REoCpRaBqzsDAlP128vEv7xhAn7TSXkYJ8BCul7kJwJDhLMEsMcloyAWmhAqub4V0ymRhILOqaRD+PoU/096taptVe3bWqV9lcdRRGfoHF0iGzVQG92gDuoiiu7RA3pCz8bceDRejNd1a8HIZ07RDxhvn/yIkZY=</latexit><latexit sha1_base64="44rMx4NKtAOd9/KwlTbCvCV9Ojs=">AAAB9HicdVDLSsNAFJ3UV62vqks3g43gqiRd9LErunFZwT6gDWUymbRDJw9nbgol9DvcuFDErR/jzr9x0kZQ0QMXDufcy733uLHgCizrwyhsbG5t7xR3S3v7B4dH5eOTnooSSVmXRiKSA5coJnjIusBBsEEsGQlcwfru7Drz+3MmFY/CO1jEzAnIJOQ+pwS05JjmCLjwWEqWpjkuV6xqq1Gv1W1sVa0VMtJstJp1bOdKBeXojMvvIy+iScBCoIIoNbStGJyUSOBUsGVplCgWEzojEzbUNCQBU066OnqJL7TiYT+SukLAK/X7REoCpRaBqzsDAlP128vEv7xhAn7TSXkYJ8BCul7kJwJDhLMEsMcloyAWmhAqub4V0ymRhILOqaRD+PoU/096taptVe3bWqV9lcdRRGfoHF0iGzVQG92gDuoiiu7RA3pCz8bceDRejNd1a8HIZ07RDxhvn/yIkZY=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="c93Vaz7UGRXfh356qMyEYHBll6g=">AAAB6XicbZDNSsNAFIVv6l+tVatbN8FGcFUSN7oU3LisYFuhDWUyuW2HTiZx5qZQQp/DjQtFfCF3vo3Tn4W2Hhj4OGeGe+dEmRSGfP/bKW1t7+zulfcrB9XDo+PaSbVt0lxzbPFUpvopYgalUNgiQRKfMo0siSR2ovHdPO9MUBuRqkeaZhgmbKjEQHBG1go9r0dCxliwmef1a3W/4S/kbkKwgjqs1OzXvnpxyvMEFXHJjOkGfkZhwTQJLnFW6eUGM8bHbIhdi4olaMJisfTMvbBO7A5SbY8id+H+flGwxJhpEtmbCaORWc/m5n9ZN6fBTVgIleWEii8HDXLpUurOG3BjoZGTnFpgXAu7q8tHTDNOtqeKLSFY//ImtK8agd8IHnwowxmcwyUEcA23cA9NaAGHZ3iBN3h3Js6r87Gsq+SsejuFP3I+fwBXSI/0</latexit><latexit sha1_base64="OQinJdqOOrWmr2FfOVeLqSfhddw=">AAAB6XicdZDNS8MwGMbf+jnn1OnVS3AVPJV2h33cBC8eJ7gP2MpI03QLS9OapINR9nd48aCI/5A3/xvTbYKKPhB4+D0J75snSDlT2nU/rK3tnd29/dJB+bBydHxSPa30VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB/Mboq8P6dSsUTc60VK/RhPBIsYwdog37ZHmvGQ5nhp2+NqzXXazUa94SHXcVcqTKvZbjWQtyE12Kgzrr6PwoRkMRWacKzU0HNT7edYakY4XZZHmaIpJjM8oUNjBY6p8vPV0kt0aUiIokSaIzRa0e8vchwrtYgDczPGeqp+ZwX8KxtmOmr5ORNppqkg60FRxpFOUNEACpmkRPOFMZhIZnZFZIolJtr0VDYlfP0U/W96dcdzHe/OhRKcwwVcgQdNuIZb6EAXCDzAIzzDizW3nqzXdV1b1qa3M/gh6+0Tt/aQOQ==</latexit><latexit sha1_base64="7DNiBg61m4pA4wtnGeoB52R6e2k=">AAAB9HicdVDLSsNAFJ3UV62vqks3g43gqky66GNXdOOygn1AG8pkMmmHTiZxZlIood/hxoUibv0Yd/6NkzaCih64cDjnXu69x4s5UxqhD6uwsbm1vVPcLe3tHxwelY9PeipKJKFdEvFIDjysKGeCdjXTnA5iSXHocdr3ZteZ359TqVgk7vQipm6IJ4IFjGBtJNe2R5pxn6Z4advjcgVVW416re5AVEUrZKTZaDXr0MmVCsjRGZffR35EkpAKTThWauigWLsplpoRTpelUaJojMkMT+jQUIFDqtx0dfQSXhjFh0EkTQkNV+r3iRSHSi1Cz3SGWE/Vby8T//KGiQ6abspEnGgqyHpRkHCoI5glAH0mKdF8YQgmkplbIZliiYk2OZVMCF+fwv9Jr1Z1UNW5RZX2VR5HEZyBc3AJHNAAbXADOqALCLgHD+AJPFtz69F6sV7XrQUrnzkFP2C9fQL76JGU</latexit><latexit sha1_base64="44rMx4NKtAOd9/KwlTbCvCV9Ojs=">AAAB9HicdVDLSsNAFJ3UV62vqks3g43gqiRd9LErunFZwT6gDWUymbRDJw9nbgol9DvcuFDErR/jzr9x0kZQ0QMXDufcy733uLHgCizrwyhsbG5t7xR3S3v7B4dH5eOTnooSSVmXRiKSA5coJnjIusBBsEEsGQlcwfru7Drz+3MmFY/CO1jEzAnIJOQ+pwS05JjmCLjwWEqWpjkuV6xqq1Gv1W1sVa0VMtJstJp1bOdKBeXojMvvIy+iScBCoIIoNbStGJyUSOBUsGVplCgWEzojEzbUNCQBU066OnqJL7TiYT+SukLAK/X7REoCpRaBqzsDAlP128vEv7xhAn7TSXkYJ8BCul7kJwJDhLMEsMcloyAWmhAqub4V0ymRhILOqaRD+PoU/096taptVe3bWqV9lcdRRGfoHF0iGzVQG92gDuoiiu7RA3pCz8bceDRejNd1a8HIZ07RDxhvn/yIkZY=</latexit><latexit sha1_base64="44rMx4NKtAOd9/KwlTbCvCV9Ojs=">AAAB9HicdVDLSsNAFJ3UV62vqks3g43gqiRd9LErunFZwT6gDWUymbRDJw9nbgol9DvcuFDErR/jzr9x0kZQ0QMXDufcy733uLHgCizrwyhsbG5t7xR3S3v7B4dH5eOTnooSSVmXRiKSA5coJnjIusBBsEEsGQlcwfru7Drz+3MmFY/CO1jEzAnIJOQ+pwS05JjmCLjwWEqWpjkuV6xqq1Gv1W1sVa0VMtJstJp1bOdKBeXojMvvIy+iScBCoIIoNbStGJyUSOBUsGVplCgWEzojEzbUNCQBU066OnqJL7TiYT+SukLAK/X7REoCpRaBqzsDAlP128vEv7xhAn7TSXkYJ8BCul7kJwJDhLMEsMcloyAWmhAqub4V0ymRhILOqaRD+PoU/096taptVe3bWqV9lcdRRGfoHF0iGzVQG92gDuoiiu7RA3pCz8bceDRejNd1a8HIZ07RDxhvn/yIkZY=</latexit><latexit sha1_base64="44rMx4NKtAOd9/KwlTbCvCV9Ojs=">AAAB9HicdVDLSsNAFJ3UV62vqks3g43gqiRd9LErunFZwT6gDWUymbRDJw9nbgol9DvcuFDErR/jzr9x0kZQ0QMXDufcy733uLHgCizrwyhsbG5t7xR3S3v7B4dH5eOTnooSSVmXRiKSA5coJnjIusBBsEEsGQlcwfru7Drz+3MmFY/CO1jEzAnIJOQ+pwS05JjmCLjwWEqWpjkuV6xqq1Gv1W1sVa0VMtJstJp1bOdKBeXojMvvIy+iScBCoIIoNbStGJyUSOBUsGVplCgWEzojEzbUNCQBU066OnqJL7TiYT+SukLAK/X7REoCpRaBqzsDAlP128vEv7xhAn7TSXkYJ8BCul7kJwJDhLMEsMcloyAWmhAqub4V0ymRhILOqaRD+PoU/096taptVe3bWqV9lcdRRGfoHF0iGzVQG92gDuoiiu7RA3pCz8bceDRejNd1a8HIZ07RDxhvn/yIkZY=</latexit><latexit sha1_base64="44rMx4NKtAOd9/KwlTbCvCV9Ojs=">AAAB9HicdVDLSsNAFJ3UV62vqks3g43gqiRd9LErunFZwT6gDWUymbRDJw9nbgol9DvcuFDErR/jzr9x0kZQ0QMXDufcy733uLHgCizrwyhsbG5t7xR3S3v7B4dH5eOTnooSSVmXRiKSA5coJnjIusBBsEEsGQlcwfru7Drz+3MmFY/CO1jEzAnIJOQ+pwS05JjmCLjwWEqWpjkuV6xqq1Gv1W1sVa0VMtJstJp1bOdKBeXojMvvIy+iScBCoIIoNbStGJyUSOBUsGVplCgWEzojEzbUNCQBU066OnqJL7TiYT+SukLAK/X7REoCpRaBqzsDAlP128vEv7xhAn7TSXkYJ8BCul7kJwJDhLMEsMcloyAWmhAqub4V0ymRhILOqaRD+PoU/096taptVe3bWqV9lcdRRGfoHF0iGzVQG92gDuoiiu7RA3pCz8bceDRejNd1a8HIZ07RDxhvn/yIkZY=</latexit><latexit sha1_base64="44rMx4NKtAOd9/KwlTbCvCV9Ojs=">AAAB9HicdVDLSsNAFJ3UV62vqks3g43gqiRd9LErunFZwT6gDWUymbRDJw9nbgol9DvcuFDErR/jzr9x0kZQ0QMXDufcy733uLHgCizrwyhsbG5t7xR3S3v7B4dH5eOTnooSSVmXRiKSA5coJnjIusBBsEEsGQlcwfru7Drz+3MmFY/CO1jEzAnIJOQ+pwS05JjmCLjwWEqWpjkuV6xqq1Gv1W1sVa0VMtJstJp1bOdKBeXojMvvIy+iScBCoIIoNbStGJyUSOBUsGVplCgWEzojEzbUNCQBU066OnqJL7TiYT+SukLAK/X7REoCpRaBqzsDAlP128vEv7xhAn7TSXkYJ8BCul7kJwJDhLMEsMcloyAWmhAqub4V0ymRhILOqaRD+PoU/096taptVe3bWqV9lcdRRGfoHF0iGzVQG92gDuoiiu7RA3pCz8bceDRejNd1a8HIZ07RDxhvn/yIkZY=</latexit><latexit sha1_base64="44rMx4NKtAOd9/KwlTbCvCV9Ojs=">AAAB9HicdVDLSsNAFJ3UV62vqks3g43gqiRd9LErunFZwT6gDWUymbRDJw9nbgol9DvcuFDErR/jzr9x0kZQ0QMXDufcy733uLHgCizrwyhsbG5t7xR3S3v7B4dH5eOTnooSSVmXRiKSA5coJnjIusBBsEEsGQlcwfru7Drz+3MmFY/CO1jEzAnIJOQ+pwS05JjmCLjwWEqWpjkuV6xqq1Gv1W1sVa0VMtJstJp1bOdKBeXojMvvIy+iScBCoIIoNbStGJyUSOBUsGVplCgWEzojEzbUNCQBU066OnqJL7TiYT+SukLAK/X7REoCpRaBqzsDAlP128vEv7xhAn7TSXkYJ8BCul7kJwJDhLMEsMcloyAWmhAqub4V0ymRhILOqaRD+PoU/096taptVe3bWqV9lcdRRGfoHF0iGzVQG92gDuoiiu7RA3pCz8bceDRejNd1a8HIZ07RDxhvn/yIkZY=</latexit>

✓acc = tan�1

✓
ãx
ãy

◆

<latexit sha1_base64="sRvxil3BBAzb2uttpi1jBzShAOE="></latexit><latexit sha1_base64="sRvxil3BBAzb2uttpi1jBzShAOE="></latexit><latexit sha1_base64="sRvxil3BBAzb2uttpi1jBzShAOE="></latexit><latexit sha1_base64="sRvxil3BBAzb2uttpi1jBzShAOE="></latexit>

x(body)

y(body)

ã = (ãx, ãy)
<latexit sha1_base64="BgoR+aEkBtiAiyCibM8qD3/Ra10=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAjVJAy041uhKIblxXsBdoyZNJMG5rJDMkZsQx9Dze+ihsXirgSXPg2phe8tB4IfPnPOST/78eCa3CcTyuztLyyupZdz21sbm3v5Hf36jpKFGU1GolINX2imeCS1YCDYM1YMRL6gjX8weW437hlSvNI3sAwZp2Q9CQPOCVgJC9ftu12SKDvB2kbuOiylIxG+BwXv2/e3ckPD49t28sXnJIzKbwI7gwKaFZVL//e7kY0CZkEKojWLdeJoZMSBZwKNsq1E81iQgekx1oGJQmZ7qQTbyN8ZJQuDiJljgQ8UX9vpCTUehj6ZnLsQ8/3xuJ/vVYCwVkn5TJOgEk6fShIBIYIj4PCXa4YBTE0QKji5q+Y9okiFEycOROCO295Eerlkmv4ulyoXMziyKIDdIiKyEWnqIKuUBXVEEX36BE9oxfrwXqyXq236WjGmu3soz9lfXwBUZ+g8Q==</latexit><latexit sha1_base64="BgoR+aEkBtiAiyCibM8qD3/Ra10=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAjVJAy041uhKIblxXsBdoyZNJMG5rJDMkZsQx9Dze+ihsXirgSXPg2phe8tB4IfPnPOST/78eCa3CcTyuztLyyupZdz21sbm3v5Hf36jpKFGU1GolINX2imeCS1YCDYM1YMRL6gjX8weW437hlSvNI3sAwZp2Q9CQPOCVgJC9ftu12SKDvB2kbuOiylIxG+BwXv2/e3ckPD49t28sXnJIzKbwI7gwKaFZVL//e7kY0CZkEKojWLdeJoZMSBZwKNsq1E81iQgekx1oGJQmZ7qQTbyN8ZJQuDiJljgQ8UX9vpCTUehj6ZnLsQ8/3xuJ/vVYCwVkn5TJOgEk6fShIBIYIj4PCXa4YBTE0QKji5q+Y9okiFEycOROCO295Eerlkmv4ulyoXMziyKIDdIiKyEWnqIKuUBXVEEX36BE9oxfrwXqyXq236WjGmu3soz9lfXwBUZ+g8Q==</latexit><latexit sha1_base64="BgoR+aEkBtiAiyCibM8qD3/Ra10=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAjVJAy041uhKIblxXsBdoyZNJMG5rJDMkZsQx9Dze+ihsXirgSXPg2phe8tB4IfPnPOST/78eCa3CcTyuztLyyupZdz21sbm3v5Hf36jpKFGU1GolINX2imeCS1YCDYM1YMRL6gjX8weW437hlSvNI3sAwZp2Q9CQPOCVgJC9ftu12SKDvB2kbuOiylIxG+BwXv2/e3ckPD49t28sXnJIzKbwI7gwKaFZVL//e7kY0CZkEKojWLdeJoZMSBZwKNsq1E81iQgekx1oGJQmZ7qQTbyN8ZJQuDiJljgQ8UX9vpCTUehj6ZnLsQ8/3xuJ/vVYCwVkn5TJOgEk6fShIBIYIj4PCXa4YBTE0QKji5q+Y9okiFEycOROCO295Eerlkmv4ulyoXMziyKIDdIiKyEWnqIKuUBXVEEX36BE9oxfrwXqyXq236WjGmu3soz9lfXwBUZ+g8Q==</latexit><latexit sha1_base64="BgoR+aEkBtiAiyCibM8qD3/Ra10=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAjVJAy041uhKIblxXsBdoyZNJMG5rJDMkZsQx9Dze+ihsXirgSXPg2phe8tB4IfPnPOST/78eCa3CcTyuztLyyupZdz21sbm3v5Hf36jpKFGU1GolINX2imeCS1YCDYM1YMRL6gjX8weW437hlSvNI3sAwZp2Q9CQPOCVgJC9ftu12SKDvB2kbuOiylIxG+BwXv2/e3ckPD49t28sXnJIzKbwI7gwKaFZVL//e7kY0CZkEKojWLdeJoZMSBZwKNsq1E81iQgekx1oGJQmZ7qQTbyN8ZJQuDiJljgQ8UX9vpCTUehj6ZnLsQ8/3xuJ/vVYCwVkn5TJOgEk6fShIBIYIj4PCXa4YBTE0QKji5q+Y9okiFEycOROCO295Eerlkmv4ulyoXMziyKIDdIiKyEWnqIKuUBXVEEX36BE9oxfrwXqyXq236WjGmu3soz9lfXwBUZ+g8Q==</latexit>



Sensor fusion
Filtre simple : interpolation linéaire :

avec 
✓̃[k] = ↵(✓̃[k � 1] + !̃[k]�t) + (1� ↵) tan�1

✓
ãx
ãy

◆

<latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="GbLSOGLsW3lkHVIQS+aVvhoiHN0="></latexit><latexit sha1_base64="GbLSOGLsW3lkHVIQS+aVvhoiHN0="></latexit><latexit sha1_base64="vvYzE6pGEKi99/jeIAyebiOCO+s="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit>

gyroscope

accéléromètre

interpolation linéaire

↵ 2 [0, 1]
<latexit sha1_base64="HmleGsiAhdZEr/y+misbYIq8wQE=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IjeJCS9KLHohePFWwtJKFstpt26WYTdjdCLcW/4sWDIl79H978N27bHLT1wcDjvRlm5kUZZ0q77rdVWlldW98ob1a2tnd29+z9g7ZKc0loi6Q8lZ0IK8qZoC3NNKedTFKcRJzeR8PrqX//QKViqbjTo4yGCe4LFjOCtZG69pHjBJhnA4wCJpDvnnuh43TtqltzZ0DLxCtIFQo0u/ZX0EtJnlChCcdK+Z6b6XCMpWaE00klyBXNMBniPvUNFTihKhzPrp+gU6P0UJxKU0Kjmfp7YowTpUZJZDoTrAdq0ZuK/3l+ruPLcMxElmsqyHxRnHOkUzSNAvWYpETzkSGYSGZuRWSAJSbaBFYxIXiLLy+Tdr3muTXvtl5tXBVxlOEYTuAMPLiABtxAE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/ADZ7kxs=</latexit><latexit sha1_base64="HmleGsiAhdZEr/y+misbYIq8wQE=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IjeJCS9KLHohePFWwtJKFstpt26WYTdjdCLcW/4sWDIl79H978N27bHLT1wcDjvRlm5kUZZ0q77rdVWlldW98ob1a2tnd29+z9g7ZKc0loi6Q8lZ0IK8qZoC3NNKedTFKcRJzeR8PrqX//QKViqbjTo4yGCe4LFjOCtZG69pHjBJhnA4wCJpDvnnuh43TtqltzZ0DLxCtIFQo0u/ZX0EtJnlChCcdK+Z6b6XCMpWaE00klyBXNMBniPvUNFTihKhzPrp+gU6P0UJxKU0Kjmfp7YowTpUZJZDoTrAdq0ZuK/3l+ruPLcMxElmsqyHxRnHOkUzSNAvWYpETzkSGYSGZuRWSAJSbaBFYxIXiLLy+Tdr3muTXvtl5tXBVxlOEYTuAMPLiABtxAE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/ADZ7kxs=</latexit><latexit sha1_base64="HmleGsiAhdZEr/y+misbYIq8wQE=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IjeJCS9KLHohePFWwtJKFstpt26WYTdjdCLcW/4sWDIl79H978N27bHLT1wcDjvRlm5kUZZ0q77rdVWlldW98ob1a2tnd29+z9g7ZKc0loi6Q8lZ0IK8qZoC3NNKedTFKcRJzeR8PrqX//QKViqbjTo4yGCe4LFjOCtZG69pHjBJhnA4wCJpDvnnuh43TtqltzZ0DLxCtIFQo0u/ZX0EtJnlChCcdK+Z6b6XCMpWaE00klyBXNMBniPvUNFTihKhzPrp+gU6P0UJxKU0Kjmfp7YowTpUZJZDoTrAdq0ZuK/3l+ruPLcMxElmsqyHxRnHOkUzSNAvWYpETzkSGYSGZuRWSAJSbaBFYxIXiLLy+Tdr3muTXvtl5tXBVxlOEYTuAMPLiABtxAE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/ADZ7kxs=</latexit><latexit sha1_base64="HmleGsiAhdZEr/y+misbYIq8wQE=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IjeJCS9KLHohePFWwtJKFstpt26WYTdjdCLcW/4sWDIl79H978N27bHLT1wcDjvRlm5kUZZ0q77rdVWlldW98ob1a2tnd29+z9g7ZKc0loi6Q8lZ0IK8qZoC3NNKedTFKcRJzeR8PrqX//QKViqbjTo4yGCe4LFjOCtZG69pHjBJhnA4wCJpDvnnuh43TtqltzZ0DLxCtIFQo0u/ZX0EtJnlChCcdK+Z6b6XCMpWaE00klyBXNMBniPvUNFTihKhzPrp+gU6P0UJxKU0Kjmfp7YowTpUZJZDoTrAdq0ZuK/3l+ruPLcMxElmsqyHxRnHOkUzSNAvWYpETzkSGYSGZuRWSAJSbaBFYxIXiLLy+Tdr3muTXvtl5tXBVxlOEYTuAMPLiABtxAE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/ADZ7kxs=</latexit>



Sensor fusion
Interpolation linéaire :

avec 

Gyroscope dérive progressivement dans le temps
⟹ choisir proche de 1

✓̃[k] = ↵(✓̃[k � 1] + !̃[k]�t) + (1� ↵) tan�1

✓
ãx
ãy

◆

<latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="GbLSOGLsW3lkHVIQS+aVvhoiHN0="></latexit><latexit sha1_base64="GbLSOGLsW3lkHVIQS+aVvhoiHN0="></latexit><latexit sha1_base64="vvYzE6pGEKi99/jeIAyebiOCO+s="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit><latexit sha1_base64="Ra5ik+e98DGeRK8nbGdoXMDAVEk="></latexit> ↵ 2 [0, 1]
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||ã|| = Rz(�qz)Rx(�qx)Ry(�qy)

0

@
0
1
0

1

A

<latexit sha1_base64="mmo+4yQu85et1myG0rKzxMbjIkI="></latexit><latexit sha1_base64="mmo+4yQu85et1myG0rKzxMbjIkI="></latexit><latexit sha1_base64="mmo+4yQu85et1myG0rKzxMbjIkI="></latexit><latexit sha1_base64="mmo+4yQu85et1myG0rKzxMbjIkI="></latexit>

Mesure du tilt (pitch & roll) en 3D
Accéléromètres à 3 axes et pas de forces externes
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𝜃$vecteur gravité normalisé
dans le repère du capteur

up-vector dans le repère monde



â =
ã
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Mesure du tilt (pitch & roll) en 3D
Accéléromètres à 3 axes et pas de forces externes

⟹ indépendant de 𝜃"
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Mesure du roll 𝜃#

⟹

Oculus Developer Guide

𝜃"

𝜃#

𝜃$

âx

ây
=

�sin(�qz)

cos(�qz)
=� tan(�qz)
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qz =� tan�1
✓
� âx

ây

◆
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Mesure du pitch 𝜃$
ambiguqx =�sin�1(âz)
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Mesure du pitch 𝜃$

⟹
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âzq
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x + â2
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=
sin(�qx)q

cos2(�qx)(sin2(�qz)+ cos2(�qz))
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=
sin(�qx)

cos(�qx)
= tan(�qx)
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Suivi de l’orientation 3D
1. Intégration de la vitesse mesurée 

par un gyroscope 3 axes

2. Calcul du tilt
à partir d’un accéléromètre 3 axes

3. Sensor fusion



Gyroscope 3 axes
Mesure le vecteur 3D :

• axe de rotation :

• angle :  

Intégration :
multiplication de deux quaternions

Initialisation : 

quaternion �q̃
<latexit sha1_base64="1V8KURZuwLevrR2w2c/OPWz+VKA=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NCaCpzCTix6DevAYwSyQCaGnU5M06VnsrhHiEPwVLx4U8ep/ePNv7CwHTXxQ8Hiviqp6fiKFRsf5tnIrq2vrG/nNwtb2zu6evX/Q0HGqONR5LGPV8pkGKSKoo0AJrUQBC30JTX94NfGbD6C0iKM7HCXQCVk/EoHgDI3UtY9KJe8aJDLqoZA9yO7HpVLXLjplZwq6TNw5KZI5al37y+vFPA0hQi6Z1m3XSbCTMYWCSxgXvFRDwviQ9aFtaMRC0J1sev2YnhqlR4NYmYqQTtXfExkLtR6FvukMGQ70ojcR//PaKQYXnUxESYoQ8dmiIJUUYzqJgvaEAo5yZAjjSphbKR8wxTiawAomBHfx5WXSqJRdp+zeVorVy3kceXJMTsgZcck5qZIbUiN1wskjeSav5M16sl6sd+tj1pqz5jOH5A+szx/zi5Q+</latexit><latexit sha1_base64="1V8KURZuwLevrR2w2c/OPWz+VKA=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NCaCpzCTix6DevAYwSyQCaGnU5M06VnsrhHiEPwVLx4U8ep/ePNv7CwHTXxQ8Hiviqp6fiKFRsf5tnIrq2vrG/nNwtb2zu6evX/Q0HGqONR5LGPV8pkGKSKoo0AJrUQBC30JTX94NfGbD6C0iKM7HCXQCVk/EoHgDI3UtY9KJe8aJDLqoZA9yO7HpVLXLjplZwq6TNw5KZI5al37y+vFPA0hQi6Z1m3XSbCTMYWCSxgXvFRDwviQ9aFtaMRC0J1sev2YnhqlR4NYmYqQTtXfExkLtR6FvukMGQ70ojcR//PaKQYXnUxESYoQ8dmiIJUUYzqJgvaEAo5yZAjjSphbKR8wxTiawAomBHfx5WXSqJRdp+zeVorVy3kceXJMTsgZcck5qZIbUiN1wskjeSav5M16sl6sd+tj1pqz5jOH5A+szx/zi5Q+</latexit><latexit sha1_base64="1V8KURZuwLevrR2w2c/OPWz+VKA=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NCaCpzCTix6DevAYwSyQCaGnU5M06VnsrhHiEPwVLx4U8ep/ePNv7CwHTXxQ8Hiviqp6fiKFRsf5tnIrq2vrG/nNwtb2zu6evX/Q0HGqONR5LGPV8pkGKSKoo0AJrUQBC30JTX94NfGbD6C0iKM7HCXQCVk/EoHgDI3UtY9KJe8aJDLqoZA9yO7HpVLXLjplZwq6TNw5KZI5al37y+vFPA0hQi6Z1m3XSbCTMYWCSxgXvFRDwviQ9aFtaMRC0J1sev2YnhqlR4NYmYqQTtXfExkLtR6FvukMGQ70ojcR//PaKQYXnUxESYoQ8dmiIJUUYzqJgvaEAo5yZAjjSphbKR8wxTiawAomBHfx5WXSqJRdp+zeVorVy3kceXJMTsgZcck5qZIbUiN1wskjeSav5M16sl6sd+tj1pqz5jOH5A+szx/zi5Q+</latexit><latexit sha1_base64="1V8KURZuwLevrR2w2c/OPWz+VKA=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NCaCpzCTix6DevAYwSyQCaGnU5M06VnsrhHiEPwVLx4U8ep/ePNv7CwHTXxQ8Hiviqp6fiKFRsf5tnIrq2vrG/nNwtb2zu6evX/Q0HGqONR5LGPV8pkGKSKoo0AJrUQBC30JTX94NfGbD6C0iKM7HCXQCVk/EoHgDI3UtY9KJe8aJDLqoZA9yO7HpVLXLjplZwq6TNw5KZI5al37y+vFPA0hQi6Z1m3XSbCTMYWCSxgXvFRDwviQ9aFtaMRC0J1sev2YnhqlR4NYmYqQTtXfExkLtR6FvukMGQ70ojcR//PaKQYXnUxESYoQ8dmiIJUUYzqJgvaEAo5yZAjjSphbKR8wxTiawAomBHfx5WXSqJRdp+zeVorVy3kceXJMTsgZcck5qZIbUiN1wskjeSav5M16sl6sd+tj1pqz5jOH5A+szx/zi5Q+</latexit>
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q̃[k] = q̃[k�1]Dq̃[k]
<latexit sha1_base64="EMckJXdvNNPsQFnguwwDNZbBuoo=">AAACMXicbVC5TgMxEPWGK4QrQEljkSDREO2mgQYpAgrKIJFDSlaR15kkVrwH9iwiWuU/+A96WviFdIgKiZ/AOYocjGTp+b03M/bzIik02vbISq2tb2xupbczO7t7+wfZw6OqDmPFocJDGaq6xzRIEUAFBUqoRwqY70moef3bsV57BqVFGDziIALXZ91AdARnaKhWtpjPN1HINiRPw0bfvZ67XDgubd6BRDbvyOdb2ZxdsCdFV4EzAzkyq3Ir+9Nshzz2IUAumdYNx47QTZhCwSUMM81YQ8R4n3WhYWDAfNBuMvnbkJ4Zpk07oTInQDph5zsS5ms98D3j9Bn29LI2Jv/TGjF2rtxEBFGMEPDpok4sKYZ0HBRtCwUc5cAAxpUwb6W8xxTjaOJc2DKeHaH/MsyYaJzlIFZBtVhw7ILzUMyVbmYhpckJOSXnxCGXpETuSZlUCCev5J18kE/rzRpZX9b31JqyZj3HZKGs3z/KeaqK</latexit><latexit sha1_base64="EMckJXdvNNPsQFnguwwDNZbBuoo=">AAACMXicbVC5TgMxEPWGK4QrQEljkSDREO2mgQYpAgrKIJFDSlaR15kkVrwH9iwiWuU/+A96WviFdIgKiZ/AOYocjGTp+b03M/bzIik02vbISq2tb2xupbczO7t7+wfZw6OqDmPFocJDGaq6xzRIEUAFBUqoRwqY70moef3bsV57BqVFGDziIALXZ91AdARnaKhWtpjPN1HINiRPw0bfvZ67XDgubd6BRDbvyOdb2ZxdsCdFV4EzAzkyq3Ir+9Nshzz2IUAumdYNx47QTZhCwSUMM81YQ8R4n3WhYWDAfNBuMvnbkJ4Zpk07oTInQDph5zsS5ms98D3j9Bn29LI2Jv/TGjF2rtxEBFGMEPDpok4sKYZ0HBRtCwUc5cAAxpUwb6W8xxTjaOJc2DKeHaH/MsyYaJzlIFZBtVhw7ILzUMyVbmYhpckJOSXnxCGXpETuSZlUCCev5J18kE/rzRpZX9b31JqyZj3HZKGs3z/KeaqK</latexit><latexit sha1_base64="EMckJXdvNNPsQFnguwwDNZbBuoo=">AAACMXicbVC5TgMxEPWGK4QrQEljkSDREO2mgQYpAgrKIJFDSlaR15kkVrwH9iwiWuU/+A96WviFdIgKiZ/AOYocjGTp+b03M/bzIik02vbISq2tb2xupbczO7t7+wfZw6OqDmPFocJDGaq6xzRIEUAFBUqoRwqY70moef3bsV57BqVFGDziIALXZ91AdARnaKhWtpjPN1HINiRPw0bfvZ67XDgubd6BRDbvyOdb2ZxdsCdFV4EzAzkyq3Ir+9Nshzz2IUAumdYNx47QTZhCwSUMM81YQ8R4n3WhYWDAfNBuMvnbkJ4Zpk07oTInQDph5zsS5ms98D3j9Bn29LI2Jv/TGjF2rtxEBFGMEPDpok4sKYZ0HBRtCwUc5cAAxpUwb6W8xxTjaOJc2DKeHaH/MsyYaJzlIFZBtVhw7ILzUMyVbmYhpckJOSXnxCGXpETuSZlUCCev5J18kE/rzRpZX9b31JqyZj3HZKGs3z/KeaqK</latexit><latexit sha1_base64="EMckJXdvNNPsQFnguwwDNZbBuoo=">AAACMXicbVC5TgMxEPWGK4QrQEljkSDREO2mgQYpAgrKIJFDSlaR15kkVrwH9iwiWuU/+A96WviFdIgKiZ/AOYocjGTp+b03M/bzIik02vbISq2tb2xupbczO7t7+wfZw6OqDmPFocJDGaq6xzRIEUAFBUqoRwqY70moef3bsV57BqVFGDziIALXZ91AdARnaKhWtpjPN1HINiRPw0bfvZ67XDgubd6BRDbvyOdb2ZxdsCdFV4EzAzkyq3Ir+9Nshzz2IUAumdYNx47QTZhCwSUMM81YQ8R4n3WhYWDAfNBuMvnbkJ4Zpk07oTInQDph5zsS5ms98D3j9Bn29LI2Jv/TGjF2rtxEBFGMEPDpok4sKYZ0HBRtCwUc5cAAxpUwb6W8xxTjaOJc2DKeHaH/MsyYaJzlIFZBtVhw7ILzUMyVbmYhpckJOSXnxCGXpETuSZlUCCev5J18kE/rzRpZX9b31JqyZj3HZKGs3z/KeaqK</latexit>

||w̃||Dt
<latexit sha1_base64="iagCftL59xfqJVa7MpI7TjIYvTk=">AAACJnicbVC7TsMwFHV4vykwsli0SJ2qhAXGChgYQaIPqakqx70pFnYS2TeIKs0v8B18ACt8AhtCbGz8Bk7bAShHsnR0zn35BIkUBl33w5mbX1hcWl5ZXVvf2NzaLu3sNk2cag4NHstYtwNmQIoIGihQQjvRwFQgoRXcnhV+6w60EXF0jcMEuooNIhEKztBKvVK1UhmNfMXwJggzH4XsQ+bHCgYsz0cj6p+DREaxUumVym7NHYPOEm9KymSKy17py+/HPFUQIZfMmI7nJtjNmEbBJeRrfmogYfyWDaBjacQUmG42/lFOD63Sp2Gs7YuQjtWfHRlTxgxVYCuL281frxD/8zophifdTERJihDxyaIwlRRjWsRD+0IDRzm0hHEt7K2U3zDNONoQf20pZieo7nObjPc3h1nSPKp5bs27OirXT6cZrZB9ckCqxCPHpE4uyCVpEE4eyBN5Ji/Oo/PqvDnvk9I5Z9qzR37B+fwGmD+mog==</latexit><latexit sha1_base64="iagCftL59xfqJVa7MpI7TjIYvTk=">AAACJnicbVC7TsMwFHV4vykwsli0SJ2qhAXGChgYQaIPqakqx70pFnYS2TeIKs0v8B18ACt8AhtCbGz8Bk7bAShHsnR0zn35BIkUBl33w5mbX1hcWl5ZXVvf2NzaLu3sNk2cag4NHstYtwNmQIoIGihQQjvRwFQgoRXcnhV+6w60EXF0jcMEuooNIhEKztBKvVK1UhmNfMXwJggzH4XsQ+bHCgYsz0cj6p+DREaxUumVym7NHYPOEm9KymSKy17py+/HPFUQIZfMmI7nJtjNmEbBJeRrfmogYfyWDaBjacQUmG42/lFOD63Sp2Gs7YuQjtWfHRlTxgxVYCuL281frxD/8zophifdTERJihDxyaIwlRRjWsRD+0IDRzm0hHEt7K2U3zDNONoQf20pZieo7nObjPc3h1nSPKp5bs27OirXT6cZrZB9ckCqxCPHpE4uyCVpEE4eyBN5Ji/Oo/PqvDnvk9I5Z9qzR37B+fwGmD+mog==</latexit><latexit sha1_base64="iagCftL59xfqJVa7MpI7TjIYvTk=">AAACJnicbVC7TsMwFHV4vykwsli0SJ2qhAXGChgYQaIPqakqx70pFnYS2TeIKs0v8B18ACt8AhtCbGz8Bk7bAShHsnR0zn35BIkUBl33w5mbX1hcWl5ZXVvf2NzaLu3sNk2cag4NHstYtwNmQIoIGihQQjvRwFQgoRXcnhV+6w60EXF0jcMEuooNIhEKztBKvVK1UhmNfMXwJggzH4XsQ+bHCgYsz0cj6p+DREaxUumVym7NHYPOEm9KymSKy17py+/HPFUQIZfMmI7nJtjNmEbBJeRrfmogYfyWDaBjacQUmG42/lFOD63Sp2Gs7YuQjtWfHRlTxgxVYCuL281frxD/8zophifdTERJihDxyaIwlRRjWsRD+0IDRzm0hHEt7K2U3zDNONoQf20pZieo7nObjPc3h1nSPKp5bs27OirXT6cZrZB9ckCqxCPHpE4uyCVpEE4eyBN5Ji/Oo/PqvDnvk9I5Z9qzR37B+fwGmD+mog==</latexit><latexit sha1_base64="iagCftL59xfqJVa7MpI7TjIYvTk=">AAACJnicbVC7TsMwFHV4vykwsli0SJ2qhAXGChgYQaIPqakqx70pFnYS2TeIKs0v8B18ACt8AhtCbGz8Bk7bAShHsnR0zn35BIkUBl33w5mbX1hcWl5ZXVvf2NzaLu3sNk2cag4NHstYtwNmQIoIGihQQjvRwFQgoRXcnhV+6w60EXF0jcMEuooNIhEKztBKvVK1UhmNfMXwJggzH4XsQ+bHCgYsz0cj6p+DREaxUumVym7NHYPOEm9KymSKy17py+/HPFUQIZfMmI7nJtjNmEbBJeRrfmogYfyWDaBjacQUmG42/lFOD63Sp2Gs7YuQjtWfHRlTxgxVYCuL281frxD/8zophifdTERJihDxyaIwlRRjWsRD+0IDRzm0hHEt7K2U3zDNONoQf20pZieo7nObjPc3h1nSPKp5bs27OirXT6cZrZB9ckCqxCPHpE4uyCVpEE4eyBN5Ji/Oo/PqvDnvk9I5Z9qzR37B+fwGmD+mog==</latexit>

w̃
||w̃||

<latexit sha1_base64="CDXTR6lBtRTMy0D/rujSi6R6tVs=">AAACPXicdVC7TsMwFHXKq5RXgZElokViqpIusFHBwlgk+pCaqnLcm2JhJ5F9g6jSfA7fwQewwsAHIBbEyorTduB5JEtH59yXjx8LrtFxnq3CwuLS8kpxtbS2vrG5Vd7eaesoUQxaLBKR6vpUg+AhtJCjgG6sgEpfQMe/Psv9zg0ozaPwEscx9CUdhTzgjKKRBuWTatULFGWpJyle+UHqIRdDSL1IwohmWZZOJv9Yk0lWrQ7KFafmTGH/Ju6cVMgczUH51RtGLJEQIhNU657rxNhPqULOBGQlL9EQU3ZNR9AzNKQSdD+dfjSzD4wytINImReiPVW/dqRUaj2WvqnMb9Y/vVz8y+slGBz3Ux7GCULIZouCRNgY2Xlq9pArYCjGhlCmuLnVZlfU5IYm229b8tkxytvMJOP+zOE3addrrlNzL+qVxuk8oyLZI/vkkLjkiDTIOWmSFmHkjjyQR/Jk3Vsv1pv1PistWPOeXfIN1scnmsiyBw==</latexit><latexit sha1_base64="CDXTR6lBtRTMy0D/rujSi6R6tVs=">AAACPXicdVC7TsMwFHXKq5RXgZElokViqpIusFHBwlgk+pCaqnLcm2JhJ5F9g6jSfA7fwQewwsAHIBbEyorTduB5JEtH59yXjx8LrtFxnq3CwuLS8kpxtbS2vrG5Vd7eaesoUQxaLBKR6vpUg+AhtJCjgG6sgEpfQMe/Psv9zg0ozaPwEscx9CUdhTzgjKKRBuWTatULFGWpJyle+UHqIRdDSL1IwohmWZZOJv9Yk0lWrQ7KFafmTGH/Ju6cVMgczUH51RtGLJEQIhNU657rxNhPqULOBGQlL9EQU3ZNR9AzNKQSdD+dfjSzD4wytINImReiPVW/dqRUaj2WvqnMb9Y/vVz8y+slGBz3Ux7GCULIZouCRNgY2Xlq9pArYCjGhlCmuLnVZlfU5IYm229b8tkxytvMJOP+zOE3addrrlNzL+qVxuk8oyLZI/vkkLjkiDTIOWmSFmHkjjyQR/Jk3Vsv1pv1PistWPOeXfIN1scnmsiyBw==</latexit><latexit sha1_base64="CDXTR6lBtRTMy0D/rujSi6R6tVs=">AAACPXicdVC7TsMwFHXKq5RXgZElokViqpIusFHBwlgk+pCaqnLcm2JhJ5F9g6jSfA7fwQewwsAHIBbEyorTduB5JEtH59yXjx8LrtFxnq3CwuLS8kpxtbS2vrG5Vd7eaesoUQxaLBKR6vpUg+AhtJCjgG6sgEpfQMe/Psv9zg0ozaPwEscx9CUdhTzgjKKRBuWTatULFGWpJyle+UHqIRdDSL1IwohmWZZOJv9Yk0lWrQ7KFafmTGH/Ju6cVMgczUH51RtGLJEQIhNU657rxNhPqULOBGQlL9EQU3ZNR9AzNKQSdD+dfjSzD4wytINImReiPVW/dqRUaj2WvqnMb9Y/vVz8y+slGBz3Ux7GCULIZouCRNgY2Xlq9pArYCjGhlCmuLnVZlfU5IYm229b8tkxytvMJOP+zOE3addrrlNzL+qVxuk8oyLZI/vkkLjkiDTIOWmSFmHkjjyQR/Jk3Vsv1pv1PistWPOeXfIN1scnmsiyBw==</latexit><latexit sha1_base64="CDXTR6lBtRTMy0D/rujSi6R6tVs=">AAACPXicdVC7TsMwFHXKq5RXgZElokViqpIusFHBwlgk+pCaqnLcm2JhJ5F9g6jSfA7fwQewwsAHIBbEyorTduB5JEtH59yXjx8LrtFxnq3CwuLS8kpxtbS2vrG5Vd7eaesoUQxaLBKR6vpUg+AhtJCjgG6sgEpfQMe/Psv9zg0ozaPwEscx9CUdhTzgjKKRBuWTatULFGWpJyle+UHqIRdDSL1IwohmWZZOJv9Yk0lWrQ7KFafmTGH/Ju6cVMgczUH51RtGLJEQIhNU657rxNhPqULOBGQlL9EQU3ZNR9AzNKQSdD+dfjSzD4wytINImReiPVW/dqRUaj2WvqnMb9Y/vVz8y+slGBz3Ux7GCULIZouCRNgY2Xlq9pArYCjGhlCmuLnVZlfU5IYm229b8tkxytvMJOP+zOE3addrrlNzL+qVxuk8oyLZI/vkkLjkiDTIOWmSFmHkjjyQR/Jk3Vsv1pv1PistWPOeXfIN1scnmsiyBw==</latexit>

w̃ = (w̃x, w̃y, w̃z)
<latexit sha1_base64="51M29nk9+DmH+z6yshCij9Ds1CQ="></latexit><latexit sha1_base64="51M29nk9+DmH+z6yshCij9Ds1CQ="></latexit>



Accéléromètre 3 axes
Mesure le vecteur 3D : 
…dans le repère du capteur

Transformation dans l’espace monde :

avec : q(body)
a =

✓
0
ã

◆

<latexit sha1_base64="q2qhRzWIpoHs7ceJgcylIuXSCxQ="></latexit><latexit sha1_base64="q2qhRzWIpoHs7ceJgcylIuXSCxQ="></latexit><latexit sha1_base64="q2qhRzWIpoHs7ceJgcylIuXSCxQ="></latexit><latexit sha1_base64="q2qhRzWIpoHs7ceJgcylIuXSCxQ="></latexit>

q(world)
a = q̃[k]q(body)

a q̃[k]�1
<latexit sha1_base64="Fri0Jj+kYShky9uAJy3IbZygi/0="></latexit><latexit sha1_base64="Fri0Jj+kYShky9uAJy3IbZygi/0="></latexit><latexit sha1_base64="Fri0Jj+kYShky9uAJy3IbZygi/0="></latexit><latexit sha1_base64="Fri0Jj+kYShky9uAJy3IbZygi/0="></latexit>

ã = (ãx, ãy, ãz)
<latexit sha1_base64="3cAuFoWxTMqybJtSWVQh4NhDdgc="></latexit><latexit sha1_base64="3cAuFoWxTMqybJtSWVQh4NhDdgc="></latexit><latexit sha1_base64="3cAuFoWxTMqybJtSWVQh4NhDdgc="></latexit><latexit sha1_base64="3cAuFoWxTMqybJtSWVQh4NhDdgc="></latexit>



Correction du tilt
Si les capteurs étaient parfaits : 

…mais dérive du gyroscope et bruit de l’accéléromètre

Solution : correction du tilt pour aligner 
avec le up-vector

q(world)
a

<latexit sha1_base64="yopeL2Rfa8T/ICrKQuLCP4gW5CQ=">AAACFnicbVDLTsJAFJ3iC/GFujFx00hNcENaNrokunGJiTwSQDKdDjBhOq0ztwpp6nf4AW71E9wZt279An/DKbAQ8CQ3OTnn3rlzjxtypsC2v43Myura+kZ2M7e1vbO7l98/qKsgkoTWSMAD2XSxopwJWgMGnDZDSbHvctpwh1ep33igUrFA3MI4pB0f9wXrMYJBS938kWXdd/Fd3AY6grj4GEjunSWJZXXzBbtkT2AuE2dGCmiGajf/0/YCEvlUAOFYqZZjh9CJsQRGOE1y7UjREJMh7tOWpgL7VHXiyQWJeaoVz+wFUpcAc6L+nYixr9TYd3Wnj2GgFr1U/M9rRdC76MRMhBFQQaaLehE3ITDTOEyPSUqAjzXBRDL9V5MMsMQEdGhzW9K3Q/BHiU7GWcxhmdTLJccuOTflQuVyllEWHaMTVEQOOkcVdI2qqIYIekIv6BW9Gc/Gu/FhfE5bM8Zs5hDNwfj6BUU6n6A=</latexit><latexit sha1_base64="yopeL2Rfa8T/ICrKQuLCP4gW5CQ=">AAACFnicbVDLTsJAFJ3iC/GFujFx00hNcENaNrokunGJiTwSQDKdDjBhOq0ztwpp6nf4AW71E9wZt279An/DKbAQ8CQ3OTnn3rlzjxtypsC2v43Myura+kZ2M7e1vbO7l98/qKsgkoTWSMAD2XSxopwJWgMGnDZDSbHvctpwh1ep33igUrFA3MI4pB0f9wXrMYJBS938kWXdd/Fd3AY6grj4GEjunSWJZXXzBbtkT2AuE2dGCmiGajf/0/YCEvlUAOFYqZZjh9CJsQRGOE1y7UjREJMh7tOWpgL7VHXiyQWJeaoVz+wFUpcAc6L+nYixr9TYd3Wnj2GgFr1U/M9rRdC76MRMhBFQQaaLehE3ITDTOEyPSUqAjzXBRDL9V5MMsMQEdGhzW9K3Q/BHiU7GWcxhmdTLJccuOTflQuVyllEWHaMTVEQOOkcVdI2qqIYIekIv6BW9Gc/Gu/FhfE5bM8Zs5hDNwfj6BUU6n6A=</latexit><latexit sha1_base64="yopeL2Rfa8T/ICrKQuLCP4gW5CQ=">AAACFnicbVDLTsJAFJ3iC/GFujFx00hNcENaNrokunGJiTwSQDKdDjBhOq0ztwpp6nf4AW71E9wZt279An/DKbAQ8CQ3OTnn3rlzjxtypsC2v43Myura+kZ2M7e1vbO7l98/qKsgkoTWSMAD2XSxopwJWgMGnDZDSbHvctpwh1ep33igUrFA3MI4pB0f9wXrMYJBS938kWXdd/Fd3AY6grj4GEjunSWJZXXzBbtkT2AuE2dGCmiGajf/0/YCEvlUAOFYqZZjh9CJsQRGOE1y7UjREJMh7tOWpgL7VHXiyQWJeaoVz+wFUpcAc6L+nYixr9TYd3Wnj2GgFr1U/M9rRdC76MRMhBFQQaaLehE3ITDTOEyPSUqAjzXBRDL9V5MMsMQEdGhzW9K3Q/BHiU7GWcxhmdTLJccuOTflQuVyllEWHaMTVEQOOkcVdI2qqIYIekIv6BW9Gc/Gu/FhfE5bM8Zs5hDNwfj6BUU6n6A=</latexit><latexit sha1_base64="yopeL2Rfa8T/ICrKQuLCP4gW5CQ=">AAACFnicbVDLTsJAFJ3iC/GFujFx00hNcENaNrokunGJiTwSQDKdDjBhOq0ztwpp6nf4AW71E9wZt279An/DKbAQ8CQ3OTnn3rlzjxtypsC2v43Myura+kZ2M7e1vbO7l98/qKsgkoTWSMAD2XSxopwJWgMGnDZDSbHvctpwh1ep33igUrFA3MI4pB0f9wXrMYJBS938kWXdd/Fd3AY6grj4GEjunSWJZXXzBbtkT2AuE2dGCmiGajf/0/YCEvlUAOFYqZZjh9CJsQRGOE1y7UjREJMh7tOWpgL7VHXiyQWJeaoVz+wFUpcAc6L+nYixr9TYd3Wnj2GgFr1U/M9rRdC76MRMhBFQQaaLehE3ITDTOEyPSUqAjzXBRDL9V5MMsMQEdGhzW9K3Q/BHiU7GWcxhmdTLJccuOTflQuVyllEWHaMTVEQOOkcVdI2qqIYIekIv6BW9Gc/Gu/FhfE5bM8Zs5hDNwfj6BUU6n6A=</latexit>

v
y

x

z

�
<latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AWTGYtuv8Ka/jm1DJNVdzp8NX2c=">AAAB5HicbZBLSwMxFIXv1FetVatbN8GO4KrMuNGl4MZlBfuAdiiZNNOGJpkxuSOUoX/CjQtF/E3u/Demj4W2Hgh8nJOQe0+cSWExCL690tb2zu5eeb9yUD08Oq6dVNs2zQ3jLZbK1HRjarkUmrdQoOTdzHCqYsk78eRunneeubEi1Y84zXik6EiLRDCKzur6fj8bC98f1OpBI1iIbEK4gjqs1BzUvvrDlOWKa2SSWtsLgwyjghoUTPJZpZ9bnlE2oSPec6ip4jYqFvPOyIVzhiRJjTsaycL9/aKgytqpit1NRXFs17O5+V/WyzG5iQqhsxy5ZsuPklwSTMl8eTIUhjOUUweUGeFmJWxMDWXoKqq4EsL1lTehfdUIg0b4EEAZzuAcLiGEa7iFe2hCCxhIeIE3ePeevFfvY1lXyVv1dgp/5H3+AF2QjZ0=</latexit><latexit sha1_base64="RHxg1jeLzJ0GEd79TzNMzsXhdYE=">AAAB5HicdVDLSgNBEOz1GWPU6NXLYFbwtMzGxKw3wYvHCOYByRJmJ7PJkNmHM7NCWPITXjwo4jd582+cPAQVLWgoqrrp7gpSwZXG+MNaW9/Y3Nou7BR3S3v7B+XDUlslmaSsRRORyG5AFBM8Zi3NtWDdVDISBYJ1gsn13O88MKl4Et/pacr8iIxiHnJKtJG6tt1Px9y2B+UKdqpu3fNqCDvnFw1c9wxp4Jp7iZHr4AUqsEJzUH7vDxOaRSzWVBClei5OtZ8TqTkVbFbsZ4qlhE7IiPUMjUnElJ8v7p2hU6MMUZhIU7FGC/X7RE4ipaZRYDojosfqtzcX//J6mQ49P+dxmmkW0+WiMBNIJ2j+PBpyyagWU0MIldzciuiYSEK1iahoQvj6FP1P2lXHxY57i6EAx3ACZ+BCA67gBprQAgoCHuEZXqx768l6Xca1Zq1yO4IfsN4+ActFjes=</latexit><latexit sha1_base64="6yS5rsshTHlKv1tZtpSEEY+0CYs=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57g0q1S+XceTBETgGp8AFNVAH16ABmoAADh7AE3i27qxH68V6XbTmrOXMIfgB6+0T9oyPQQ==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit>v =

 
q(world)
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||q(world)
a ||

,
q(world)

ay

||q(world)
a ||

,
q(world)
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||q(world)
a ||

!>

<latexit sha1_base64="O8qX9SHunLsPNit8H2CED1K+omE="></latexit><latexit sha1_base64="O8qX9SHunLsPNit8H2CED1K+omE="></latexit><latexit sha1_base64="7zm6mvX7/5IW+fL0NoRUHvQ9Gpk="></latexit><latexit sha1_base64="7zm6mvX7/5IW+fL0NoRUHvQ9Gpk="></latexit>

q(world)
a = (0, 9.81, 0)>

<latexit sha1_base64="KWjOhctvUN27LnYDAtEnIYGWccY="></latexit>



Correction du tilt

v
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<latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AWTGYtuv8Ka/jm1DJNVdzp8NX2c=">AAAB5HicbZBLSwMxFIXv1FetVatbN8GO4KrMuNGl4MZlBfuAdiiZNNOGJpkxuSOUoX/CjQtF/E3u/Demj4W2Hgh8nJOQe0+cSWExCL690tb2zu5eeb9yUD08Oq6dVNs2zQ3jLZbK1HRjarkUmrdQoOTdzHCqYsk78eRunneeubEi1Y84zXik6EiLRDCKzur6fj8bC98f1OpBI1iIbEK4gjqs1BzUvvrDlOWKa2SSWtsLgwyjghoUTPJZpZ9bnlE2oSPec6ip4jYqFvPOyIVzhiRJjTsaycL9/aKgytqpit1NRXFs17O5+V/WyzG5iQqhsxy5ZsuPklwSTMl8eTIUhjOUUweUGeFmJWxMDWXoKqq4EsL1lTehfdUIg0b4EEAZzuAcLiGEa7iFe2hCCxhIeIE3ePeevFfvY1lXyVv1dgp/5H3+AF2QjZ0=</latexit><latexit sha1_base64="RHxg1jeLzJ0GEd79TzNMzsXhdYE=">AAAB5HicdVDLSgNBEOz1GWPU6NXLYFbwtMzGxKw3wYvHCOYByRJmJ7PJkNmHM7NCWPITXjwo4jd582+cPAQVLWgoqrrp7gpSwZXG+MNaW9/Y3Nou7BR3S3v7B+XDUlslmaSsRRORyG5AFBM8Zi3NtWDdVDISBYJ1gsn13O88MKl4Et/pacr8iIxiHnJKtJG6tt1Px9y2B+UKdqpu3fNqCDvnFw1c9wxp4Jp7iZHr4AUqsEJzUH7vDxOaRSzWVBClei5OtZ8TqTkVbFbsZ4qlhE7IiPUMjUnElJ8v7p2hU6MMUZhIU7FGC/X7RE4ipaZRYDojosfqtzcX//J6mQ49P+dxmmkW0+WiMBNIJ2j+PBpyyagWU0MIldzciuiYSEK1iahoQvj6FP1P2lXHxY57i6EAx3ACZ+BCA67gBprQAgoCHuEZXqx768l6Xca1Zq1yO4IfsN4+ActFjes=</latexit><latexit sha1_base64="6yS5rsshTHlKv1tZtpSEEY+0CYs=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57g0q1S+XceTBETgGp8AFNVAH16ABmoAADh7AE3i27qxH68V6XbTmrOXMIfgB6+0T9oyPQQ==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit><latexit sha1_base64="Q6RWSyeBY81eDx0qBYYqCmEsQWU=">AAAB73icdVDLSgMxFM3UV62vqks3wY7gasjU1o67ohuXFewD2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpI5t95IRs+1+sYScslv1vApEztl5DVU9Q2qo4l4g6DpojhJYotEvvvcGMUkjKjThWKmuixLtZ1hqRjidFnqpogkmYzykXUMFjqjys/m9U3hilAEMY2lKaDhXv09kOFJqEgWmM8J6pH57M/Evr5vq0PMzJpJUU0EWi8KUQx3D2fNwwCQlmk8MwUQycyskIywx0Saiggnh61P4P2mVHRc57k25VL9cxpEHR+AYnAIX1EAdXIMGaAICOHgAT+DZurMerRfrddGas5Yzh+AHrLdP9yyPQw==</latexit>

n = v ⇥ y
<latexit sha1_base64="ncSyEI/jyBh4DXBTIT/HfW+TmTU=">AAACFnicdVDLSsNAFJ34rPUVdelmsBXcWJIqxi6EohuXFewDmlAm00k7dDIJM5NCCfkKN/6KGxeKuBV3/o3Tl6jogYEz59zLvff4MaNSWdaHsbC4tLyymlvLr29sbm2bO7sNGSUCkzqOWCRaPpKEUU7qiipGWrEgKPQZafqDq7HfHBIhacRv1SgmXoh6nAYUI6WljnlcLLohUn0/SHkGL+D8M8ygq2hI5JcyyorFjlmwSpXTctk5g1bJmkAT2z5xKg60Z0oBzFDrmO9uN8JJSLjCDEnZtq1YeSkSimJGsrybSBIjPEA90taUIz3RSydnZfBQK10YREI/ruBE/d6RolDKUejryvGO8rc3Fv/y2okKzr2U8jhRhOPpoCBhUEVwnBHsUkGwYiNNEBZU7wpxHwmElU4yr0OYXwr/J41yydbJ3JQL1ctZHDmwDw7AEbCBA6rgGtRAHWBwBx7AE3g27o1H48V4nZYuGLOePfADxtsnvLOfHw==</latexit><latexit sha1_base64="ncSyEI/jyBh4DXBTIT/HfW+TmTU=">AAACFnicdVDLSsNAFJ34rPUVdelmsBXcWJIqxi6EohuXFewDmlAm00k7dDIJM5NCCfkKN/6KGxeKuBV3/o3Tl6jogYEz59zLvff4MaNSWdaHsbC4tLyymlvLr29sbm2bO7sNGSUCkzqOWCRaPpKEUU7qiipGWrEgKPQZafqDq7HfHBIhacRv1SgmXoh6nAYUI6WljnlcLLohUn0/SHkGL+D8M8ygq2hI5JcyyorFjlmwSpXTctk5g1bJmkAT2z5xKg60Z0oBzFDrmO9uN8JJSLjCDEnZtq1YeSkSimJGsrybSBIjPEA90taUIz3RSydnZfBQK10YREI/ruBE/d6RolDKUejryvGO8rc3Fv/y2okKzr2U8jhRhOPpoCBhUEVwnBHsUkGwYiNNEBZU7wpxHwmElU4yr0OYXwr/J41yydbJ3JQL1ctZHDmwDw7AEbCBA6rgGtRAHWBwBx7AE3g27o1H48V4nZYuGLOePfADxtsnvLOfHw==</latexit><latexit sha1_base64="SfpkQajahTqBixijNABJyqDZr58=">AAACFnicdVDLSsNAFJ34rPVVdelmsBXcWJIo1i6EohuXFewD2lIm00k7dDIJM5NCCPkKN/6KGxeKuBV3/o2TNhUVPTBw5px7ufceJ2BUKtP8MBYWl5ZXVnNr+fWNza3tws5uU/qhwKSBfeaLtoMkYZSThqKKkXYgCPIcRlrO+Cr1WxMiJPX5rYoC0vPQkFOXYqS01C8cl0pdD6mR48Y8gRdw/pkksKuoR+SXEiWlUr9QNMvVU9uunEGzbE6hiWWdVKoVaGVKEWSo9wvv3YGPQ49whRmSsmOZgerFSCiKGUny3VCSAOExGpKOphzpib14elYCD7UygK4v9OMKTtXvHTHypIw8R1emO8rfXir+5XVC5Z73YsqDUBGOZ4PckEHlwzQjOKCCYMUiTRAWVO8K8QgJhJVOMq9DmF8K/ydNW8dSNm/sYu0yiyMH9sEBOAIWqIAauAZ10AAY3IEH8ASejXvj0XgxXmelC0bWswd+wHj7BLy1nx8=</latexit><latexit sha1_base64="SfpkQajahTqBixijNABJyqDZr58=">AAACFnicdVDLSsNAFJ34rPVVdelmsBXcWJIo1i6EohuXFewD2lIm00k7dDIJM5NCCPkKN/6KGxeKuBV3/o2TNhUVPTBw5px7ufceJ2BUKtP8MBYWl5ZXVnNr+fWNza3tws5uU/qhwKSBfeaLtoMkYZSThqKKkXYgCPIcRlrO+Cr1WxMiJPX5rYoC0vPQkFOXYqS01C8cl0pdD6mR48Y8gRdw/pkksKuoR+SXEiWlUr9QNMvVU9uunEGzbE6hiWWdVKoVaGVKEWSo9wvv3YGPQ49whRmSsmOZgerFSCiKGUny3VCSAOExGpKOphzpib14elYCD7UygK4v9OMKTtXvHTHypIw8R1emO8rfXir+5XVC5Z73YsqDUBGOZ4PckEHlwzQjOKCCYMUiTRAWVO8K8QgJhJVOMq9DmF8K/ydNW8dSNm/sYu0yiyMH9sEBOAIWqIAauAZ10AAY3IEH8ASejXvj0XgxXmelC0bWswd+wHj7BLy1nx8=</latexit>

cos(�) = v ·

0

@
0
1
0

1

A ) � = cos�1(vy)

<latexit sha1_base64="VvjLG4IjKwUwxKTRHX4b6lvHmmw="></latexit><latexit sha1_base64="VvjLG4IjKwUwxKTRHX4b6lvHmmw="></latexit><latexit sha1_base64="Z2A4ruX80Vy2N3vZLzXQ8SuPM5E="></latexit><latexit sha1_base64="Z2A4ruX80Vy2N3vZLzXQ8SuPM5E="></latexit>

n = v ⇥ y =

0

@
�vz
0
vx

1

A

<latexit sha1_base64="GyKQ2ldlzOd95bTDedDxbtNMhVg="></latexit><latexit sha1_base64="GyKQ2ldlzOd95bTDedDxbtNMhVg="></latexit><latexit sha1_base64="KTsBMD+Ey24FgnFbDmn2LrmW0L8="></latexit><latexit sha1_base64="KTsBMD+Ey24FgnFbDmn2LrmW0L8="></latexit>

qtilt = q

✓
�,

n

||n||

◆

<latexit sha1_base64="6yg/ZVFZrg2LuV3JvmenorMn9W0="></latexit><latexit sha1_base64="6yg/ZVFZrg2LuV3JvmenorMn9W0="></latexit><latexit sha1_base64="KCEXT+GzGd4QD1RjUQomWL9/Idk="></latexit><latexit sha1_base64="KCEXT+GzGd4QD1RjUQomWL9/Idk="></latexit>

q̃c[k] = q

✓
(1� ↵)�,

n

||n||

◆
q̃[k]

<latexit sha1_base64="+cy25N/SaMT8WReRGLwpcN6VsDE="></latexit><latexit sha1_base64="+cy25N/SaMT8WReRGLwpcN6VsDE="></latexit><latexit sha1_base64="1wThSdL2ln3NihQomixo7nJ7DaA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="elJ9HCU7cxSu9OtBFJb06DOIGng="></latexit><latexit sha1_base64="elJ9HCU7cxSu9OtBFJb06DOIGng="></latexit><latexit sha1_base64="y8dhlf3h5Btara7hYVaCfwJeO80="></latexit><latexit sha1_base64="1wThSdL2ln3NihQomixo7nJ7DaA="></latexit><latexit sha1_base64="1wThSdL2ln3NihQomixo7nJ7DaA="></latexit><latexit sha1_base64="1wThSdL2ln3NihQomixo7nJ7DaA="></latexit><latexit sha1_base64="1wThSdL2ln3NihQomixo7nJ7DaA="></latexit><latexit sha1_base64="1wThSdL2ln3NihQomixo7nJ7DaA="></latexit><latexit sha1_base64="1wThSdL2ln3NihQomixo7nJ7DaA="></latexit>

↵ 2 [0, 1]
<latexit sha1_base64="HmleGsiAhdZEr/y+misbYIq8wQE=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IjeJCS9KLHohePFWwtJKFstpt26WYTdjdCLcW/4sWDIl79H978N27bHLT1wcDjvRlm5kUZZ0q77rdVWlldW98ob1a2tnd29+z9g7ZKc0loi6Q8lZ0IK8qZoC3NNKedTFKcRJzeR8PrqX//QKViqbjTo4yGCe4LFjOCtZG69pHjBJhnA4wCJpDvnnuh43TtqltzZ0DLxCtIFQo0u/ZX0EtJnlChCcdK+Z6b6XCMpWaE00klyBXNMBniPvUNFTihKhzPrp+gU6P0UJxKU0Kjmfp7YowTpUZJZDoTrAdq0ZuK/3l+ruPLcMxElmsqyHxRnHOkUzSNAvWYpETzkSGYSGZuRWSAJSbaBFYxIXiLLy+Tdr3muTXvtl5tXBVxlOEYTuAMPLiABtxAE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/ADZ7kxs=</latexit><latexit sha1_base64="HmleGsiAhdZEr/y+misbYIq8wQE=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IjeJCS9KLHohePFWwtJKFstpt26WYTdjdCLcW/4sWDIl79H978N27bHLT1wcDjvRlm5kUZZ0q77rdVWlldW98ob1a2tnd29+z9g7ZKc0loi6Q8lZ0IK8qZoC3NNKedTFKcRJzeR8PrqX//QKViqbjTo4yGCe4LFjOCtZG69pHjBJhnA4wCJpDvnnuh43TtqltzZ0DLxCtIFQo0u/ZX0EtJnlChCcdK+Z6b6XCMpWaE00klyBXNMBniPvUNFTihKhzPrp+gU6P0UJxKU0Kjmfp7YowTpUZJZDoTrAdq0ZuK/3l+ruPLcMxElmsqyHxRnHOkUzSNAvWYpETzkSGYSGZuRWSAJSbaBFYxIXiLLy+Tdr3muTXvtl5tXBVxlOEYTuAMPLiABtxAE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/ADZ7kxs=</latexit><latexit sha1_base64="HmleGsiAhdZEr/y+misbYIq8wQE=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IjeJCS9KLHohePFWwtJKFstpt26WYTdjdCLcW/4sWDIl79H978N27bHLT1wcDjvRlm5kUZZ0q77rdVWlldW98ob1a2tnd29+z9g7ZKc0loi6Q8lZ0IK8qZoC3NNKedTFKcRJzeR8PrqX//QKViqbjTo4yGCe4LFjOCtZG69pHjBJhnA4wCJpDvnnuh43TtqltzZ0DLxCtIFQo0u/ZX0EtJnlChCcdK+Z6b6XCMpWaE00klyBXNMBniPvUNFTihKhzPrp+gU6P0UJxKU0Kjmfp7YowTpUZJZDoTrAdq0ZuK/3l+ruPLcMxElmsqyHxRnHOkUzSNAvWYpETzkSGYSGZuRWSAJSbaBFYxIXiLLy+Tdr3muTXvtl5tXBVxlOEYTuAMPLiABtxAE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/ADZ7kxs=</latexit><latexit sha1_base64="HmleGsiAhdZEr/y+misbYIq8wQE=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IjeJCS9KLHohePFWwtJKFstpt26WYTdjdCLcW/4sWDIl79H978N27bHLT1wcDjvRlm5kUZZ0q77rdVWlldW98ob1a2tnd29+z9g7ZKc0loi6Q8lZ0IK8qZoC3NNKedTFKcRJzeR8PrqX//QKViqbjTo4yGCe4LFjOCtZG69pHjBJhnA4wCJpDvnnuh43TtqltzZ0DLxCtIFQo0u/ZX0EtJnlChCcdK+Z6b6XCMpWaE00klyBXNMBniPvUNFTihKhzPrp+gU6P0UJxKU0Kjmfp7YowTpUZJZDoTrAdq0ZuK/3l+ruPLcMxElmsqyHxRnHOkUzSNAvWYpETzkSGYSGZuRWSAJSbaBFYxIXiLLy+Tdr3muTXvtl5tXBVxlOEYTuAMPLiABtxAE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/ADZ7kxs=</latexit>

Sensor fusion :



Correction du yaw
Nécessité d’un compas (pointant vers le Nord)
⟹ magnétomètre

Oculus Developer Guide

𝜃"

𝜃#

𝜃$



Magnétomètre
Mesure le champ magnétique

• vecteur 3D : pas horizontal
⟹ projection sur le plan xz

• perturbation par les matériaux
ferromagnétiques (dans le circuit)
⟹ calibration

NOAA/NGDC & CIRES 



MEMS magnétomètre



SUIVI DE LA POSITION
ET DE L’ORIENTATION



Utiliser l’accéléromètre ?
Mesure :

Intégrer deux fois          pour obtenir la position
⟹ dérive de la mesure croît quadratiquement !
⟹ pas de correction avec un IMU seul…

44

ã = a(g) + a(l) + ⌘
<latexit sha1_base64="/CsmAntT39NV6Wg8XbidCMEyqxA=">AAACEXicbZA9SwNBEIb34leMX1FLm8VEiAjhLo02QtDGMoJRIYlhbjOJS/Y+2J0TwpG/YONfsbFQxNbOzn/j5pLCrxcWHt6ZYXZeP1bSkOt+Orm5+YXFpfxyYWV1bX2juLl1aaJEC2yKSEX62geDSobYJEkKr2ONEPgKr/zh6aR+dYfayCi8oFGMnQAGoexLAWStbrFSLrdJqh6mMObHHG7SymB/zA8yUhm1kaBc7hZLbtXNxP+CN4MSm6nRLX60e5FIAgxJKDCm5bkxdVLQJIXCcaGdGIxBDGGALYshBGg6aXbRmO9Zp8f7kbYvJJ653ydSCIwZBb7tDIBuze/axPyv1kqof9RJZRgnhKGYLuonilPEJ/HwntQoSI0sgNDS/pWLW9AgyIZYsCF4v0/+C5e1qudWvfNaqX4yiyPPdtguqzCPHbI6O2MN1mSC3bNH9sxenAfnyXl13qatOWc2s81+yHn/Aqyzmlw=</latexit><latexit sha1_base64="/CsmAntT39NV6Wg8XbidCMEyqxA=">AAACEXicbZA9SwNBEIb34leMX1FLm8VEiAjhLo02QtDGMoJRIYlhbjOJS/Y+2J0TwpG/YONfsbFQxNbOzn/j5pLCrxcWHt6ZYXZeP1bSkOt+Orm5+YXFpfxyYWV1bX2juLl1aaJEC2yKSEX62geDSobYJEkKr2ONEPgKr/zh6aR+dYfayCi8oFGMnQAGoexLAWStbrFSLrdJqh6mMObHHG7SymB/zA8yUhm1kaBc7hZLbtXNxP+CN4MSm6nRLX60e5FIAgxJKDCm5bkxdVLQJIXCcaGdGIxBDGGALYshBGg6aXbRmO9Zp8f7kbYvJJ653ydSCIwZBb7tDIBuze/axPyv1kqof9RJZRgnhKGYLuonilPEJ/HwntQoSI0sgNDS/pWLW9AgyIZYsCF4v0/+C5e1qudWvfNaqX4yiyPPdtguqzCPHbI6O2MN1mSC3bNH9sxenAfnyXl13qatOWc2s81+yHn/Aqyzmlw=</latexit><latexit sha1_base64="/CsmAntT39NV6Wg8XbidCMEyqxA=">AAACEXicbZA9SwNBEIb34leMX1FLm8VEiAjhLo02QtDGMoJRIYlhbjOJS/Y+2J0TwpG/YONfsbFQxNbOzn/j5pLCrxcWHt6ZYXZeP1bSkOt+Orm5+YXFpfxyYWV1bX2juLl1aaJEC2yKSEX62geDSobYJEkKr2ONEPgKr/zh6aR+dYfayCi8oFGMnQAGoexLAWStbrFSLrdJqh6mMObHHG7SymB/zA8yUhm1kaBc7hZLbtXNxP+CN4MSm6nRLX60e5FIAgxJKDCm5bkxdVLQJIXCcaGdGIxBDGGALYshBGg6aXbRmO9Zp8f7kbYvJJ653ydSCIwZBb7tDIBuze/axPyv1kqof9RJZRgnhKGYLuonilPEJ/HwntQoSI0sgNDS/pWLW9AgyIZYsCF4v0/+C5e1qudWvfNaqX4yiyPPdtguqzCPHbI6O2MN1mSC3bNH9sxenAfnyXl13qatOWc2s81+yHn/Aqyzmlw=</latexit><latexit sha1_base64="/CsmAntT39NV6Wg8XbidCMEyqxA=">AAACEXicbZA9SwNBEIb34leMX1FLm8VEiAjhLo02QtDGMoJRIYlhbjOJS/Y+2J0TwpG/YONfsbFQxNbOzn/j5pLCrxcWHt6ZYXZeP1bSkOt+Orm5+YXFpfxyYWV1bX2juLl1aaJEC2yKSEX62geDSobYJEkKr2ONEPgKr/zh6aR+dYfayCi8oFGMnQAGoexLAWStbrFSLrdJqh6mMObHHG7SymB/zA8yUhm1kaBc7hZLbtXNxP+CN4MSm6nRLX60e5FIAgxJKDCm5bkxdVLQJIXCcaGdGIxBDGGALYshBGg6aXbRmO9Zp8f7kbYvJJ653ydSCIwZBb7tDIBuze/axPyv1kqof9RJZRgnhKGYLuonilPEJ/HwntQoSI0sgNDS/pWLW9AgyIZYsCF4v0/+C5e1qudWvfNaqX4yiyPPdtguqzCPHbI6O2MN1mSC3bNH9sxenAfnyXl13qatOWc2s81+yHn/Aqyzmlw=</latexit>

gravité bruit Gaussien
accélération linéaire

a(l)
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Inside-Out / Outside-In tracking
Inside-Out : capteurs sur le dispositif à localiser

⟹ nécessite de cartographier l’environnement
Simultaneous Localization And Mapping (SLAM) 

Microsoft Hololens

Google Project Tango!



Inside-Out / Outside-In tracking
Outside-In : capteurs localisés à des positions fixes

(zone de suivi limitée)

HTC Lighthouse

Microsoft Kinect



Systèmes outside-in
• Mécaniques
• Ultra-sons
• Magnétiques
• Optiques (basés marqueurs)
• GPS, wifi…



Systèmes mécaniques
Bras articulé avec mesure des rotations aux 
articulations par un potentiomètre
⟹ position reconstruire par cinématique directe

fakespace BOOM! 

microscribe



Systèmes mécaniques
Avantages

ü latence très faible
ü très précis

Inconvénients
✘ encombrant
✘ inconfortable

Immersion CyberForce

Gypsy 6



Systèmes ultra-sons
1 émetteur, 1 récepteur ⟹ time of arrival / flight
(synchronisés)
Vitesse du son : v = 330 m.s-1

Mesure de la durée : t
⟹ d = t.v

récepteur

émetteur

d



Systèmes ultra-sons
1 émetteur, 3 récepteurs (en 2D) ⟹ triangulation

récepteur 1

récepteur 2

récepteur 3

émetteur



Systèmes ultra-sons
1 émetteur, 3 récepteurs ⟹ triangulation

Ivan Sutherland’s “Ultimate Display” (1965) Logitech 6DOF mouse



Systèmes ultra-sons
Avantages

ü léger, peu encombrant
ü très peu coûteux

Inconvénients
✘ contraintes de « visibilité »
✘ interférences acoustiques
✘ rafraichissement lent



Systèmes magnétiques

Wikipédia

récepteur

émetteur

1 émetteur d’un champ électromagnétique (3 bobines)

1 récepteur mesurant la tension électrique induite 
selon 3 axes (magnétomètre)

• intensité dépend de la distance 
à l’émetteur ⟹ position

• mesures selon 3 directions 
orthogonales ⟹ orientation



Systèmes magnétiques
Exemples
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Razer Hydra (2011)

Flock of Birds (1992)
Sixense STEM 

(2015)

MotionStar (2003)



Systèmes magnétiques
Avantages

ü peu encombrant
ü assez peu coûteux
ü pas d’occlusions

Inconvénients
✘ distorsions dues aux objets métalliques
✘ champ d’action réduit (10-15m2)
✘ précision de l’ordre du degré / mm



Systèmes optiques
Une ou plusieurs caméras
Un ou plusieurs marqueurs

• Marqueur coloré
• Motif binaire (QR code)
• Billes rétro-réfléchissantes
• LED (infra-rouge)
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AR Toolkit (1999)



Systèmes optiques
Caméra + marqueur(s)

détecter les 4 coins d’un marqueur
⟹ estimation de la pose

Techniques standards 
de vision par ordinateur

Nombreuses bibliothèques 
commerciales et open-source
(par exemple ArUco dans OpenCV)

AR Toolkit (1999)



Chaîne de traitement

Image de la 
caméra

Détection 
des contours

Extraction 
d'un rectangle

Rectification
de l’image

Vérification 
du motif

Estimation de 
la pose



Extraction du marqueur
1. Seuillage adaptatif
2. Détection et chaînage des contours 
3. Filtrage : simplification de polygones

⟹ polygones convexes à 4 côtés conservés



Simplification du polygone
Algorithme de Douglas-Peucker

simplification récursive basée sur la distance 
au point le plus éloigné du segment courant



Vérification du motif
1. Rectification de l’image à partir des coins
2. Extraction du motif 

(par échantillonnage / binarisation adaptative)

3. Identification du motif (avec correction des erreurs)

4. Raffinement de la position des coins (sous pixellique)

5. Estimation de la pose complète (position + rotation)

1 0 1 0 1 0

1 0 0 1 0 1

1 1 1 0 0 1

0 0 0 1 1 0

0 0 1 1 0 0

0 0 0 0 0 0



Challenges



Marqueurs binaires (fiducial)

64
https://www.youtube.com/watch?v=Nj44m_N_9FY

https://www.youtube.com/watch%3Fv=Nj44m_N_9FY


Avec du Deep learning [Hu et al. 2019]



Avec du Deep learning

Robustesse à l’éclairage Robustesse au flou de mouvement

[Hu et al. 2019]



Caméra + marqueur(s)
Avantages

ü très peu coûteux
ü assez robuste avec plusieurs marqueurs

Inconvénients
✘ trop loin : marqueur trop petit

trop près : marqueur incomplet
⟹ marqueurs fractales

✘ marqueurs peu appréciés par les utilisateurs
⟹ image « naturelle »

✘ variation des conditions lumineuses
⟹ lumière infrarouge

[Romero-Ramirez et al. 2019]



Caméra + image de référence

https://www.youtube.com/watch?v=R5rvRa0FqTQ

https://www.youtube.com/watch%3Fv=R5rvRa0FqTQ


Marqueurs actifs
LED infrarouges, 
ID encodé par leur fréquence
⟹ caméra haute vitesse

Alimentation nécessaire 
(batteries ou câbles)
⟹ mouvements ou durée 
de capture restreinte

Coût d’équipement et de 
maintenance important
...mais grand volume de suivi
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www.cs.utexas.edu

http://www.cs.utexas.edu/


Marqueurs passifs
Sphères rétro-réfléchissantes 
⟹ marqueurs ambigües

Lampes et caméras infrarouges

Coût d’équipement important 
(plus le volume à suivre est grand)

www.ps-tech.com

http://www.ps-tech.com/


Marqueurs passifs
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http://optitrack.com/products/prime-41/

http://optitrack.com/products/prime-41/


Chaîne de traitement
1. Calibration des caméras 

2. Détection des blobs

3. Mise en correspondance entre les vues

4. Reconstruction des positions 3D

5. Ajustement d’une constellation rigide

6. Estimation de la pose de a constellation
(position et orientation)



Calibration des caméras
a) Paramètres intrinsèques

• distance focale ( fx, fy) en mm
avec fy = a fx où a est l’aspect ratio des pixels

• centre optique (cx, cy) en pixels
• distorsions radiales et tangentielles (négligeables)

⟹ déformation inverse de l’image pour les corriger

K =

0

@
fx 0 cx
0 fy cy
0 0 1

1

A

<latexit sha1_base64="MQC5u+VmR740xgA3XUd5IsSe1Gs="></latexit><latexit sha1_base64="MQC5u+VmR740xgA3XUd5IsSe1Gs="></latexit><latexit sha1_base64="MQC5u+VmR740xgA3XUd5IsSe1Gs="></latexit><latexit sha1_base64="MQC5u+VmR740xgA3XUd5IsSe1Gs="></latexit>

Distorsion en barillet Distorsion en coussinet



Correction des distorsions
Modélisé par :

avec

Correction :  

r2 = (u� uc)
2 + (v � vc)

2
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ũ = uc + L(r)(u� uc)
ṽ = vc + L(r)(v � vc)

<latexit sha1_base64="WcqG+Cd2SLJD4Ar0TiCe4xgZXPA="></latexit><latexit sha1_base64="WcqG+Cd2SLJD4Ar0TiCe4xgZXPA="></latexit><latexit sha1_base64="WcqG+Cd2SLJD4Ar0TiCe4xgZXPA="></latexit><latexit sha1_base64="WcqG+Cd2SLJD4Ar0TiCe4xgZXPA="></latexit>

L(r) = 1 + 1r + 2r
2 + 3r

3 + · · ·
<latexit sha1_base64="n1URZxsqsSeU3EcmTnwP3DjeBME=">AAACJXicbVDLSsNAFJ34rPUVdelmsAgVoSStoAuFohsXLirYB7QxTCbTdugkE2YmQgn9GTf+ihsXFhFc+StO2kC19cLAedzLnXu8iFGpLOvLWFpeWV1bz23kN7e2d3bNvf2G5LHApI4546LlIUkYDUldUcVIKxIEBR4jTW9wk/rNJyIk5eGDGkbECVAvpF2KkdKSa17eFcUJvII2PIWdAYoi5NpQzEgZisfyjFY0raQU+1xJ1yxYJWtScBHYGSiArGquOe74HMcBCRVmSMq2bUXKSZBQFDMyyndiSSKEB6hH2hqGKCDSSSZXjuCxVnzY5UK/UMGJ+nsiQYGUw8DTnQFSfTnvpeJ/XjtW3QsnoWEUKxLi6aJuzKDiMI0M+lQQrNhQA4QF1X+FuI8EwkoHm9ch2PMnL4JGuWRrfH9WqF5nceTAITgCRWCDc1AFt6AG6gCDZ/AK3sHYeDHejA/jc9q6ZGQzB+BPGd8/6p+gqg==</latexit><latexit sha1_base64="n1URZxsqsSeU3EcmTnwP3DjeBME=">AAACJXicbVDLSsNAFJ34rPUVdelmsAgVoSStoAuFohsXLirYB7QxTCbTdugkE2YmQgn9GTf+ihsXFhFc+StO2kC19cLAedzLnXu8iFGpLOvLWFpeWV1bz23kN7e2d3bNvf2G5LHApI4546LlIUkYDUldUcVIKxIEBR4jTW9wk/rNJyIk5eGDGkbECVAvpF2KkdKSa17eFcUJvII2PIWdAYoi5NpQzEgZisfyjFY0raQU+1xJ1yxYJWtScBHYGSiArGquOe74HMcBCRVmSMq2bUXKSZBQFDMyyndiSSKEB6hH2hqGKCDSSSZXjuCxVnzY5UK/UMGJ+nsiQYGUw8DTnQFSfTnvpeJ/XjtW3QsnoWEUKxLi6aJuzKDiMI0M+lQQrNhQA4QF1X+FuI8EwkoHm9ch2PMnL4JGuWRrfH9WqF5nceTAITgCRWCDc1AFt6AG6gCDZ/AK3sHYeDHejA/jc9q6ZGQzB+BPGd8/6p+gqg==</latexit><latexit sha1_base64="n1URZxsqsSeU3EcmTnwP3DjeBME=">AAACJXicbVDLSsNAFJ34rPUVdelmsAgVoSStoAuFohsXLirYB7QxTCbTdugkE2YmQgn9GTf+ihsXFhFc+StO2kC19cLAedzLnXu8iFGpLOvLWFpeWV1bz23kN7e2d3bNvf2G5LHApI4546LlIUkYDUldUcVIKxIEBR4jTW9wk/rNJyIk5eGDGkbECVAvpF2KkdKSa17eFcUJvII2PIWdAYoi5NpQzEgZisfyjFY0raQU+1xJ1yxYJWtScBHYGSiArGquOe74HMcBCRVmSMq2bUXKSZBQFDMyyndiSSKEB6hH2hqGKCDSSSZXjuCxVnzY5UK/UMGJ+nsiQYGUw8DTnQFSfTnvpeJ/XjtW3QsnoWEUKxLi6aJuzKDiMI0M+lQQrNhQA4QF1X+FuI8EwkoHm9ch2PMnL4JGuWRrfH9WqF5nceTAITgCRWCDc1AFt6AG6gCDZ/AK3sHYeDHejA/jc9q6ZGQzB+BPGd8/6p+gqg==</latexit><latexit sha1_base64="n1URZxsqsSeU3EcmTnwP3DjeBME=">AAACJXicbVDLSsNAFJ34rPUVdelmsAgVoSStoAuFohsXLirYB7QxTCbTdugkE2YmQgn9GTf+ihsXFhFc+StO2kC19cLAedzLnXu8iFGpLOvLWFpeWV1bz23kN7e2d3bNvf2G5LHApI4546LlIUkYDUldUcVIKxIEBR4jTW9wk/rNJyIk5eGDGkbECVAvpF2KkdKSa17eFcUJvII2PIWdAYoi5NpQzEgZisfyjFY0raQU+1xJ1yxYJWtScBHYGSiArGquOe74HMcBCRVmSMq2bUXKSZBQFDMyyndiSSKEB6hH2hqGKCDSSSZXjuCxVnzY5UK/UMGJ+nsiQYGUw8DTnQFSfTnvpeJ/XjtW3QsnoWEUKxLi6aJuzKDiMI0M+lQQrNhQA4QF1X+FuI8EwkoHm9ch2PMnL4JGuWRrfH9WqF5nceTAITgCRWCDc1AFt6AG6gCDZ/AK3sHYeDHejA/jc9q6ZGQzB+BPGd8/6p+gqg==</latexit>

[Brown & Conrady 1966]



Camera Calibration Toolbox for Matlab

Calibration des caméras
b) Paramètres extrinsèques

• rotation R
• translation t

⟹ matrice de projection ou caméra :
M = K(R|t)

<latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="QAqPpnA4bxhKUzuvN6IPGYerzxs=">AAAB73icbZDNSgMxFIXv+FvHqnXtJlgEV2XGjS4FNy4r2B9oh5LJZNrQJDMkd8Qy1Adw6yu4Ex/IN/AxzLRdaOuBwMc5CffmxLkUFoPgy9va3tnd268d+Id1/+j4pFHv2qwwjHdYJjPTj6nlUmjeQYGS93PDqYol78XTuyrvPXFjRaYfcZbzSNGxFqlgFJ3VHjWaQStYiGxCuIImrDRqfA+TjBWKa2SSWjsIgxyjkhoUTPK5Pywszymb0jEfONRUcRuVizXn5MI5CUkz445GsnB/vyipsnamYndTUZzY9awy/80qJ0f1vDYf05uoFDovkGu2HJ8WkmBGqiZIIgxnKGcOKDPC/YCwCTWUoevLd82E6z1sQveqFTp+CKAGZ3AOlxDCNdzCPbShAwwSeIU378V79z6WDW55qypP4Y+8zx9xgpOQ</latexit><latexit sha1_base64="9DagqtYK8Di2k4+VXnLY7AbVlJ8=">AAACNnicbZDLSgMxFIbPeK31Vt26CbZC3ciMG90IohtBhCr2Am0pmTTTBjMXkjNiGed9fA/3btU30J34BGbaWrR6IPCd/084Ob8bSaHRtl+tmdm5+YXF3FJ+eWV1bb2wsVLTYawYr7JQhqrhUs2lCHgVBUreiBSnvit53b05zfz6LVdahME1DiLe9mkvEJ5gFI3UKZyUSi2fYt/1kouUHJHv5jwlLck9LE+Uq5TcTxo0thK9Pu6WSp1C0d6zh0X+gjOGIoyr0im8tbohi30eIJNU66ZjR9hOqELBJE/zrVjziLIb2uNNgwH1uW4nw11TsmOULvFCZU6AZKj+fJFQX+uB75qb2V/1tJeJ/3qZEqF/NzUfvcN2IoIoRh6w0XgvlgRDksVJukJxhnJggDIlzAaE9amiDE3oeRONMx3EX6jt7zmGL23IwRZsQxkcOIBjOIMKVIHBAzzBM7xYj9a79TEKccYap7kJv8r6/ALYJa5y</latexit><latexit sha1_base64="9DagqtYK8Di2k4+VXnLY7AbVlJ8=">AAACNnicbZDLSgMxFIbPeK31Vt26CbZC3ciMG90IohtBhCr2Am0pmTTTBjMXkjNiGed9fA/3btU30J34BGbaWrR6IPCd/084Ob8bSaHRtl+tmdm5+YXF3FJ+eWV1bb2wsVLTYawYr7JQhqrhUs2lCHgVBUreiBSnvit53b05zfz6LVdahME1DiLe9mkvEJ5gFI3UKZyUSi2fYt/1kouUHJHv5jwlLck9LE+Uq5TcTxo0thK9Pu6WSp1C0d6zh0X+gjOGIoyr0im8tbohi30eIJNU66ZjR9hOqELBJE/zrVjziLIb2uNNgwH1uW4nw11TsmOULvFCZU6AZKj+fJFQX+uB75qb2V/1tJeJ/3qZEqF/NzUfvcN2IoIoRh6w0XgvlgRDksVJukJxhnJggDIlzAaE9amiDE3oeRONMx3EX6jt7zmGL23IwRZsQxkcOIBjOIMKVIHBAzzBM7xYj9a79TEKccYap7kJv8r6/ALYJa5y</latexit><latexit sha1_base64="w50JM6qY58bH/S8uEgQaS2qOxkg="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit>

http://www.vision.caltech.edu/bouguetj/calib_doc/htmls/example.html
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Calibration des caméras

pj =MPj

M =

0

@
M11 M12 M13 M14
M21 M22 M23 M24
M31 M32 M33 M34

1

A

<latexit sha1_base64="zQC6+k+aNMLGJUczWPfszVQkH40="></latexit><latexit sha1_base64="zQC6+k+aNMLGJUczWPfszVQkH40="></latexit><latexit sha1_base64="zQC6+k+aNMLGJUczWPfszVQkH40="></latexit><latexit sha1_base64="zQC6+k+aNMLGJUczWPfszVQkH40="></latexit>

P =

0

BB@

X
Y
Z
1

1

CCA

<latexit sha1_base64="edbQrm3sF6eqQATfHqANgpxRGLY="></latexit><latexit sha1_base64="edbQrm3sF6eqQATfHqANgpxRGLY="></latexit><latexit sha1_base64="edbQrm3sF6eqQATfHqANgpxRGLY="></latexit><latexit sha1_base64="edbQrm3sF6eqQATfHqANgpxRGLY="></latexit>

[Tsai1987, Quan and Lan 1999]

p =

0

@
u
v
w

1

A

<latexit sha1_base64="QOrhw4JNaf9pN2H0rXSIqXBcTVI="></latexit><latexit sha1_base64="QOrhw4JNaf9pN2H0rXSIqXBcTVI="></latexit><latexit sha1_base64="QOrhw4JNaf9pN2H0rXSIqXBcTVI="></latexit><latexit sha1_base64="QOrhw4JNaf9pN2H0rXSIqXBcTVI="></latexit>



pi =MPi

Pi

O

Pj

Direct Linear Transform (DLT)

pj =MPj

8
<

:
ui =

M11Xi+M12Yi+M13Zi+M14
M31Xi+M32Yi+M33Zi+M34

vi =
M21Xi+M22Yi+M23Zi+M24
M31Xi+M32Yi+M33Zi+M34

<latexit sha1_base64="Gcxny3OIjni4ttsc0Pt7cFsu/Go="></latexit><latexit sha1_base64="Gcxny3OIjni4ttsc0Pt7cFsu/Go="></latexit><latexit sha1_base64="Gcxny3OIjni4ttsc0Pt7cFsu/Go="></latexit><latexit sha1_base64="Gcxny3OIjni4ttsc0Pt7cFsu/Go="></latexit>

⟹

[Sutherland, 1974]

[Tsai1987, Quan and Lan 1999]pi =MPi



En concaténant les équations pour tous les points,
on obtient le système linéaire :

Bm×n mn = 0n

11 inconnus ⟹ 6 correspondances 2D-3D nécessaires
…en pratique, bien plus pour être robuste au bruit !

Direct Linear Transform (DLT)

pi =MPi

⟹

[Sutherland, 1974]

✓
Xi Yi Zi 1 0 0 0 0 �Xi ui �Yi ui �Zi ui �ui
0 0 0 0 Xi Yi Zi 1 �Xi vi �Yi vi �Zi vi �vi

◆
0

B@
M11

...
M34

1

CA=

✓
0
0

◆

<latexit sha1_base64="MIRo4wDu2xjM8qBCK4CcqhMgODQ="></latexit>



Direct Linear Transform (DLT)

Bm×n mn = 0n ⟹ système d’équations linéaires 
homogènes rectangulaire (m > n)

• Le vecteur nul est solution(triviale)
• Pour trouver une solution non-nulle, minimisation au sens 

des moindres carrés :

Algèbre linéaire ⟹ B⊤B m = 𝜆 m 
⟹ m vecteur propre de B⊤B

||m||2=1 ⟹ associé à la plus petite valeur propre

[Sutherland, 1974]

min
||m||2=1

||Bm||2
<latexit sha1_base64="qquXSFNdufbnL4PejhRmtmkSgRs="></latexit>



Direct Linear Transform (DLT)

Décomposition en valeurs singulières (SVD)
B = Um×m Sm×n V⊤

n×n

[Sutherland, 1974]

orthogonales
U⊤U = V⊤V = I 

0

B@
M11

...
M34

1

CA

<latexit sha1_base64="A0WOu3adyT5DqC8jaUXW/zO1nzA="></latexit><latexit sha1_base64="A0WOu3adyT5DqC8jaUXW/zO1nzA="></latexit><latexit sha1_base64="A0WOu3adyT5DqC8jaUXW/zO1nzA="></latexit><latexit sha1_base64="A0WOu3adyT5DqC8jaUXW/zO1nzA="></latexit>

= dernière colonne de V ⟹ M

S =

✓
diag(s1,s2, . . . ,sr) 0

0 0

◆

<latexit sha1_base64="FU02gCHfJJjH0q9eseHbRmJazkk="></latexit>

avec s1 � s2 � . . .� sr, r  n
<latexit sha1_base64="4YewXGw1m/i8p9db/ifG1aKPyuE="></latexit>



Si K inconnue, les 3 premières colonnes de M
correspondent à KR = M3

M3M3
⊤ = (KR)(KR)⊤= KRR⊤K⊤ = KK⊤

Comme K est triangulaire supérieure, 
obtenue par factorisation de Cholesky

Extraction de K, R et t depuis M
M = K(R|t)

<latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="QAqPpnA4bxhKUzuvN6IPGYerzxs=">AAAB73icbZDNSgMxFIXv+FvHqnXtJlgEV2XGjS4FNy4r2B9oh5LJZNrQJDMkd8Qy1Adw6yu4Ex/IN/AxzLRdaOuBwMc5CffmxLkUFoPgy9va3tnd268d+Id1/+j4pFHv2qwwjHdYJjPTj6nlUmjeQYGS93PDqYol78XTuyrvPXFjRaYfcZbzSNGxFqlgFJ3VHjWaQStYiGxCuIImrDRqfA+TjBWKa2SSWjsIgxyjkhoUTPK5Pywszymb0jEfONRUcRuVizXn5MI5CUkz445GsnB/vyipsnamYndTUZzY9awy/80qJ0f1vDYf05uoFDovkGu2HJ8WkmBGqiZIIgxnKGcOKDPC/YCwCTWUoevLd82E6z1sQveqFTp+CKAGZ3AOlxDCNdzCPbShAwwSeIU378V79z6WDW55qypP4Y+8zx9xgpOQ</latexit><latexit sha1_base64="9DagqtYK8Di2k4+VXnLY7AbVlJ8=">AAACNnicbZDLSgMxFIbPeK31Vt26CbZC3ciMG90IohtBhCr2Am0pmTTTBjMXkjNiGed9fA/3btU30J34BGbaWrR6IPCd/084Ob8bSaHRtl+tmdm5+YXF3FJ+eWV1bb2wsVLTYawYr7JQhqrhUs2lCHgVBUreiBSnvit53b05zfz6LVdahME1DiLe9mkvEJ5gFI3UKZyUSi2fYt/1kouUHJHv5jwlLck9LE+Uq5TcTxo0thK9Pu6WSp1C0d6zh0X+gjOGIoyr0im8tbohi30eIJNU66ZjR9hOqELBJE/zrVjziLIb2uNNgwH1uW4nw11TsmOULvFCZU6AZKj+fJFQX+uB75qb2V/1tJeJ/3qZEqF/NzUfvcN2IoIoRh6w0XgvlgRDksVJukJxhnJggDIlzAaE9amiDE3oeRONMx3EX6jt7zmGL23IwRZsQxkcOIBjOIMKVIHBAzzBM7xYj9a79TEKccYap7kJv8r6/ALYJa5y</latexit><latexit sha1_base64="9DagqtYK8Di2k4+VXnLY7AbVlJ8=">AAACNnicbZDLSgMxFIbPeK31Vt26CbZC3ciMG90IohtBhCr2Am0pmTTTBjMXkjNiGed9fA/3btU30J34BGbaWrR6IPCd/084Ob8bSaHRtl+tmdm5+YXF3FJ+eWV1bb2wsVLTYawYr7JQhqrhUs2lCHgVBUreiBSnvit53b05zfz6LVdahME1DiLe9mkvEJ5gFI3UKZyUSi2fYt/1kouUHJHv5jwlLck9LE+Uq5TcTxo0thK9Pu6WSp1C0d6zh0X+gjOGIoyr0im8tbohi30eIJNU66ZjR9hOqELBJE/zrVjziLIb2uNNgwH1uW4nw11TsmOULvFCZU6AZKj+fJFQX+uB75qb2V/1tJeJ/3qZEqF/NzUfvcN2IoIoRh6w0XgvlgRDksVJukJxhnJggDIlzAaE9amiDE3oeRONMx3EX6jt7zmGL23IwRZsQxkcOIBjOIMKVIHBAzzBM7xYj9a79TEKccYap7kJv8r6/ALYJa5y</latexit><latexit sha1_base64="w50JM6qY58bH/S8uEgQaS2qOxkg="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit>
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0

@
fx 0 cx
0 fy cy
0 0 1

1

A

<latexit sha1_base64="MQC5u+VmR740xgA3XUd5IsSe1Gs="></latexit><latexit sha1_base64="MQC5u+VmR740xgA3XUd5IsSe1Gs="></latexit><latexit sha1_base64="MQC5u+VmR740xgA3XUd5IsSe1Gs="></latexit><latexit sha1_base64="MQC5u+VmR740xgA3XUd5IsSe1Gs="></latexit>



Une fois K connue, 

Pas garantie que R soit bien une matrice de rotation

⟹ ortho-normalisation :

Extraction de K, R et t depuis M

(R|t) µ K�1M
<latexit sha1_base64="z0Us0EG7ioxm+QEUjaMtu7plFZM="></latexit><latexit sha1_base64="z0Us0EG7ioxm+QEUjaMtu7plFZM="></latexit><latexit sha1_base64="z0Us0EG7ioxm+QEUjaMtu7plFZM="></latexit><latexit sha1_base64="z0Us0EG7ioxm+QEUjaMtu7plFZM="></latexit>

• décomposition en valeurs singulières (SVD) :
K-1M = USV⊤

• R = UV⊤

M = K(R|t)
<latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="QAqPpnA4bxhKUzuvN6IPGYerzxs=">AAAB73icbZDNSgMxFIXv+FvHqnXtJlgEV2XGjS4FNy4r2B9oh5LJZNrQJDMkd8Qy1Adw6yu4Ex/IN/AxzLRdaOuBwMc5CffmxLkUFoPgy9va3tnd268d+Id1/+j4pFHv2qwwjHdYJjPTj6nlUmjeQYGS93PDqYol78XTuyrvPXFjRaYfcZbzSNGxFqlgFJ3VHjWaQStYiGxCuIImrDRqfA+TjBWKa2SSWjsIgxyjkhoUTPK5Pywszymb0jEfONRUcRuVizXn5MI5CUkz445GsnB/vyipsnamYndTUZzY9awy/80qJ0f1vDYf05uoFDovkGu2HJ8WkmBGqiZIIgxnKGcOKDPC/YCwCTWUoevLd82E6z1sQveqFTp+CKAGZ3AOlxDCNdzCPbShAwwSeIU378V79z6WDW55qypP4Y+8zx9xgpOQ</latexit><latexit sha1_base64="9DagqtYK8Di2k4+VXnLY7AbVlJ8=">AAACNnicbZDLSgMxFIbPeK31Vt26CbZC3ciMG90IohtBhCr2Am0pmTTTBjMXkjNiGed9fA/3btU30J34BGbaWrR6IPCd/084Ob8bSaHRtl+tmdm5+YXF3FJ+eWV1bb2wsVLTYawYr7JQhqrhUs2lCHgVBUreiBSnvit53b05zfz6LVdahME1DiLe9mkvEJ5gFI3UKZyUSi2fYt/1kouUHJHv5jwlLck9LE+Uq5TcTxo0thK9Pu6WSp1C0d6zh0X+gjOGIoyr0im8tbohi30eIJNU66ZjR9hOqELBJE/zrVjziLIb2uNNgwH1uW4nw11TsmOULvFCZU6AZKj+fJFQX+uB75qb2V/1tJeJ/3qZEqF/NzUfvcN2IoIoRh6w0XgvlgRDksVJukJxhnJggDIlzAaE9amiDE3oeRONMx3EX6jt7zmGL23IwRZsQxkcOIBjOIMKVIHBAzzBM7xYj9a79TEKccYap7kJv8r6/ALYJa5y</latexit><latexit sha1_base64="9DagqtYK8Di2k4+VXnLY7AbVlJ8=">AAACNnicbZDLSgMxFIbPeK31Vt26CbZC3ciMG90IohtBhCr2Am0pmTTTBjMXkjNiGed9fA/3btU30J34BGbaWrR6IPCd/084Ob8bSaHRtl+tmdm5+YXF3FJ+eWV1bb2wsVLTYawYr7JQhqrhUs2lCHgVBUreiBSnvit53b05zfz6LVdahME1DiLe9mkvEJ5gFI3UKZyUSi2fYt/1kouUHJHv5jwlLck9LE+Uq5TcTxo0thK9Pu6WSp1C0d6zh0X+gjOGIoyr0im8tbohi30eIJNU66ZjR9hOqELBJE/zrVjziLIb2uNNgwH1uW4nw11TsmOULvFCZU6AZKj+fJFQX+uB75qb2V/1tJeJ/3qZEqF/NzUfvcN2IoIoRh6w0XgvlgRDksVJukJxhnJggDIlzAaE9amiDE3oeRONMx3EX6jt7zmGL23IwRZsQxkcOIBjOIMKVIHBAzzBM7xYj9a79TEKccYap7kJv8r6/ALYJa5y</latexit><latexit sha1_base64="w50JM6qY58bH/S8uEgQaS2qOxkg="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit><latexit sha1_base64="gnCYiBSKfqb/sKHCFjuiAOvCGSI="></latexit>



Linear Perspective-n-Point (PnP)
Si K connu, préférer PnP :
⟹ estimer R et t à partir de n correspondances 2D/3D



Linear Perspective-n-Point (PnP)
Relation :

avec :

où :

pi

Pi

c

Pj

pj

dij

𝜃ij

di

cosqi j = p̂i · p̂ j
<latexit sha1_base64="yV+XfiRacvG8fzEqCkC6Nx2YoC8="></latexit><latexit sha1_base64="yV+XfiRacvG8fzEqCkC6Nx2YoC8="></latexit><latexit sha1_base64="yV+XfiRacvG8fzEqCkC6Nx2YoC8="></latexit><latexit sha1_base64="yV+XfiRacvG8fzEqCkC6Nx2YoC8="></latexit>

d2
i j = ||Pi �P j||2

<latexit sha1_base64="XHubnerWg/MaRt5+CaZaGm9rM64=">AAACLXicbVC7TsMwFHV4lvIqMLJYtEgsVEkWWJAqWBiLRB9Sm0aO47Ru7SSyHUSV9i/4D3ZW+AUGJMQKn4HTdigtR7J07jn36voeL2ZUKtP8MFZW19Y3NnNb+e2d3b39wsFhXUaJwKSGIxaJpockYTQkNUUVI81YEMQ9Rhre4CbzGw9ESBqF92oYE4ejbkgDipHSklsol0q+m9L+uGPDKzgatTlSPS9Iq2OXns8V/dGoY5dKbqFols0J4DKxZqQIZqi6hZ+2H+GEk1BhhqRsWWasnBQJRTEj43w7kSRGeIC6pKVpiDiRTjq5awxPteLDIBL6hQpO1PmJFHEph9zTndlP5aKXif96mRIr/riwXwWXTkrDOFEkxNP1QcKgimAWHfSpIFixoSYIC6ovgLiHBMJKB5zX0ViLQSyTul22NL+zi5XrWUg5cAxOwBmwwAWogFtQBTWAwRN4Aa/gzXg23o1P42vaumLMZo7AHxjfv+7bqHg=</latexit><latexit sha1_base64="XHubnerWg/MaRt5+CaZaGm9rM64=">AAACLXicbVC7TsMwFHV4lvIqMLJYtEgsVEkWWJAqWBiLRB9Sm0aO47Ru7SSyHUSV9i/4D3ZW+AUGJMQKn4HTdigtR7J07jn36voeL2ZUKtP8MFZW19Y3NnNb+e2d3b39wsFhXUaJwKSGIxaJpockYTQkNUUVI81YEMQ9Rhre4CbzGw9ESBqF92oYE4ejbkgDipHSklsol0q+m9L+uGPDKzgatTlSPS9Iq2OXns8V/dGoY5dKbqFols0J4DKxZqQIZqi6hZ+2H+GEk1BhhqRsWWasnBQJRTEj43w7kSRGeIC6pKVpiDiRTjq5awxPteLDIBL6hQpO1PmJFHEph9zTndlP5aKXif96mRIr/riwXwWXTkrDOFEkxNP1QcKgimAWHfSpIFixoSYIC6ovgLiHBMJKB5zX0ViLQSyTul22NL+zi5XrWUg5cAxOwBmwwAWogFtQBTWAwRN4Aa/gzXg23o1P42vaumLMZo7AHxjfv+7bqHg=</latexit><latexit sha1_base64="XHubnerWg/MaRt5+CaZaGm9rM64=">AAACLXicbVC7TsMwFHV4lvIqMLJYtEgsVEkWWJAqWBiLRB9Sm0aO47Ru7SSyHUSV9i/4D3ZW+AUGJMQKn4HTdigtR7J07jn36voeL2ZUKtP8MFZW19Y3NnNb+e2d3b39wsFhXUaJwKSGIxaJpockYTQkNUUVI81YEMQ9Rhre4CbzGw9ESBqF92oYE4ejbkgDipHSklsol0q+m9L+uGPDKzgatTlSPS9Iq2OXns8V/dGoY5dKbqFols0J4DKxZqQIZqi6hZ+2H+GEk1BhhqRsWWasnBQJRTEj43w7kSRGeIC6pKVpiDiRTjq5awxPteLDIBL6hQpO1PmJFHEph9zTndlP5aKXif96mRIr/riwXwWXTkrDOFEkxNP1QcKgimAWHfSpIFixoSYIC6ovgLiHBMJKB5zX0ViLQSyTul22NL+zi5XrWUg5cAxOwBmwwAWogFtQBTWAwRN4Aa/gzXg23o1P42vaumLMZo7AHxjfv+7bqHg=</latexit><latexit sha1_base64="XHubnerWg/MaRt5+CaZaGm9rM64=">AAACLXicbVC7TsMwFHV4lvIqMLJYtEgsVEkWWJAqWBiLRB9Sm0aO47Ru7SSyHUSV9i/4D3ZW+AUGJMQKn4HTdigtR7J07jn36voeL2ZUKtP8MFZW19Y3NnNb+e2d3b39wsFhXUaJwKSGIxaJpockYTQkNUUVI81YEMQ9Rhre4CbzGw9ESBqF92oYE4ejbkgDipHSklsol0q+m9L+uGPDKzgatTlSPS9Iq2OXns8V/dGoY5dKbqFols0J4DKxZqQIZqi6hZ+2H+GEk1BhhqRsWWasnBQJRTEj43w7kSRGeIC6pKVpiDiRTjq5awxPteLDIBL6hQpO1PmJFHEph9zTndlP5aKXif96mRIr/riwXwWXTkrDOFEkxNP1QcKgimAWHfSpIFixoSYIC6ovgLiHBMJKB5zX0ViLQSyTul22NL+zi5XrWUg5cAxOwBmwwAWogFtQBTWAwRN4Aa/gzXg23o1P42vaumLMZo7AHxjfv+7bqHg=</latexit>

d2
i j = d2

i +d2
j �2did j cosqi j

<latexit sha1_base64="aclXL/dNfrWuhC5Of+Fl+JaRV9A="></latexit>

p̂i =
(pi � c)

||(pi � c)||

=
K�1pi

||K�1pi||
<latexit sha1_base64="lNF8NDZ/FWIHL8c0eykNO8cf9Bs="></latexit>



Linear Perspective-n-Point (PnP)
6 DOF ⟹ 3 correspondances suffisantes

(2 DOF chacune)

…mais ambiguïté (4 solutions)

[Wu and Hu, 2006]

c



Linear Perspective-3-Point (P3P)
1. Trouver les di satisfaisants ces relations

(résoudre polynôme de degré 8 ⟹ 3 points nécessaires + 1 contrainte)

2. Calculer les positions Pi
c = di K-1pi

de Pi dans le repère caméra
3. Estimer R et t par

alignement 3D

pi

Pi

c

Pj

pj

dij

𝜃ij

di



Estimer R et t par alignement 3D
1. Calculer les centroïdes des ensembles de points :

2. Trouver la rotation entre 2 ensembles de points :

maximisant l’alignement :

⟹ R = UV⊤ où  L = USV⊤ (SVD)

⟹

P̄ =
1
N

N

Â
i=0

Pi
<latexit sha1_base64="9NrWlh6FGhkjsJRqA7FPsMXVlSw="></latexit><latexit sha1_base64="9NrWlh6FGhkjsJRqA7FPsMXVlSw="></latexit><latexit sha1_base64="9NrWlh6FGhkjsJRqA7FPsMXVlSw="></latexit><latexit sha1_base64="QAqPpnA4bxhKUzuvN6IPGYerzxs=">AAAB73icbZDNSgMxFIXv+FvHqnXtJlgEV2XGjS4FNy4r2B9oh5LJZNrQJDMkd8Qy1Adw6yu4Ex/IN/AxzLRdaOuBwMc5CffmxLkUFoPgy9va3tnd268d+Id1/+j4pFHv2qwwjHdYJjPTj6nlUmjeQYGS93PDqYol78XTuyrvPXFjRaYfcZbzSNGxFqlgFJ3VHjWaQStYiGxCuIImrDRqfA+TjBWKa2SSWjsIgxyjkhoUTPK5Pywszymb0jEfONRUcRuVizXn5MI5CUkz445GsnB/vyipsnamYndTUZzY9awy/80qJ0f1vDYf05uoFDovkGu2HJ8WkmBGqiZIIgxnKGcOKDPC/YCwCTWUoevLd82E6z1sQveqFTp+CKAGZ3AOlxDCNdzCPbShAwwSeIU378V79z6WDW55qypP4Y+8zx9xgpOQ</latexit><latexit sha1_base64="qsem5AnEDjtrSGb8J+3MF9Nlmno=">AAACMXicbZDNSsQwFIVvx79x/Ktu3QSngitp3ehmQHDjSkZwVLC1pJlUwyRtSVJxCH0a38O9W125dyGI72A6DqgzHgicnHvDzf2SgjOlff/VaczMzs0vNBdbS8srq2vu+vK5yktJaI/kPJeXCVaUs4z2NNOcXhaSYpFwepEMjur6xR2ViuXZmR4WNBL4JmMpI1jbKHY7nhcmWJpQYH2bpKZbVaiDwlRiYoLKnFShKkVsWMevru0N/fTFzPNit+3v+iOhaROMTRvG6sbue9jPSSlopgnHSl0FfqEjg6VmhNOqFZaKFpgM8A29sjbDgqrIjNas0LZN+ijNpT2ZRqP09wuDhVJDkdjO+pdqslaH/9bqpNDifmK+Tg8iw7Ki1DQj3+PTkiOdo5ok6jNJieZDazCRzG6AyC224LTl3bJogkkQ0+Z8bzew/tSHJmzCFuxAAPtwCMfQhR4QeIAneIYX59F5cz6+ITacMc0N+CPn8wtwva1n</latexit><latexit sha1_base64="qsem5AnEDjtrSGb8J+3MF9Nlmno=">AAACMXicbZDNSsQwFIVvx79x/Ktu3QSngitp3ehmQHDjSkZwVLC1pJlUwyRtSVJxCH0a38O9W125dyGI72A6DqgzHgicnHvDzf2SgjOlff/VaczMzs0vNBdbS8srq2vu+vK5yktJaI/kPJeXCVaUs4z2NNOcXhaSYpFwepEMjur6xR2ViuXZmR4WNBL4JmMpI1jbKHY7nhcmWJpQYH2bpKZbVaiDwlRiYoLKnFShKkVsWMevru0N/fTFzPNit+3v+iOhaROMTRvG6sbue9jPSSlopgnHSl0FfqEjg6VmhNOqFZaKFpgM8A29sjbDgqrIjNas0LZN+ijNpT2ZRqP09wuDhVJDkdjO+pdqslaH/9bqpNDifmK+Tg8iw7Ki1DQj3+PTkiOdo5ok6jNJieZDazCRzG6AyC224LTl3bJogkkQ0+Z8bzew/tSHJmzCFuxAAPtwCMfQhR4QeIAneIYX59F5cz6+ITacMc0N+CPn8wtwva1n</latexit><latexit sha1_base64="USYBcU2+p61VzAigGIRwx2cQrsQ="></latexit><latexit sha1_base64="9NrWlh6FGhkjsJRqA7FPsMXVlSw="></latexit><latexit sha1_base64="9NrWlh6FGhkjsJRqA7FPsMXVlSw="></latexit><latexit sha1_base64="9NrWlh6FGhkjsJRqA7FPsMXVlSw="></latexit><latexit sha1_base64="9NrWlh6FGhkjsJRqA7FPsMXVlSw="></latexit><latexit sha1_base64="9NrWlh6FGhkjsJRqA7FPsMXVlSw="></latexit><latexit sha1_base64="9NrWlh6FGhkjsJRqA7FPsMXVlSw="></latexit>

�
P̂i = Pi � P̄

 
<latexit sha1_base64="ad625E4z4Lc+Cglgl6NccWov+FA="></latexit><latexit sha1_base64="ad625E4z4Lc+Cglgl6NccWov+FA="></latexit><latexit sha1_base64="ad625E4z4Lc+Cglgl6NccWov+FA="></latexit><latexit sha1_base64="ad625E4z4Lc+Cglgl6NccWov+FA="></latexit>

t = P̄c � P̄
<latexit sha1_base64="h68K/0Pb5fuI1cjzF5itoQwRTv0="></latexit>

�
P̂c

i = Pc
i � P̄c 

<latexit sha1_base64="EJyjKciQiQ3mBQrpYkk1k7oIEdY="></latexit>

P̄c =
1
N

N

Â
i=0

Pc
i

<latexit sha1_base64="YCOuXARon3vm29WnE2o+1nVisoA="></latexit>

L = Â
i
(P̂i)

>(RP̂c
i )

<latexit sha1_base64="8G+Ty1qIFFZwVeu5NAE0fPY2pfw="></latexit>



Linear Perspective-n-Point (PnP)
Seulement 3 points ⟹ imprécisions
Utiliser n points 

• algo. itératifs [Lu, Hager, and Mjolsness, 2000]
• formes closes [Moreno-Noguer, Lepetit, and P. Fua, 2007]
• + rejet des points aberrants (outliers)

Recherche la pose sans passer par les distances
[Ke and Roumeliotis, CVPR’17]

• Plus rapide, plus précis et plus robuste
• Disponible dans OpenCV > 3.3 :
solvePnP() avec SOLVEPNP_AP3P 



Minimiser erreur de reprojection
Moindres carrés non linéaires :

Approche plus flexible, sans limite sur le nombre de points, 
pouvant être très précise

…mais méthode d’optimisation itérative
(Gauss-Newton, Levenberg-Marquardt)

⟹ Jacobienne de l’énergie et solution initiale requises 
(e.g., solution linéaire)

⟹ rendre robuste aux outliers (RANSAC)

minÂ
i
||K(R|t)Pi �pi||2

<latexit sha1_base64="3l18iPK0OqFOApgsidhMueyCegY="></latexit>



Calibration des caméras
Grille planaire ⟹ Z = 0

[Zhang 1999]

p =

0

@
u
v
w

1

A= K(R|t)

0

BB@

X
Y
0
1

1

CCA

<latexit sha1_base64="B8uTGjwhVoa3nNAMrZJ9KkwC04M="></latexit><latexit sha1_base64="B8uTGjwhVoa3nNAMrZJ9KkwC04M="></latexit><latexit sha1_base64="B8uTGjwhVoa3nNAMrZJ9KkwC04M="></latexit><latexit sha1_base64="QAqPpnA4bxhKUzuvN6IPGYerzxs=">AAAB73icbZDNSgMxFIXv+FvHqnXtJlgEV2XGjS4FNy4r2B9oh5LJZNrQJDMkd8Qy1Adw6yu4Ex/IN/AxzLRdaOuBwMc5CffmxLkUFoPgy9va3tnd268d+Id1/+j4pFHv2qwwjHdYJjPTj6nlUmjeQYGS93PDqYol78XTuyrvPXFjRaYfcZbzSNGxFqlgFJ3VHjWaQStYiGxCuIImrDRqfA+TjBWKa2SSWjsIgxyjkhoUTPK5Pywszymb0jEfONRUcRuVizXn5MI5CUkz445GsnB/vyipsnamYndTUZzY9awy/80qJ0f1vDYf05uoFDovkGu2HJ8WkmBGqiZIIgxnKGcOKDPC/YCwCTWUoevLd82E6z1sQveqFTp+CKAGZ3AOlxDCNdzCPbShAwwSeIU378V79z6WDW55qypP4Y+8zx9xgpOQ</latexit><latexit sha1_base64="qu+Dy198+CF7q4NgX+iLQGnInbE="></latexit><latexit sha1_base64="qu+Dy198+CF7q4NgX+iLQGnInbE="></latexit><latexit sha1_base64="jtB2mMwDh899rbiLUzn66vwwyhs="></latexit><latexit sha1_base64="B8uTGjwhVoa3nNAMrZJ9KkwC04M="></latexit><latexit sha1_base64="B8uTGjwhVoa3nNAMrZJ9KkwC04M="></latexit><latexit sha1_base64="B8uTGjwhVoa3nNAMrZJ9KkwC04M="></latexit><latexit sha1_base64="B8uTGjwhVoa3nNAMrZJ9KkwC04M="></latexit><latexit sha1_base64="B8uTGjwhVoa3nNAMrZJ9KkwC04M="></latexit><latexit sha1_base64="B8uTGjwhVoa3nNAMrZJ9KkwC04M="></latexit>

= K

0

@
r11 r12 t1
r21 r22 t2
r31 r32 t3

1

A

0

@
X
Y
1

1

A

<latexit sha1_base64="8s77k4hC40qb/3d7lkt0XOpvtp8="></latexit><latexit sha1_base64="8s77k4hC40qb/3d7lkt0XOpvtp8="></latexit><latexit sha1_base64="8s77k4hC40qb/3d7lkt0XOpvtp8="></latexit><latexit sha1_base64="8s77k4hC40qb/3d7lkt0XOpvtp8="></latexit>

H homographie =

0

@
h1 h2 h3
h4 h5 h6
h7 h8 h9

1

A

<latexit sha1_base64="73t2fsLjcW3NrKZDU+nAQ92JLnE="></latexit>



Homographie
8 degrés de liberté + facteur d’échelle s

p =

0

@
u
v
w

1

A= s

0

@
h1 h2 h3
h4 h5 h6
h7 h8 1

1

A

0

@
X
Y
1

1

A

<latexit sha1_base64="DHuVip5PQHLMV6Tv9Rwz3sVif+s="></latexit> 0

@
u
w
v
w

1

A=

0

@
h1X+h2Y+h3
h7X+h8Y+1
h4X+h5Y+h6
h7X+h8Y+1

1

A

<latexit sha1_base64="UFBgVSLWTUCz0tpnAj2Tva5F2B4="></latexit>

⟹

⟹ DLT ou PnP avec 4 points pour estimer H



Facteur d’échelle s
Rotation ⟹ 2 premières colonnes normalisées

K

0

@
r11 r12 t1
r21 r22 t2
r31 r32 t3

1

A= s

0

@
h1 h2 h3
h4 h5 h6
h7 h8 1

1

A

<latexit sha1_base64="GZuqXEtPp0BE/WBVrIZwBI1C9sU="></latexit>

⟹ s =
2q

h2
1 +h2

4 +h2
7 +

q
h2

2 +h2
5 +h2

8
<latexit sha1_base64="mSJIzctQBrgIS8Jc+19RKptMh9k="></latexit>



Chaîne de traitement
1. Calibration des caméras 

2. Détection des blobs

3. Mise en correspondance entre les vues

4. Reconstruction des positions 3D

5. Ajustement d’une constellation rigide

6. Estimation de la pose de a constellation
(position et orientation)



Détection des blobs

mi =
Sp j I(p j)p j

Sp j I(p j)
<latexit sha1_base64="Ri8/cwq+ZxrF0arUvGoJmCUygM4="></latexit><latexit sha1_base64="Ri8/cwq+ZxrF0arUvGoJmCUygM4="></latexit><latexit sha1_base64="53PXBjH3b5Mt2blcJy7CISt6sWY="></latexit><latexit sha1_base64="53PXBjH3b5Mt2blcJy7CISt6sWY="></latexit>

mi
<latexit sha1_base64="dx42cOUzIdIMSsnUNuSEsHvAv1M=">AAACD3icbZC7TsMwFIZPyq2UW4CRJaJFYqqSLjBWsDAWiV6kNooc12mt2k5kOxVV1IdgZ4VXYEOsPAJvwGPgtBmg5ZcsffrPOTrHf5gwqrTrflmljc2t7Z3ybmVv/+DwyD4+6ag4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTm7zendKpKKxeNCzhPgcjQSNKEbaWIFt12oDjvQ4jDI+D2itFthVt+4u5KyDV0AVCrUC+3swjHHKidCYIaX6nptoP0NSU8zIvDJIFUkQnqAR6RsUiBPlZ4vL586FcYZOFEvzhHYW7u+JDHGlZjw0nfmVarWWm//WcifR/HFlv46u/YyKJNVE4OX6KGWOjp08HGdIJcGazQwgLKn5gYPHSCKsTYQVE423GsQ6dBp1z/B9o9q8KUIqwxmcwyV4cAVNuIMWtAHDFJ7hBV6tJ+vNerc+lq0lq5g5hT+yPn8AmUicQg==</latexit><latexit sha1_base64="dx42cOUzIdIMSsnUNuSEsHvAv1M=">AAACD3icbZC7TsMwFIZPyq2UW4CRJaJFYqqSLjBWsDAWiV6kNooc12mt2k5kOxVV1IdgZ4VXYEOsPAJvwGPgtBmg5ZcsffrPOTrHf5gwqrTrflmljc2t7Z3ybmVv/+DwyD4+6ag4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTm7zendKpKKxeNCzhPgcjQSNKEbaWIFt12oDjvQ4jDI+D2itFthVt+4u5KyDV0AVCrUC+3swjHHKidCYIaX6nptoP0NSU8zIvDJIFUkQnqAR6RsUiBPlZ4vL586FcYZOFEvzhHYW7u+JDHGlZjw0nfmVarWWm//WcifR/HFlv46u/YyKJNVE4OX6KGWOjp08HGdIJcGazQwgLKn5gYPHSCKsTYQVE423GsQ6dBp1z/B9o9q8KUIqwxmcwyV4cAVNuIMWtAHDFJ7hBV6tJ+vNerc+lq0lq5g5hT+yPn8AmUicQg==</latexit><latexit sha1_base64="dx42cOUzIdIMSsnUNuSEsHvAv1M=">AAACD3icbZC7TsMwFIZPyq2UW4CRJaJFYqqSLjBWsDAWiV6kNooc12mt2k5kOxVV1IdgZ4VXYEOsPAJvwGPgtBmg5ZcsffrPOTrHf5gwqrTrflmljc2t7Z3ybmVv/+DwyD4+6ag4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTm7zendKpKKxeNCzhPgcjQSNKEbaWIFt12oDjvQ4jDI+D2itFthVt+4u5KyDV0AVCrUC+3swjHHKidCYIaX6nptoP0NSU8zIvDJIFUkQnqAR6RsUiBPlZ4vL586FcYZOFEvzhHYW7u+JDHGlZjw0nfmVarWWm//WcifR/HFlv46u/YyKJNVE4OX6KGWOjp08HGdIJcGazQwgLKn5gYPHSCKsTYQVE423GsQ6dBp1z/B9o9q8KUIqwxmcwyV4cAVNuIMWtAHDFJ7hBV6tJ+vNerc+lq0lq5g5hT+yPn8AmUicQg==</latexit><latexit sha1_base64="dx42cOUzIdIMSsnUNuSEsHvAv1M=">AAACD3icbZC7TsMwFIZPyq2UW4CRJaJFYqqSLjBWsDAWiV6kNooc12mt2k5kOxVV1IdgZ4VXYEOsPAJvwGPgtBmg5ZcsffrPOTrHf5gwqrTrflmljc2t7Z3ybmVv/+DwyD4+6ag4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTm7zendKpKKxeNCzhPgcjQSNKEbaWIFt12oDjvQ4jDI+D2itFthVt+4u5KyDV0AVCrUC+3swjHHKidCYIaX6nptoP0NSU8zIvDJIFUkQnqAR6RsUiBPlZ4vL586FcYZOFEvzhHYW7u+JDHGlZjw0nfmVarWWm//WcifR/HFlv46u/YyKJNVE4OX6KGWOjp08HGdIJcGazQwgLKn5gYPHSCKsTYQVE423GsQ6dBp1z/B9o9q8KUIqwxmcwyV4cAVNuIMWtAHDFJ7hBV6tJ+vNerc+lq0lq5g5hT+yPn8AmUicQg==</latexit>

précision de l’ordre du 10ème de pixel (voire 100ème)

Problème :
superpositions
(segmentation basée 
contours, Hough circle
transform, machine learning)

Seuillage pour détecter les candidats,
moyenne pondérée par luminance :



Mise en correspondance
Marqueurs actifs : ID encodé par la fréquence, 

mais nécessite des caméras haute vitesse

Marqueurs passif : géométrie épipolaire



Géométrie épipolaire
• ligne de base
• épipoles e et e'
• lignes épipolaires
• plan épipolaire

p p'

P

K connu K' connu

R et t relatifs connusc1

e'e
c2

l l'



Contrainte épipolaire
Si K = K' = I, p' dans le repère de la 1ère caméra vaut Rp' + t
⟹ t × (Rp' + t) = t × Rp' vecteur orthogonal au plan épipolaire
⟹ p • (t × Rp') = 0

p p'

P

K=I K'=I

R et t relatifs connusc1

e'e
c2

caméras canoniques



Produit scalaire/vectoriel 
et multiplication de matrices

a⇥b =

0

@
0 �az ay
az 0 �ax
�ay ax 0

1

Ab = [a⇥]b
<latexit sha1_base64="o5V2q6jWCQ7rVSTjAk+rYCODPrY="></latexit><latexit sha1_base64="o5V2q6jWCQ7rVSTjAk+rYCODPrY="></latexit><latexit sha1_base64="o5V2q6jWCQ7rVSTjAk+rYCODPrY="></latexit><latexit sha1_base64="o5V2q6jWCQ7rVSTjAk+rYCODPrY="></latexit>

a ·b =
�
ax ay az

�
0

@
bx
by
bz

1

A= a>b
<latexit sha1_base64="ewDuKAZ3BnbnhRjgrB38DnTIzhI="></latexit><latexit sha1_base64="ewDuKAZ3BnbnhRjgrB38DnTIzhI="></latexit><latexit sha1_base64="ewDuKAZ3BnbnhRjgrB38DnTIzhI="></latexit><latexit sha1_base64="ewDuKAZ3BnbnhRjgrB38DnTIzhI="></latexit>



Contrainte épipolaire
p • (t × Rp') = 0 ⟺ p⊤ [t×] R p' = 0

• l = Ep' et l' = E ⊤p
• Ee' = 0 et E ⊤e = 0
• E matrice 3x3 ; 5 DOF

p p'

P

R et t relatifs connusc1

e'e
c2

= E : matrice essentielle
[Longuet-Higgins, 1981]

l l'
K=I K'=I



Contrainte épipolaire

pc = K-1 p
p'c = K'-1 p'

p p'

P

K connu K' connu

R et t relatifs connusc1

e'e
c2

⟹ pc
⊤ [t×] R p'c = 0

⟹ (K-1 p)⊤ [t×] R K'-1 p' = 0



Contrainte épipolaire
p⊤ F p' = 0 avec F = K-⊤ [t×] R K'-1

• l = Fp' et l' = F ⊤p
• Fe' = 0 et F ⊤e = 0
• F matrice 3x3 ; 7 DOF

p p'

P

K connu K' connu

R et t relatifs connusc1

e'e
c2

matrice fondamentale [Faugeras and Luong, 1992]

l l'



Contrainte épipolaire

p
p' l' = F ⊤p



Estimer la matrice fondamentale
The Eight-Point Algorithm [Longuet-Higgins, 1981]

p =

0

@
u
v
1

1

A
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p0 =

0

@
u0
v0
1

1

A
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u v 1

�
0

@
F11 F12 F13
F21 F22 F23
F31 F32 F33

1

A

0

@
u0
v0
1

1

A= 0
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p⊤ F p' = 0 

⟹

�
uu0 uv0 u vu0 vv0 v u0 v0 1

�

0

BBBBBBBBBBBB@

F11
F12
F13
F21
F22
F23
F31
F32
F33

1

CCCCCCCCCCCCA

= 0
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⟹



Estimer la matrice fondamentale
Avec (au moins) 8 points en correspondance

0

BBBBBBBBBB@

u1u01 u1v01 u1 v1u01 v1v01 v1 u01 v01 1
u2u02 u2v02 u2 v2u02 v2v02 v2 u02 v02 1
u3u03 u3v03 u3 v3u03 v3v03 v3 u03 v03 1
u4u04 u4v04 u4 v4u04 v4v04 v4 u04 v04 1
u5u05 u5v05 u5 v5u05 v5v05 v5 u05 v05 1
u6u06 u6v06 u6 v6u06 v6v06 v6 u06 v06 1
u7u07 u7v07 u7 v7u07 v7v07 v7 u07 v07 1
u8u08 u8v08 u8 v8u08 v8v08 v8 u08 v08 1

1

CCCCCCCCCCA

0

BBBBBBBBBBBB@

F11
F12
F13
F21
F22
F23
F31
F32
F33

1

CCCCCCCCCCCCA

= 0
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Wf = 0
<latexit sha1_base64="eRNG1+Rgj8hnZmdAFJvJroIaGuY=">AAACHnicbZC7TsMwFIYdriXcAowMWDRITFXSBRakChbGItGL1EaV4zqtVduJbAdRRR15D3ZWeAU2xApvwGPgtEGCll+y9Ok/5+j4/GHCqNKe92ktLa+srq2XNuzNre2dXWdvv6niVGLSwDGLZTtEijAqSENTzUg7kQTxkJFWOLrK6607IhWNxa0eJyTgaCBoRDHSxuo5R64L7S5HehhGWWvyQ9HEvoCe7bo9p+xVvKngIvgFlEGhes/56vZjnHIiNGZIqY7vJTrIkNQUMzKxu6kiCcIjNCAdgwJxooJsesgEnhinD6NYmic0nLq/JzLElRrz0HTmH1Xztdz8t5Y7ieb3c/t1dB5kVCSpJgLP1kcpgzqGeVawTyXBmo0NICypuQDiIZIIa5OobaLx54NYhGa14hu+qZZrl0VIJXAIjsEp8MEZqIFrUAcNgMEDeALP4MV6tF6tN+t91rpkFTMH4I+sj2/GrKDx</latexit><latexit sha1_base64="eRNG1+Rgj8hnZmdAFJvJroIaGuY=">AAACHnicbZC7TsMwFIYdriXcAowMWDRITFXSBRakChbGItGL1EaV4zqtVduJbAdRRR15D3ZWeAU2xApvwGPgtEGCll+y9Ok/5+j4/GHCqNKe92ktLa+srq2XNuzNre2dXWdvv6niVGLSwDGLZTtEijAqSENTzUg7kQTxkJFWOLrK6607IhWNxa0eJyTgaCBoRDHSxuo5R64L7S5HehhGWWvyQ9HEvoCe7bo9p+xVvKngIvgFlEGhes/56vZjnHIiNGZIqY7vJTrIkNQUMzKxu6kiCcIjNCAdgwJxooJsesgEnhinD6NYmic0nLq/JzLElRrz0HTmH1Xztdz8t5Y7ieb3c/t1dB5kVCSpJgLP1kcpgzqGeVawTyXBmo0NICypuQDiIZIIa5OobaLx54NYhGa14hu+qZZrl0VIJXAIjsEp8MEZqIFrUAcNgMEDeALP4MV6tF6tN+t91rpkFTMH4I+sj2/GrKDx</latexit><latexit sha1_base64="eRNG1+Rgj8hnZmdAFJvJroIaGuY=">AAACHnicbZC7TsMwFIYdriXcAowMWDRITFXSBRakChbGItGL1EaV4zqtVduJbAdRRR15D3ZWeAU2xApvwGPgtEGCll+y9Ok/5+j4/GHCqNKe92ktLa+srq2XNuzNre2dXWdvv6niVGLSwDGLZTtEijAqSENTzUg7kQTxkJFWOLrK6607IhWNxa0eJyTgaCBoRDHSxuo5R64L7S5HehhGWWvyQ9HEvoCe7bo9p+xVvKngIvgFlEGhes/56vZjnHIiNGZIqY7vJTrIkNQUMzKxu6kiCcIjNCAdgwJxooJsesgEnhinD6NYmic0nLq/JzLElRrz0HTmH1Xztdz8t5Y7ieb3c/t1dB5kVCSpJgLP1kcpgzqGeVawTyXBmo0NICypuQDiIZIIa5OobaLx54NYhGa14hu+qZZrl0VIJXAIjsEp8MEZqIFrUAcNgMEDeALP4MV6tF6tN+t91rpkFTMH4I+sj2/GrKDx</latexit><latexit sha1_base64="eRNG1+Rgj8hnZmdAFJvJroIaGuY=">AAACHnicbZC7TsMwFIYdriXcAowMWDRITFXSBRakChbGItGL1EaV4zqtVduJbAdRRR15D3ZWeAU2xApvwGPgtEGCll+y9Ok/5+j4/GHCqNKe92ktLa+srq2XNuzNre2dXWdvv6niVGLSwDGLZTtEijAqSENTzUg7kQTxkJFWOLrK6607IhWNxa0eJyTgaCBoRDHSxuo5R64L7S5HehhGWWvyQ9HEvoCe7bo9p+xVvKngIvgFlEGhes/56vZjnHIiNGZIqY7vJTrIkNQUMzKxu6kiCcIjNCAdgwJxooJsesgEnhinD6NYmic0nLq/JzLElRrz0HTmH1Xztdz8t5Y7ieb3c/t1dB5kVCSpJgLP1kcpgzqGeVawTyXBmo0NICypuQDiIZIIa5OobaLx54NYhGa14hu+qZZrl0VIJXAIjsEp8MEZqIFrUAcNgMEDeALP4MV6tF6tN+t91rpkFTMH4I+sj2/GrKDx</latexit>

⟺
⟹ Résolution aux moindres carrés par SVD



Estimer la matrice fondamentale
Wmal conditionnée : u,v≫ w = 1
⟹ The Normalized Eight-Point Algorithm [Hartley, 1997]

1. Trouver la transformation T (resp. T') telle que :
• Origine = centroïde des points
• Distance moyenne des points à l’origine ≈ 2px

2. Normaliser les points : q = Tp et q' = T'p’
3. Estimer Fq avec l’algo. précédent
4. Dénormaliser : F = T⊤ Fq T'



Reconstruction des positions 3D
Triangulation : P à l’intersection de l et l'

…mais en pratique, pas d’intersection exacte !

c1 c2

p p'

P

l l'

R et t relatifs connus

K connu K' connu



Triangulation (stéréo)
En pratique, trouver     au plus proche de P1 et P2

⟹ minimisant : 

107

P

p'
p1

p2p

c c'

P1

P2

P⇤
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P⇤
<latexit sha1_base64="M4IT2T2juF7UBroCO+pSrTKY8QM=">AAACD3icbVC7TsNAEFyHVwgvAyXNiQQJUUR2GigjaCiDRB5SYqLz5Zyccmdbd+eIyMpH0NPCL9AhWj6BP+AzOCcuIGGklUYzu9rd8WPOlHacL6uwtr6xuVXcLu3s7u0f2IdHLRUlktAmiXgkOz5WlLOQNjXTnHZiSbHwOW3745vMb0+oVCwK7/U0pp7Aw5AFjGBtpL5tVyo9gfXID9LG7OGiUunbZafqzIFWiZuTMuRo9O3v3iAiiaChJhwr1XWdWHsplpoRTmelXqJojMkYD2nX0BALqrx0fvkMnRllgIJImgo1mqu/J1IslJoK33RmV6plLxP/9TIl1uJxab8OrryUhXGiaUgW64OEIx2hLBw0YJISzaeGYCKZ+QCREZaYaBNhyUTjLgexSlq1qutU3btauX6dh1SEEziFc3DhEupwCw1oAoEJPMMLvFpP1pv1bn0sWgtWPnMMf2B9/gADQpvl</latexit><latexit sha1_base64="M4IT2T2juF7UBroCO+pSrTKY8QM=">AAACD3icbVC7TsNAEFyHVwgvAyXNiQQJUUR2GigjaCiDRB5SYqLz5Zyccmdbd+eIyMpH0NPCL9AhWj6BP+AzOCcuIGGklUYzu9rd8WPOlHacL6uwtr6xuVXcLu3s7u0f2IdHLRUlktAmiXgkOz5WlLOQNjXTnHZiSbHwOW3745vMb0+oVCwK7/U0pp7Aw5AFjGBtpL5tVyo9gfXID9LG7OGiUunbZafqzIFWiZuTMuRo9O3v3iAiiaChJhwr1XWdWHsplpoRTmelXqJojMkYD2nX0BALqrx0fvkMnRllgIJImgo1mqu/J1IslJoK33RmV6plLxP/9TIl1uJxab8OrryUhXGiaUgW64OEIx2hLBw0YJISzaeGYCKZ+QCREZaYaBNhyUTjLgexSlq1qutU3btauX6dh1SEEziFc3DhEupwCw1oAoEJPMMLvFpP1pv1bn0sWgtWPnMMf2B9/gADQpvl</latexit><latexit sha1_base64="M4IT2T2juF7UBroCO+pSrTKY8QM=">AAACD3icbVC7TsNAEFyHVwgvAyXNiQQJUUR2GigjaCiDRB5SYqLz5Zyccmdbd+eIyMpH0NPCL9AhWj6BP+AzOCcuIGGklUYzu9rd8WPOlHacL6uwtr6xuVXcLu3s7u0f2IdHLRUlktAmiXgkOz5WlLOQNjXTnHZiSbHwOW3745vMb0+oVCwK7/U0pp7Aw5AFjGBtpL5tVyo9gfXID9LG7OGiUunbZafqzIFWiZuTMuRo9O3v3iAiiaChJhwr1XWdWHsplpoRTmelXqJojMkYD2nX0BALqrx0fvkMnRllgIJImgo1mqu/J1IslJoK33RmV6plLxP/9TIl1uJxab8OrryUhXGiaUgW64OEIx2hLBw0YJISzaeGYCKZ+QCREZaYaBNhyUTjLgexSlq1qutU3btauX6dh1SEEziFc3DhEupwCw1oAoEJPMMLvFpP1pv1bn0sWgtWPnMMf2B9/gADQpvl</latexit><latexit sha1_base64="M4IT2T2juF7UBroCO+pSrTKY8QM=">AAACD3icbVC7TsNAEFyHVwgvAyXNiQQJUUR2GigjaCiDRB5SYqLz5Zyccmdbd+eIyMpH0NPCL9AhWj6BP+AzOCcuIGGklUYzu9rd8WPOlHacL6uwtr6xuVXcLu3s7u0f2IdHLRUlktAmiXgkOz5WlLOQNjXTnHZiSbHwOW3745vMb0+oVCwK7/U0pp7Aw5AFjGBtpL5tVyo9gfXID9LG7OGiUunbZafqzIFWiZuTMuRo9O3v3iAiiaChJhwr1XWdWHsplpoRTmelXqJojMkYD2nX0BALqrx0fvkMnRllgIJImgo1mqu/J1IslJoK33RmV6plLxP/9TIl1uJxab8OrryUhXGiaUgW64OEIx2hLBw0YJISzaeGYCKZ+QCREZaYaBNhyUTjLgexSlq1qutU3btauX6dh1SEEziFc3DhEupwCw1oAoEJPMMLvFpP1pv1bn0sWgtWPnMMf2B9/gADQpvl</latexit>

composante normale 
à la direction du rayon

||(P⇤ � c)?||2 + ||(P⇤ � c0)?||2
<latexit sha1_base64="cPKnjUvtww35bVM8vlknEQZzUg4="></latexit>



Reconstruction des positions 3D
Par définition, p × (MP) = 0 et p' × (M'P) = 0
⟹ 4 contraintes d’égalité : 

AP = 0 avec et 

⟹ système linéaire (SVD) similaire à DLT

M = (M1 |M2 |M3 )
<latexit sha1_base64="G+REqSeAmyZBb3d5v3jyFceDSq4="></latexit><latexit sha1_base64="G+REqSeAmyZBb3d5v3jyFceDSq4="></latexit><latexit sha1_base64="G+REqSeAmyZBb3d5v3jyFceDSq4="></latexit><latexit sha1_base64="G+REqSeAmyZBb3d5v3jyFceDSq4="></latexit>

A =

0

BB@

uM3 �M1
vM3 �M2
u0M0

3 �M0
1

v0M0
3 �M0

2

1

CCA

<latexit sha1_base64="lxZJBqG5k8NCq3jSKTdGINggOfY="></latexit><latexit sha1_base64="lxZJBqG5k8NCq3jSKTdGINggOfY="></latexit><latexit sha1_base64="lxZJBqG5k8NCq3jSKTdGINggOfY="></latexit><latexit sha1_base64="lxZJBqG5k8NCq3jSKTdGINggOfY="></latexit>



Reconstruction des positions 3D
Optimisation : trouver P* minimisant 

l’erreur de reprojection : 
⟹ non-linéaires

c1 c2

p p'

P

R et t relatifs connus

P*

K connu K' connu

||p�MP⇤||2 + ||p0 �M0P⇤||2
<latexit sha1_base64="PUl2Th+JuAudYSpQC03pa/tCy1s="></latexit><latexit sha1_base64="PUl2Th+JuAudYSpQC03pa/tCy1s="></latexit><latexit sha1_base64="gy8+RXiCuME8JZy42ENx7FsGKZY="></latexit><latexit sha1_base64="QAqPpnA4bxhKUzuvN6IPGYerzxs=">AAAB73icbZDNSgMxFIXv+FvHqnXtJlgEV2XGjS4FNy4r2B9oh5LJZNrQJDMkd8Qy1Adw6yu4Ex/IN/AxzLRdaOuBwMc5CffmxLkUFoPgy9va3tnd268d+Id1/+j4pFHv2qwwjHdYJjPTj6nlUmjeQYGS93PDqYol78XTuyrvPXFjRaYfcZbzSNGxFqlgFJ3VHjWaQStYiGxCuIImrDRqfA+TjBWKa2SSWjsIgxyjkhoUTPK5Pywszymb0jEfONRUcRuVizXn5MI5CUkz445GsnB/vyipsnamYndTUZzY9awy/80qJ0f1vDYf05uoFDovkGu2HJ8WkmBGqiZIIgxnKGcOKDPC/YCwCTWUoevLd82E6z1sQveqFTp+CKAGZ3AOlxDCNdzCPbShAwwSeIU378V79z6WDW55qypP4Y+8zx9xgpOQ</latexit><latexit sha1_base64="LJ/UEjXXDzKZ6RkoJCAJCp1pzS8=">AAACOXicbZDLSgMxFIbP1FutVatbN8FWKoplphtdCiK4ESrYC/RGJs20oZkLSUYs0z6R7+HepfoCLtyJezO9YG09EPj4zx/OOb8dcCaVab4aiZXVtfWN5GZqK729s5vZS1ekHwpCy8TnvqjZWFLOPFpWTHFaCwTFrs1p1e5fxf3qAxWS+d69GgS06eKuxxxGsNJSO3Odyw2HDRernu1Ewehshrel1sloOGwV0SmaN+R/HfmZJZdrZ7JmwRwXWgZrClmYVqmd+Wh0fBK61FOEYynrlhmoZoSFYoTTUaoRShpg0sddWtfoYZfKZjQ+d4SOtNJBji/08xQaq/M/IuxKOXBt7Yx3lYu9WPy3FyuBch8X5ivnohkxLwgV9chkvBNypHwUJ4o6TFCi+EADJoLpCxDpYYGJ0rmndDTWYhDLUCkWLM13JiThAA7hGCw4h0u4gRKUgcATvMAbvBvPxqfxNQkxYUzT3Ic/ZXz/APnFsAE=</latexit><latexit sha1_base64="LJ/UEjXXDzKZ6RkoJCAJCp1pzS8=">AAACOXicbZDLSgMxFIbP1FutVatbN8FWKoplphtdCiK4ESrYC/RGJs20oZkLSUYs0z6R7+HepfoCLtyJezO9YG09EPj4zx/OOb8dcCaVab4aiZXVtfWN5GZqK729s5vZS1ekHwpCy8TnvqjZWFLOPFpWTHFaCwTFrs1p1e5fxf3qAxWS+d69GgS06eKuxxxGsNJSO3Odyw2HDRernu1Ewehshrel1sloOGwV0SmaN+R/HfmZJZdrZ7JmwRwXWgZrClmYVqmd+Wh0fBK61FOEYynrlhmoZoSFYoTTUaoRShpg0sddWtfoYZfKZjQ+d4SOtNJBji/08xQaq/M/IuxKOXBt7Yx3lYu9WPy3FyuBch8X5ivnohkxLwgV9chkvBNypHwUJ4o6TFCi+EADJoLpCxDpYYGJ0rmndDTWYhDLUCkWLM13JiThAA7hGCw4h0u4gRKUgcATvMAbvBvPxqfxNQkxYUzT3Ic/ZXz/APnFsAE=</latexit><latexit sha1_base64="d+9Wid8LpBuvz+rM+z0nzaAIyaw=">AAACRHicbZDLSgMxFIYzXmu9jbp0E+xIRbHMdKPLoghuhAr2Ar2RSTNtaOZCkhHLTJ/I93DvUn0BF+7ErZjpBWvrgcDHf/7DyfntgFEhTfNFW1hcWl5ZTa2l1zc2t7b1nd2y8EOOSQn7zOdVGwnCqEdKkkpGqgEnyLUZqdi9y6RfuSdcUN+7k/2ANFzU8ahDMZJKaulXhhHHdRfJru1EweB0gjfF5vEgjpt5eAKnDdlfR3ZiMYyWnjFz5rDgPFhjyIBxFVv6e73t49AlnsQMCVGzzEA2IsQlxYwM0vVQkADhHuqQmkIPuUQ0ouG5A3iolDZ0fK6eJ+FQnZ6IkCtE37WVM/mrmO0l4r+9RAmk+zCzXzrnjYh6QSiJh0frnZBB6cMkUdimnGDJ+goQ5lRdAHEXcYSlyj2torFmg5iHcj5nKb41M4WLcUgpsA8OwBGwwBkogGtQBCWAwSN4Bq/gTXvSPrRP7WtkXdDGM3vgT2nfP5OVsaw=</latexit><latexit sha1_base64="gy8+RXiCuME8JZy42ENx7FsGKZY="></latexit><latexit sha1_base64="gy8+RXiCuME8JZy42ENx7FsGKZY="></latexit><latexit sha1_base64="gy8+RXiCuME8JZy42ENx7FsGKZY="></latexit><latexit sha1_base64="gy8+RXiCuME8JZy42ENx7FsGKZY="></latexit><latexit sha1_base64="gy8+RXiCuME8JZy42ENx7FsGKZY="></latexit><latexit sha1_base64="gy8+RXiCuME8JZy42ENx7FsGKZY="></latexit>

avec la contrainte :

p⊤ F p' = 0 

p̂0 = M0P⇤
<latexit sha1_base64="HCrh2L8BLyq/qvgDx0JdCsZSiQ4="></latexit>

p̂ = MP⇤
<latexit sha1_base64="cK3TAGjSYjt2+XNC1ATYAat/Mnw=">AAACLXicbVDLSsNAFJ34rPVVdelmsBXERUir+FgIRTduhAr2AW0sk+mkHTp5MHMjlpC/8D/cu9VfcCGIW/0Mk7QWbT0wcO4593LnHssXXIFhvGkzs3PzC4uZpezyyuraem5js6a8QFJWpZ7wZMMiignusipwEKzhS0YcS7C61b9I/Podk4p77g0MfGY6pOtym1MCsdTO6YVCq0cgbDkEepYd+lGEz/BPdRWNaSW63S8U2rm8oRsp8DQpjkgejVBp575aHY8GDnOBCqJUs2j4YIZEAqeCRdlWoJhPaJ90WTOmLnGYMsP0rgjvxkoH256Mnws4VX9PhMRRauBYcWfySzXpJeK/XqL44NxP7Af7xAy56wfAXDpcbwcCg4eT6HCHS0ZBDGJCqOTxBZj2iCQU4oCzaTSnCY7GQUyTWkkvHuiH16V8+XwUUgZtox20h4roGJXRJaqgKqLoAT2hZ/SiPWqv2rv2MWyd0UYzW+gPtM9vLxiowA==</latexit>



Contrainte épipolaire : 
projeté de P* sur l (resp. l') dans l’image 1 (resp. 2)

L’optimum minimise :
⟹ solution exacte d’une équation de degré 6

Reconstruction des positions 3D

e

l

p̂
<latexit sha1_base64="DmM1xcNQC811004EvMDiMKKhqC0=">AAACE3icbVDLSsNAFJ3UV62v+Ni5CTaCq5JU8bErunFZwT6gCWUynbRDJw9mbsQa8hnu3eovuBO3foB/4GeYpEG09cCFwzn3cu89TsiZBMP4VEoLi0vLK+XVytr6xuaWur3TlkEkCG2RgAei62BJOfNpCxhw2g0FxZ7DaccZX2V+544KyQL/FiYhtT089JnLCIZU6qt7um6NMMSWh2HkuHGYJLreV6tGzcihzROzIFVUoNlXv6xBQCKP+kA4lrJnGiHYMRbACKdJxYokDTEZ4yHtpdTHHpV2nF+faIepMtDcQKTlg5arvydi7Ek58Zy0MztSznqZ+K+XKSF49zP7wT23Y+aHEVCfTNe7Edcg0LKAtAETlACfpAQTwdIPNDLCAhNIY6zk0VxkOP0JYp606zXzuHZyU682LouQymgfHaAjZKIz1EDXqIlaiKAH9ISe0YvyqLwqb8r7tLWkFDO76A+Uj29DIp5u</latexit>

p

l'
p'

p̂0
<latexit sha1_base64="XeWtxTUwwMMnKP9DzZj1m9ToYfc=">AAACFHicbVDLSsNAFJ3UV62vqLhyE2xEVyWp4mNXdOOygn1AE8pkOmmHTh7M3Igl5Dfcu9VfcCdu3fsHfoZJGkRbD1w4nHMv997jhJxJMIxPpbSwuLS8Ul6trK1vbG6p2zttGUSC0BYJeCC6DpaUM5+2gAGn3VBQ7DmcdpzxdeZ37qmQLPDvYBJS28NDn7mMYEilvrqn69YIQ2x5GEaOG4dJcqTrfbVq1Iwc2jwxC1JFBZp99csaBCTyqA+EYyl7phGCHWMBjHCaVKxI0hCTMR7SXkp97FFpx/n5iXaYKgPNDURaPmi5+nsixp6UE89JO7Mr5ayXif96mRKC9zCzH9wLO2Z+GAH1yXS9G3ENAi1LSBswQQnwSUowESz9QCMjLDCBNMdKHs1lhrOfIOZJu14zT2qnt/Vq46oIqYz20QE6RiY6Rw10g5qohQiK0RN6Ri/Ko/KqvCnv09aSUszsoj9QPr4BrjSenw==</latexit>e'

d
d'

d2 +d02
<latexit sha1_base64="6L4PjTPZhYREWOehWu2blDJjupo=">AAACC3icbVDLSsNAFJ3UV62vqks3g40oCCWJ4mNXdOOygn1Am5bJZNIOnTyYmYgl9BPcu9VfcCdu/Qj/wM9wkgbR1gMXDufcy733OBGjQhrGp1ZYWFxaXimultbWNza3yts7TRHGHJMGDlnI2w4ShNGANCSVjLQjTpDvMNJyRtep37onXNAwuJPjiNg+GgTUoxhJJfV03e1Z8Bi6hz1L1/vlilE1MsB5YuakAnLU++Wvrhvi2CeBxAwJ0TGNSNoJ4pJiRialbixIhPAIDUhH0QD5RNhJdvUEHijFhV7IVQUSZurviQT5Qox9R3X6SA7FrJeK/3qpEkn/YWa/9C7shAZRLEmAp+u9mEEZwjQY6FJOsGRjRRDmVH0A8RBxhKWKr5RFc5ni7CeIedK0quZJ9fTWqtSu8pCKYA/sgyNggnNQAzegDhoAAw6ewDN40R61V+1Ne5+2FrR8Zhf8gfbxDdYVmbQ=</latexit>

Image 1 Image 2



Contrainte épipolaire



Caméras parallèles

p p'

P

R=I, t=(tx,0,0) connusc1 c2

⟹

e

Ep0 =

0

@
0 0 0
0 0 �tx
0 tx 0

1

A

0

@
u0
v0
1

1

A=

0

@
0
�tx
tx v0

1

A

<latexit sha1_base64="M+cg45lqGUh0JQ+CGzeyNEAwO10="></latexit><latexit sha1_base64="M+cg45lqGUh0JQ+CGzeyNEAwO10="></latexit><latexit sha1_base64="M+cg45lqGUh0JQ+CGzeyNEAwO10="></latexit><latexit sha1_base64="M+cg45lqGUh0JQ+CGzeyNEAwO10="></latexit>

ligne épipolaire horizontale !

E = [t⇥]R =

0

@
0 0 0
0 0 �tx
0 tx 0

1

A

<latexit sha1_base64="Z3K8FTtuT+UUJ72rwYUu72YwnCk="></latexit><latexit sha1_base64="Z3K8FTtuT+UUJ72rwYUu72YwnCk="></latexit>

e'



Caméras parallèles
p⊤ E p' = 0

P

R=I, t=(tx,0,0) connusc1 c2

e e'

�
u v 1

�
0

@
0
�tx
tx v

1

A= 0
<latexit sha1_base64="nVU0DSNv4qHA4+DlUjq/tB57/Io="></latexit><latexit sha1_base64="nVU0DSNv4qHA4+DlUjq/tB57/Io="></latexit><latexit sha1_base64="nVU0DSNv4qHA4+DlUjq/tB57/Io="></latexit><latexit sha1_base64="nVU0DSNv4qHA4+DlUjq/tB57/Io="></latexit>

⟹ ⟹ tx v = tx v0
<latexit sha1_base64="zhWGksGj42qtdc+C9axU1ooRpD8=">AAACF3icbZC7SgNBFIZn4y3GW9RGsBnMihYiu2m0EYI2lhHMBZJlmZ3MJkNmL8ycDQlLfA97W30FO7G19A18DGeTCJr4w4GP/5zD4fxeLLgCy/o0ckvLK6tr+fXCxubW9k5xd6+uokRSVqORiGTTI4oJHrIacBCsGUtGAk+whte/yfqNAZOKR+E9jGLmBKQbcp9TAtpyiwemCe4Qt8/wAF/hHzwxTbdYss6tifAi2DMooZmqbvGr3YloErAQqCBKtWwrBiclEjgVbFxoJ4rFhPZJl7U0hiRgykknH4zxsXY62I+krhDwxP29kZJAqVHg6cmAQE/N9zLz317mxBAM5+6Df+mkPIwTYCGdnvcTgSHCWUi4wyWjIEYaCJVcf4Bpj0hCQUdZ0NHY80EsQr18bmu+K5cq17OQ8ugQHaFTZKMLVEG3qIpqiKIH9ISe0YvxaLwab8b7dDRnzHb20R8ZH98RF51N</latexit><latexit sha1_base64="zhWGksGj42qtdc+C9axU1ooRpD8=">AAACF3icbZC7SgNBFIZn4y3GW9RGsBnMihYiu2m0EYI2lhHMBZJlmZ3MJkNmL8ycDQlLfA97W30FO7G19A18DGeTCJr4w4GP/5zD4fxeLLgCy/o0ckvLK6tr+fXCxubW9k5xd6+uokRSVqORiGTTI4oJHrIacBCsGUtGAk+whte/yfqNAZOKR+E9jGLmBKQbcp9TAtpyiwemCe4Qt8/wAF/hHzwxTbdYss6tifAi2DMooZmqbvGr3YloErAQqCBKtWwrBiclEjgVbFxoJ4rFhPZJl7U0hiRgykknH4zxsXY62I+krhDwxP29kZJAqVHg6cmAQE/N9zLz317mxBAM5+6Df+mkPIwTYCGdnvcTgSHCWUi4wyWjIEYaCJVcf4Bpj0hCQUdZ0NHY80EsQr18bmu+K5cq17OQ8ugQHaFTZKMLVEG3qIpqiKIH9ISe0YvxaLwab8b7dDRnzHb20R8ZH98RF51N</latexit><latexit sha1_base64="zhWGksGj42qtdc+C9axU1ooRpD8=">AAACF3icbZC7SgNBFIZn4y3GW9RGsBnMihYiu2m0EYI2lhHMBZJlmZ3MJkNmL8ycDQlLfA97W30FO7G19A18DGeTCJr4w4GP/5zD4fxeLLgCy/o0ckvLK6tr+fXCxubW9k5xd6+uokRSVqORiGTTI4oJHrIacBCsGUtGAk+whte/yfqNAZOKR+E9jGLmBKQbcp9TAtpyiwemCe4Qt8/wAF/hHzwxTbdYss6tifAi2DMooZmqbvGr3YloErAQqCBKtWwrBiclEjgVbFxoJ4rFhPZJl7U0hiRgykknH4zxsXY62I+krhDwxP29kZJAqVHg6cmAQE/N9zLz317mxBAM5+6Df+mkPIwTYCGdnvcTgSHCWUi4wyWjIEYaCJVcf4Bpj0hCQUdZ0NHY80EsQr18bmu+K5cq17OQ8ugQHaFTZKMLVEG3qIpqiKIH9ISe0YvxaLwab8b7dDRnzHb20R8ZH98RF51N</latexit><latexit sha1_base64="zhWGksGj42qtdc+C9axU1ooRpD8=">AAACF3icbZC7SgNBFIZn4y3GW9RGsBnMihYiu2m0EYI2lhHMBZJlmZ3MJkNmL8ycDQlLfA97W30FO7G19A18DGeTCJr4w4GP/5zD4fxeLLgCy/o0ckvLK6tr+fXCxubW9k5xd6+uokRSVqORiGTTI4oJHrIacBCsGUtGAk+whte/yfqNAZOKR+E9jGLmBKQbcp9TAtpyiwemCe4Qt8/wAF/hHzwxTbdYss6tifAi2DMooZmqbvGr3YloErAQqCBKtWwrBiclEjgVbFxoJ4rFhPZJl7U0hiRgykknH4zxsXY62I+krhDwxP29kZJAqVHg6cmAQE/N9zLz317mxBAM5+6Df+mkPIwTYCGdnvcTgSHCWUi4wyWjIEYaCJVcf4Bpj0hCQUdZ0NHY80EsQr18bmu+K5cq17OQ8ugQHaFTZKMLVEG3qIpqiKIH9ISe0YvxaLwab8b7dDRnzHb20R8ZH98RF51N</latexit>

⟹ v = v0
<latexit sha1_base64="OsqC600oW1zdquZIPq39bT1rRfE=">AAACB3icbZC7TsMwFIYdrqXcCowsFg2CqUq6wIJUwcJYJHoRbVQ5rtNadZzIPqmooj4AOyu8Ahti5TF4Ax4Dp80ALb9k6dN/ztE5/v1YcA2O82WtrK6tb2wWtorbO7t7+6WDw6aOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3ST1VtjpjSP5D1MYuaFZCB5wCkBYz3Y9hhf4fGZbfdKZafizISXwc2hjHLVe6Xvbj+iScgkUEG07rhODF5KFHAq2LTYTTSLCR2RAesYlCRk2ktnF0/xqXH6OIiUeRLwzP09kZJQ60nom86QwFAv1jLz31rmxBA+LuyH4NJLuYwTYJLO1weJwBDhLBTc54pREBMDhCpufoDpkChCwURXNNG4i0EsQ7NacQ3fVcu16zykAjpGJ+gcuegC1dAtqqMGokiiZ/SCXq0n6816tz7mrStWPnOE/sj6/AGnZZhq</latexit><latexit sha1_base64="OsqC600oW1zdquZIPq39bT1rRfE=">AAACB3icbZC7TsMwFIYdrqXcCowsFg2CqUq6wIJUwcJYJHoRbVQ5rtNadZzIPqmooj4AOyu8Ahti5TF4Ax4Dp80ALb9k6dN/ztE5/v1YcA2O82WtrK6tb2wWtorbO7t7+6WDw6aOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3ST1VtjpjSP5D1MYuaFZCB5wCkBYz3Y9hhf4fGZbfdKZafizISXwc2hjHLVe6Xvbj+iScgkUEG07rhODF5KFHAq2LTYTTSLCR2RAesYlCRk2ktnF0/xqXH6OIiUeRLwzP09kZJQ60nom86QwFAv1jLz31rmxBA+LuyH4NJLuYwTYJLO1weJwBDhLBTc54pREBMDhCpufoDpkChCwURXNNG4i0EsQ7NacQ3fVcu16zykAjpGJ+gcuegC1dAtqqMGokiiZ/SCXq0n6816tz7mrStWPnOE/sj6/AGnZZhq</latexit><latexit sha1_base64="OsqC600oW1zdquZIPq39bT1rRfE=">AAACB3icbZC7TsMwFIYdrqXcCowsFg2CqUq6wIJUwcJYJHoRbVQ5rtNadZzIPqmooj4AOyu8Ahti5TF4Ax4Dp80ALb9k6dN/ztE5/v1YcA2O82WtrK6tb2wWtorbO7t7+6WDw6aOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3ST1VtjpjSP5D1MYuaFZCB5wCkBYz3Y9hhf4fGZbfdKZafizISXwc2hjHLVe6Xvbj+iScgkUEG07rhODF5KFHAq2LTYTTSLCR2RAesYlCRk2ktnF0/xqXH6OIiUeRLwzP09kZJQ60nom86QwFAv1jLz31rmxBA+LuyH4NJLuYwTYJLO1weJwBDhLBTc54pREBMDhCpufoDpkChCwURXNNG4i0EsQ7NacQ3fVcu16zykAjpGJ+gcuegC1dAtqqMGokiiZ/SCXq0n6816tz7mrStWPnOE/sj6/AGnZZhq</latexit><latexit sha1_base64="OsqC600oW1zdquZIPq39bT1rRfE=">AAACB3icbZC7TsMwFIYdrqXcCowsFg2CqUq6wIJUwcJYJHoRbVQ5rtNadZzIPqmooj4AOyu8Ahti5TF4Ax4Dp80ALb9k6dN/ztE5/v1YcA2O82WtrK6tb2wWtorbO7t7+6WDw6aOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3ST1VtjpjSP5D1MYuaFZCB5wCkBYz3Y9hhf4fGZbfdKZafizISXwc2hjHLVe6Xvbj+iScgkUEG07rhODF5KFHAq2LTYTTSLCR2RAesYlCRk2ktnF0/xqXH6OIiUeRLwzP09kZJQ60nom86QwFAv1jLz31rmxBA+LuyH4NJLuYwTYJLO1weJwBDhLBTc54pREBMDhCpufoDpkChCwURXNNG4i0EsQ7NacQ3fVcu16zykAjpGJ+gcuegC1dAtqqMGokiiZ/SCXq0n6816tz7mrStWPnOE/sj6/AGnZZhq</latexit>

contrainte épipolaire simple

p =

0

@
u
v
1

1

A

<latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit><latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit><latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit><latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit>

p0 =

0

@
u0
v0
1

1

A

<latexit sha1_base64="Mx6rWjeaq56GS9Nx6UvAMHq16M8="></latexit><latexit sha1_base64="Mx6rWjeaq56GS9Nx6UvAMHq16M8="></latexit><latexit sha1_base64="Mx6rWjeaq56GS9Nx6UvAMHq16M8="></latexit><latexit sha1_base64="QAqPpnA4bxhKUzuvN6IPGYerzxs=">AAAB73icbZDNSgMxFIXv+FvHqnXtJlgEV2XGjS4FNy4r2B9oh5LJZNrQJDMkd8Qy1Adw6yu4Ex/IN/AxzLRdaOuBwMc5CffmxLkUFoPgy9va3tnd268d+Id1/+j4pFHv2qwwjHdYJjPTj6nlUmjeQYGS93PDqYol78XTuyrvPXFjRaYfcZbzSNGxFqlgFJ3VHjWaQStYiGxCuIImrDRqfA+TjBWKa2SSWjsIgxyjkhoUTPK5Pywszymb0jEfONRUcRuVizXn5MI5CUkz445GsnB/vyipsnamYndTUZzY9awy/80qJ0f1vDYf05uoFDovkGu2HJ8WkmBGqiZIIgxnKGcOKDPC/YCwCTWUoevLd82E6z1sQveqFTp+CKAGZ3AOlxDCNdzCPbShAwwSeIU378V79z6WDW55qypP4Y+8zx9xgpOQ</latexit><latexit sha1_base64="SBBBO/nJeRvA2IOmjVeO7H8AZts=">AAACMXicbZDNSgMxFIXv+O9Ytbp1E7RSVzLjRjeC4Malgv0Bp5RMeqcGM5mQZIpl6NP4Hu7d6sq9C0F8BzNtQa1eSDh8J+FyTqwENzYIXr25+YXFpeWVVX+tsr6xWd2qNE2Wa4YNlolMt2NqUHCJDcutwLbSSNNYYCu+Oy/91gC14Zm8tkOFnZT2JU84o9ahbvW0VotSam/jpFCjOjklfhRjn8tCOar5/cjP61FEBuUV+hHK3rdTq3Wre8FhMB7yV4RTsQfTuexW36NexvIUpWWCGnMTBsp2CqotZwJHfpQbVJTd0T7eOClpiqZTjGOOyL4jPZJk2h1pyZj+/FHQ1JhhGruXZSQz65XwX68kyqb3M/ttctIpuFS5Rckm65NcEJuRsknS4xqZFUMnKNPcJSDslmrKrOvbd9WEs0X8Fc2jw9DpqwBWYAd24QBCOIYzuIBLaACDB3iCZ3jxHr0372NS4pw3bXMbfo33+QUmN6tu</latexit><latexit sha1_base64="SBBBO/nJeRvA2IOmjVeO7H8AZts=">AAACMXicbZDNSgMxFIXv+O9Ytbp1E7RSVzLjRjeC4Malgv0Bp5RMeqcGM5mQZIpl6NP4Hu7d6sq9C0F8BzNtQa1eSDh8J+FyTqwENzYIXr25+YXFpeWVVX+tsr6xWd2qNE2Wa4YNlolMt2NqUHCJDcutwLbSSNNYYCu+Oy/91gC14Zm8tkOFnZT2JU84o9ahbvW0VotSam/jpFCjOjklfhRjn8tCOar5/cjP61FEBuUV+hHK3rdTq3Wre8FhMB7yV4RTsQfTuexW36NexvIUpWWCGnMTBsp2CqotZwJHfpQbVJTd0T7eOClpiqZTjGOOyL4jPZJk2h1pyZj+/FHQ1JhhGruXZSQz65XwX68kyqb3M/ttctIpuFS5Rckm65NcEJuRsknS4xqZFUMnKNPcJSDslmrKrOvbd9WEs0X8Fc2jw9DpqwBWYAd24QBCOIYzuIBLaACDB3iCZ3jxHr0372NS4pw3bXMbfo33+QUmN6tu</latexit><latexit sha1_base64="1pEVtIvVusFoqbCFAac2L77fOE8="></latexit><latexit sha1_base64="Mx6rWjeaq56GS9Nx6UvAMHq16M8="></latexit><latexit sha1_base64="Mx6rWjeaq56GS9Nx6UvAMHq16M8="></latexit><latexit sha1_base64="Mx6rWjeaq56GS9Nx6UvAMHq16M8="></latexit><latexit sha1_base64="Mx6rWjeaq56GS9Nx6UvAMHq16M8="></latexit><latexit sha1_base64="Mx6rWjeaq56GS9Nx6UvAMHq16M8="></latexit><latexit sha1_base64="Mx6rWjeaq56GS9Nx6UvAMHq16M8="></latexit>



Caméras parallèles
• Lignes épipolaires horizontales
• Épipoles à l’infini

•

p p'

P

R=I, t=(tx,0,0) connusc1 c2

e e'

p =

0

@
u
v
1

1

A

<latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit><latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit><latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit><latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit>

p0 =

0

@
u0
v
1

1

A

<latexit sha1_base64="sFwLPc/hCFeEpZp64Ys+9CxVywg="></latexit>



Rectification d’image

H'Image de S. LazebnikH



Homographies H et H'
1. Trouver H' tel que e' = (f,0,1)⊤ soit envoyé à l’infini 

en (1,0,0)⊤⟹ 4 degrés de libertés
⟹ minimiser les distorsions (aussi rigide que possible)

2. Trouver H de la forme HAH'R
où F = [e'×] R minimisant :

⟹ linéaire, moindres carrées

HA =

0

@
a b c
0 1 0
0 0 1

1

A

<latexit sha1_base64="L9uzN/dTIoNrGpm9n19vJ/0PGXw="></latexit>

avec

transformation affineX

i

||HAH
0
Mxi �H

0
x
0
i||2

<latexit sha1_base64="xgXQ8mtrmq3gRxJYUORGZxrdGwk="></latexit>



Rectification d’image

H'Image de S. Lazebnik

⟹ simplifie la triangulation et la mise en correspondance

H



Estimation de la profondeur
Disparité inversement proportionnelle à z :

P

e e'

c1 c2

zp =

0

@
u
v
1

1

A

<latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit><latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit><latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit><latexit sha1_base64="AHFY+yggnAkGtaB/vrw4ZoNc9J8="></latexit>

p0 =

0

@
u0
v
1

1

A

<latexit sha1_base64="sFwLPc/hCFeEpZp64Ys+9CxVywg="></latexit>

B

d = u�u0 = f
B
z

<latexit sha1_base64="X0EviTrXlJER4/eFwqkzLIHRxl0=">AAACGnicbZC7TsMwFIadcivlVmDsYtEiWKiSgrgMSFVZGItEL1JbVY7jtFbtJLIdRIk68B7srPAKbIiVhTfgMXDSCEHhlyz/+s85OjqfHTAqlWl+GJm5+YXFpexybmV1bX0jv7nVlH4oMGlgn/mibSNJGPVIQ1HFSDsQBHGbkZY9uojrrRsiJPW9azUOSI+jgUddipHSUT9fKJUceA7Dg3BPf27XFQhHtUl0NymV+vmiWTYTwb/GSk0RpKr3859dx8chJ57CDEnZscxA9SIkFMWMTHLdUJIA4REakI62HuJE9qLkiAnc1YkDXV/o5ymYpD8nIsSlHHNbd3KkhnK2Fof/1uIkUPx2Zr9yT3sR9YJQEQ9P17shg8qHMSfoUEGwYmNtEBZUXwDxEGk6StPMJWjOYh1/g/hrmpWydVg+uqoUq7UUUhYUwA7YBxY4AVVwCeqgATC4B4/gCTwbD8aL8Wq8TVszRjqzDX7JeP8Cx9ifkw==</latexit>

f



Carte de disparité / profondeur

u u'

d d = u�u0 = f
B
z

<latexit sha1_base64="X0EviTrXlJER4/eFwqkzLIHRxl0=">AAACGnicbZC7TsMwFIadcivlVmDsYtEiWKiSgrgMSFVZGItEL1JbVY7jtFbtJLIdRIk68B7srPAKbIiVhTfgMXDSCEHhlyz/+s85OjqfHTAqlWl+GJm5+YXFpexybmV1bX0jv7nVlH4oMGlgn/mibSNJGPVIQ1HFSDsQBHGbkZY9uojrrRsiJPW9azUOSI+jgUddipHSUT9fKJUceA7Dg3BPf27XFQhHtUl0NymV+vmiWTYTwb/GSk0RpKr3859dx8chJ57CDEnZscxA9SIkFMWMTHLdUJIA4REakI62HuJE9qLkiAnc1YkDXV/o5ymYpD8nIsSlHHNbd3KkhnK2Fof/1uIkUPx2Zr9yT3sR9YJQEQ9P17shg8qHMSfoUEGwYmNtEBZUXwDxEGk6StPMJWjOYh1/g/hrmpWydVg+uqoUq7UUUhYUwA7YBxY4AVVwCeqgATC4B4/gCTwbD8aL8Wq8TVszRjqzDX7JeP8Cx9ifkw==</latexit>



Mise en correspondance

p p'



Chaîne de traitement
1. Calibration des caméras 

2. Détection des blobs

3. Mise en correspondance entre les vues

4. Reconstruction des positions 3D

5. Ajustement d’une constellation rigide

6. Estimation de la pose de a constellation
(position et orientation)



Ajustement d’un modèle rigide
1. Pré-calcul des distances inter-marqueurs en 3D

de chaque constellation

⟹ distances pour N marqueurs

2. À chaque nouvelle image :
• calcul des distances entre chaque 

pair de marqueurs
• sélection de la constellation 

la plus probable 

N!
2(N �2)!

<latexit sha1_base64="Tmo+iK36vni//ZauWlC8DEfzP2I=">AAACFXicbZC7TsMwFIadcivlFkBiYUlpkMpAlWSBsYKFqSoSvUhtVDmu01q1k8h2EFXIc7CzwiuwIVZm3oDHwGkzQMsvWfr1n3N0jj8vokRIy/rSCiura+sbxc3S1vbO7p6+f9AWYcwRbqGQhrzrQYEpCXBLEklxN+IYMo/ijje5zuqde8wFCYM7OY2wy+AoID5BUKpooB+ZZt/nECWNcpo41ca5c1ZOTXOgV6yaNZOxbOzcVECu5kD/7g9DFDMcSEShED3biqSbQC4Jojgt9WOBI4gmcIR7ygaQYeEms/tT41QlQ8MPuXqBNGbp74kEMiGmzFOdDMqxWKxl4b+1LIkke1jYL/1LNyFBFEscoPl6P6aGDI0MkTEkHCNJp8pAxIn6gYHGUEGSCmRJobEXQSybtlOzlb91KvWrHFIRHIMTUAU2uAB1cAOaoAUQeATP4AW8ak/am/aufcxbC1o+cwj+SPv8AauynSs=</latexit><latexit sha1_base64="Tmo+iK36vni//ZauWlC8DEfzP2I=">AAACFXicbZC7TsMwFIadcivlFkBiYUlpkMpAlWSBsYKFqSoSvUhtVDmu01q1k8h2EFXIc7CzwiuwIVZm3oDHwGkzQMsvWfr1n3N0jj8vokRIy/rSCiura+sbxc3S1vbO7p6+f9AWYcwRbqGQhrzrQYEpCXBLEklxN+IYMo/ijje5zuqde8wFCYM7OY2wy+AoID5BUKpooB+ZZt/nECWNcpo41ca5c1ZOTXOgV6yaNZOxbOzcVECu5kD/7g9DFDMcSEShED3biqSbQC4Jojgt9WOBI4gmcIR7ygaQYeEms/tT41QlQ8MPuXqBNGbp74kEMiGmzFOdDMqxWKxl4b+1LIkke1jYL/1LNyFBFEscoPl6P6aGDI0MkTEkHCNJp8pAxIn6gYHGUEGSCmRJobEXQSybtlOzlb91KvWrHFIRHIMTUAU2uAB1cAOaoAUQeATP4AW8ak/am/aufcxbC1o+cwj+SPv8AauynSs=</latexit><latexit sha1_base64="Tmo+iK36vni//ZauWlC8DEfzP2I=">AAACFXicbZC7TsMwFIadcivlFkBiYUlpkMpAlWSBsYKFqSoSvUhtVDmu01q1k8h2EFXIc7CzwiuwIVZm3oDHwGkzQMsvWfr1n3N0jj8vokRIy/rSCiura+sbxc3S1vbO7p6+f9AWYcwRbqGQhrzrQYEpCXBLEklxN+IYMo/ijje5zuqde8wFCYM7OY2wy+AoID5BUKpooB+ZZt/nECWNcpo41ca5c1ZOTXOgV6yaNZOxbOzcVECu5kD/7g9DFDMcSEShED3biqSbQC4Jojgt9WOBI4gmcIR7ygaQYeEms/tT41QlQ8MPuXqBNGbp74kEMiGmzFOdDMqxWKxl4b+1LIkke1jYL/1LNyFBFEscoPl6P6aGDI0MkTEkHCNJp8pAxIn6gYHGUEGSCmRJobEXQSybtlOzlb91KvWrHFIRHIMTUAU2uAB1cAOaoAUQeATP4AW8ak/am/aufcxbC1o+cwj+SPv8AauynSs=</latexit><latexit sha1_base64="QAqPpnA4bxhKUzuvN6IPGYerzxs=">AAAB73icbZDNSgMxFIXv+FvHqnXtJlgEV2XGjS4FNy4r2B9oh5LJZNrQJDMkd8Qy1Adw6yu4Ex/IN/AxzLRdaOuBwMc5CffmxLkUFoPgy9va3tnd268d+Id1/+j4pFHv2qwwjHdYJjPTj6nlUmjeQYGS93PDqYol78XTuyrvPXFjRaYfcZbzSNGxFqlgFJ3VHjWaQStYiGxCuIImrDRqfA+TjBWKa2SSWjsIgxyjkhoUTPK5Pywszymb0jEfONRUcRuVizXn5MI5CUkz445GsnB/vyipsnamYndTUZzY9awy/80qJ0f1vDYf05uoFDovkGu2HJ8WkmBGqiZIIgxnKGcOKDPC/YCwCTWUoevLd82E6z1sQveqFTp+CKAGZ3AOlxDCNdzCPbShAwwSeIU378V79z6WDW55qypP4Y+8zx9xgpOQ</latexit><latexit sha1_base64="e4u44CmK5sgg5Evp287ph+KIqFc=">AAACCnicbZC9TsMwFIVvyl8pBQIDC0ugQSoDVdIFRiQWpqpI9Edqo8pxndaq40S2g6hCnoOdFV6BDfEOvAGPgdN2gJYjWTo6x9a9/vyYUakc58sorK1vbG4Vt0s75d29ffOg3JZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP7nJ+84DEZJG/F5NY+KFaMRpQDFSOhqYR7bdDwTCaeMkS+vVxkX9/CSz7YFZcWrOTNaqcRemAgs1B+Z3fxjhJCRcYYak7LlOrLwUCUUxI1mpn0gSIzxBI9LTlqOQSC+d7Z9ZZzoZWkEk9OHKmqW/X6QolHIa+vpmiNRYLnd5+G+XJ7EKH5fmq+DKSymPE0U4no8PEmapyMoRWUMqCFZsqg3CguofWHiMNCSlQZY0GncZxKpp12uu9ncOFOEYTqEKLlzCNdxCE1qA4Qle4BXejGfj3fiYQywYC5qH8EfG5w/qgJut</latexit><latexit sha1_base64="e4u44CmK5sgg5Evp287ph+KIqFc=">AAACCnicbZC9TsMwFIVvyl8pBQIDC0ugQSoDVdIFRiQWpqpI9Edqo8pxndaq40S2g6hCnoOdFV6BDfEOvAGPgdN2gJYjWTo6x9a9/vyYUakc58sorK1vbG4Vt0s75d29ffOg3JZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP7nJ+84DEZJG/F5NY+KFaMRpQDFSOhqYR7bdDwTCaeMkS+vVxkX9/CSz7YFZcWrOTNaqcRemAgs1B+Z3fxjhJCRcYYak7LlOrLwUCUUxI1mpn0gSIzxBI9LTlqOQSC+d7Z9ZZzoZWkEk9OHKmqW/X6QolHIa+vpmiNRYLnd5+G+XJ7EKH5fmq+DKSymPE0U4no8PEmapyMoRWUMqCFZsqg3CguofWHiMNCSlQZY0GncZxKpp12uu9ncOFOEYTqEKLlzCNdxCE1qA4Qle4BXejGfj3fiYQywYC5qH8EfG5w/qgJut</latexit><latexit sha1_base64="fkcpwq2R1Hht9B19fYX8UZ2CcCE=">AAACFXicbZC7TsMwFIadcivlFkBiYUlpkMpAlXSBsYKFqSoSvUhtVDmu01q1nch2EFXIc7CzwiuwIVZm3oDHwGk7QMsvWfr1n3N0jj8/okQqx/kyciura+sb+c3C1vbO7p65f9CSYSwQbqKQhqLjQ4kp4bipiKK4EwkMmU9x2x9fZ/X2PRaShPxOTSLsMTjkJCAIKh31zSPb7gUCoqReTJNquX5ePSumtt03S07FmcpaNu7clMBcjb753RuEKGaYK0ShlF3XiZSXQKEIojgt9GKJI4jGcIi72nLIsPSS6f2pdaqTgRWEQj+urGn6eyKBTMoJ83Ung2okF2tZ+G8tSyLFHhb2q+DSSwiPYoU5mq0PYmqp0MoQWQMiMFJ0og1EgugfWGgENSSlQRY0GncRxLJpVSuu9rdOqXY1h5QHx+AElIELLkAN3IAGaAIEHsEzeAGvxpPxZrwbH7PWnDGfOQR/ZHz+AKsSnSk=</latexit><latexit sha1_base64="Tmo+iK36vni//ZauWlC8DEfzP2I=">AAACFXicbZC7TsMwFIadcivlFkBiYUlpkMpAlWSBsYKFqSoSvUhtVDmu01q1k8h2EFXIc7CzwiuwIVZm3oDHwGkzQMsvWfr1n3N0jj8vokRIy/rSCiura+sbxc3S1vbO7p6+f9AWYcwRbqGQhrzrQYEpCXBLEklxN+IYMo/ijje5zuqde8wFCYM7OY2wy+AoID5BUKpooB+ZZt/nECWNcpo41ca5c1ZOTXOgV6yaNZOxbOzcVECu5kD/7g9DFDMcSEShED3biqSbQC4Jojgt9WOBI4gmcIR7ygaQYeEms/tT41QlQ8MPuXqBNGbp74kEMiGmzFOdDMqxWKxl4b+1LIkke1jYL/1LNyFBFEscoPl6P6aGDI0MkTEkHCNJp8pAxIn6gYHGUEGSCmRJobEXQSybtlOzlb91KvWrHFIRHIMTUAU2uAB1cAOaoAUQeATP4AW8ak/am/aufcxbC1o+cwj+SPv8AauynSs=</latexit><latexit sha1_base64="Tmo+iK36vni//ZauWlC8DEfzP2I=">AAACFXicbZC7TsMwFIadcivlFkBiYUlpkMpAlWSBsYKFqSoSvUhtVDmu01q1k8h2EFXIc7CzwiuwIVZm3oDHwGkzQMsvWfr1n3N0jj8vokRIy/rSCiura+sbxc3S1vbO7p6+f9AWYcwRbqGQhrzrQYEpCXBLEklxN+IYMo/ijje5zuqde8wFCYM7OY2wy+AoID5BUKpooB+ZZt/nECWNcpo41ca5c1ZOTXOgV6yaNZOxbOzcVECu5kD/7g9DFDMcSEShED3biqSbQC4Jojgt9WOBI4gmcIR7ygaQYeEms/tT41QlQ8MPuXqBNGbp74kEMiGmzFOdDMqxWKxl4b+1LIkke1jYL/1LNyFBFEscoPl6P6aGDI0MkTEkHCNJp8pAxIn6gYHGUEGSCmRJobEXQSybtlOzlb91KvWrHFIRHIMTUAU2uAB1cAOaoAUQeATP4AW8ak/am/aufcxbC1o+cwj+SPv8AauynSs=</latexit><latexit sha1_base64="Tmo+iK36vni//ZauWlC8DEfzP2I=">AAACFXicbZC7TsMwFIadcivlFkBiYUlpkMpAlWSBsYKFqSoSvUhtVDmu01q1k8h2EFXIc7CzwiuwIVZm3oDHwGkzQMsvWfr1n3N0jj8vokRIy/rSCiura+sbxc3S1vbO7p6+f9AWYcwRbqGQhrzrQYEpCXBLEklxN+IYMo/ijje5zuqde8wFCYM7OY2wy+AoID5BUKpooB+ZZt/nECWNcpo41ca5c1ZOTXOgV6yaNZOxbOzcVECu5kD/7g9DFDMcSEShED3biqSbQC4Jojgt9WOBI4gmcIR7ygaQYeEms/tT41QlQ8MPuXqBNGbp74kEMiGmzFOdDMqxWKxl4b+1LIkke1jYL/1LNyFBFEscoPl6P6aGDI0MkTEkHCNJp8pAxIn6gYHGUEGSCmRJobEXQSybtlOzlb91KvWrHFIRHIMTUAU2uAB1cAOaoAUQeATP4AW8ak/am/aufcxbC1o+cwj+SPv8AauynSs=</latexit><latexit sha1_base64="Tmo+iK36vni//ZauWlC8DEfzP2I=">AAACFXicbZC7TsMwFIadcivlFkBiYUlpkMpAlWSBsYKFqSoSvUhtVDmu01q1k8h2EFXIc7CzwiuwIVZm3oDHwGkzQMsvWfr1n3N0jj8vokRIy/rSCiura+sbxc3S1vbO7p6+f9AWYcwRbqGQhrzrQYEpCXBLEklxN+IYMo/ijje5zuqde8wFCYM7OY2wy+AoID5BUKpooB+ZZt/nECWNcpo41ca5c1ZOTXOgV6yaNZOxbOzcVECu5kD/7g9DFDMcSEShED3biqSbQC4Jojgt9WOBI4gmcIR7ygaQYeEms/tT41QlQ8MPuXqBNGbp74kEMiGmzFOdDMqxWKxl4b+1LIkke1jYL/1LNyFBFEscoPl6P6aGDI0MkTEkHCNJp8pAxIn6gYHGUEGSCmRJobEXQSybtlOzlb91KvWrHFIRHIMTUAU2uAB1cAOaoAUQeATP4AW8ak/am/aufcxbC1o+cwj+SPv8AauynSs=</latexit><latexit sha1_base64="Tmo+iK36vni//ZauWlC8DEfzP2I=">AAACFXicbZC7TsMwFIadcivlFkBiYUlpkMpAlWSBsYKFqSoSvUhtVDmu01q1k8h2EFXIc7CzwiuwIVZm3oDHwGkzQMsvWfr1n3N0jj8vokRIy/rSCiura+sbxc3S1vbO7p6+f9AWYcwRbqGQhrzrQYEpCXBLEklxN+IYMo/ijje5zuqde8wFCYM7OY2wy+AoID5BUKpooB+ZZt/nECWNcpo41ca5c1ZOTXOgV6yaNZOxbOzcVECu5kD/7g9DFDMcSEShED3biqSbQC4Jojgt9WOBI4gmcIR7ygaQYeEms/tT41QlQ8MPuXqBNGbp74kEMiGmzFOdDMqxWKxl4b+1LIkke1jYL/1LNyFBFEscoPl6P6aGDI0MkTEkHCNJp8pAxIn6gYHGUEGSCmRJobEXQSybtlOzlb91KvWrHFIRHIMTUAU2uAB1cAOaoAUQeATP4AW8ak/am/aufcxbC1o+cwj+SPv8AauynSs=</latexit><latexit sha1_base64="Tmo+iK36vni//ZauWlC8DEfzP2I=">AAACFXicbZC7TsMwFIadcivlFkBiYUlpkMpAlWSBsYKFqSoSvUhtVDmu01q1k8h2EFXIc7CzwiuwIVZm3oDHwGkzQMsvWfr1n3N0jj8vokRIy/rSCiura+sbxc3S1vbO7p6+f9AWYcwRbqGQhrzrQYEpCXBLEklxN+IYMo/ijje5zuqde8wFCYM7OY2wy+AoID5BUKpooB+ZZt/nECWNcpo41ca5c1ZOTXOgV6yaNZOxbOzcVECu5kD/7g9DFDMcSEShED3biqSbQC4Jojgt9WOBI4gmcIR7ygaQYeEms/tT41QlQ8MPuXqBNGbp74kEMiGmzFOdDMqxWKxl4b+1LIkke1jYL/1LNyFBFEscoPl6P6aGDI0MkTEkHCNJp8pAxIn6gYHGUEGSCmRJobEXQSybtlOzlb91KvWrHFIRHIMTUAU2uAB1cAOaoAUQeATP4AW8ak/am/aufcxbC1o+cwj+SPv8AauynSs=</latexit>



Estimation de la pose
⟹ estimer R et t par alignement 3D



Systèmes optiques
Avantages :
✓ liberté de mouvement, grandes zones de suivi
✓précision sous-millimétrique
✓marqueurs actifs : pas d’ambiguïté entre les marqueurs
✓marqueurs passifs : ajout de marqueurs faciles

Inconvénients :
✗occlusions
✗cher (~10k€)
✗calibration
✗marqueurs actifs :  nombre de marqueurs limité
✗marqueurs passifs :  ambiguïté entre les marqueurs



HTC Vive Lighthouse
2 stations de base :

• 2 lignes laser IR par station (vertical et horizontal)
en rotation à 60 Hz (déphasées)

• 1 flash IR de synchronisation à 120Hz

Photodiodes sur le casque et les manettes
mesure du temps à la réception
(time of arrival / flight)



HTC Vive Lighthouse

https://www.youtube.com/watch?v=avBt_P0wg_Y

https://www.youtube.com/watch%3Fv=avBt_P0wg_Y


HTC Vive Lighthouse

https://www.youtube.com/watch?v=J54dotTt7k0

https://www.youtube.com/watch%3Fv=J54dotTt7k0


Calcul des positions
Au flash, laser 1 à 90° horizontalement

laser 2 à -90° verticalement
Rotation de 360° en 1/60ème de seconde
Photodiode mesure       depuis le flash

0°
Vue du dessus

90°x
z

0°

Vue de côté

-90°

y

z

Dt
<latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="p9iBOnyFqHDTWr9OMD4fS/6o0KE=">AAAB73icbZDNSgMxFIXv+FvHqnXtJlgEV2XGjS4FNy4r2B9oh5LJZNrQJDMkd8Qy1Adw6yu4Ex/IN/AxzLRdaOuBwOGchHvzxbkUFoPgy9va3tnd268d+Id1/+j4pFHv2qwwjHdYJjPTj6nlUmjeQYGS93PDqYol78XTu6rvPXFjRaYfcZbzSNGxFqlgFF3UHjWaQStYiGyacGWasNKo8T1MMlYorpFJau0gDHKMSmpQMMnn/rCwPKdsSsd84KymituoXKw5JxcuSUiaGXc0kkX6+0VJlbUzFbubiuLErndV+G9XJTmq57X5mN5EpdB5gVyz5fi0kAQzUpEgiTCcoZw5Q5kR7geETaihDB0v35EJ1zlsmu5VKwxa4UMANTiDc7iEEK7hFu6hDR1gkMArvHkv3rv3sSS45a1QnsIfeZ8/cYCTkA==</latexit><latexit sha1_base64="L3Y4uafQBVEezLRM+t+X43+FsIo=">AAAB/nicbZC9TsMwFIVvyl8pBQori0WDxFQlLDAiwcBYJPojtVHluE5r1U4i+wZRRX0CdlZ4BTbEm/AGPAZO2wFajmTp6Bxb9/oLUykMet6XU9rY3NreKe9W9qr7B4e1o2rbJJlmvMUSmehuSA2XIuYtFCh5N9WcqlDyTji5KfrOI9dGJPEDTlMeKDqKRSQYRRv1Xbd/yyVSgq47qNW9hjcXWTf+0tRhqeag9t0fJixTPEYmqTE930sxyKlGwSSfVfqZ4SllEzriPWtjqrgJ8vnOM3JmkyGJEm1PjGSe/n6RU2XMVIX2pqI4NqtdEf7bFUmK6mllPkZXQS7iNEMes8X4KJMEE1JgIUOhOUM5tYYyLewPCBtTTRlaeBWLxl8FsW7aFw3fa/j3HpThBE7hHHy4hGu4gya0gEEKL/AKb86z8+58LCCWnCXNY/gj5/MHbQGYVg==</latexit><latexit sha1_base64="L3Y4uafQBVEezLRM+t+X43+FsIo=">AAAB/nicbZC9TsMwFIVvyl8pBQori0WDxFQlLDAiwcBYJPojtVHluE5r1U4i+wZRRX0CdlZ4BTbEm/AGPAZO2wFajmTp6Bxb9/oLUykMet6XU9rY3NreKe9W9qr7B4e1o2rbJJlmvMUSmehuSA2XIuYtFCh5N9WcqlDyTji5KfrOI9dGJPEDTlMeKDqKRSQYRRv1Xbd/yyVSgq47qNW9hjcXWTf+0tRhqeag9t0fJixTPEYmqTE930sxyKlGwSSfVfqZ4SllEzriPWtjqrgJ8vnOM3JmkyGJEm1PjGSe/n6RU2XMVIX2pqI4NqtdEf7bFUmK6mllPkZXQS7iNEMes8X4KJMEE1JgIUOhOUM5tYYyLewPCBtTTRlaeBWLxl8FsW7aFw3fa/j3HpThBE7hHHy4hGu4gya0gEEKL/AKb86z8+58LCCWnCXNY/gj5/MHbQGYVg==</latexit><latexit sha1_base64="4NAiFnwZOVjGvzl1fvSROB+9Np0=">AAACCXicbVDLTsMwEHR4lvIqcORi0SBxqhIucKyAA8ci0YfURJXjOq1V24nsDaKq+gXcucIvcENc+Qr+gM/AaXOAlpFWGs3sancnSgU34Hlfzsrq2vrGZmmrvL2zu7dfOThsmSTTlDVpIhLdiYhhgivWBA6CdVLNiIwEa0ej69xvPzBteKLuYZyyUJKB4jGnBKwUuG5wwwQQDK7bq1S9mjcDXiZ+QaqoQKNX+Q76Cc0kU0AFMabreymEE6KBU8Gm5SAzLCV0RAasa6kikplwMrt5ik+t0sdxom0pwDP198SESGPGMrKdksDQLHq5+K+XKynIx4X9EF+GE67SDJii8/VxJjAkOI8F97lmFMTYEkI1tx9gOiSaULDhlW00/mIQy6R1XvO9mn/nVetXRUgldIxO0Bny0QWqo1vUQE1EUYqe0Qt6dZ6cN+fd+Zi3rjjFzBH6A+fzBwp6mcY=</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit>



Calcul des positions
Conversion du temps à la réception en angle 𝛼 :

puis en position relative p
sur le plan à distance unitaire :

0°
Vue du dessus

90°x
z

px

Px

1

𝛼h

av[°] = 90[°]+
Dtv[s]
1/60

360
⇥ s

°
⇤

<latexit sha1_base64="Ug6Pe/1tzqSLCKFkmmAtoyzAmjQ="></latexit><latexit sha1_base64="Ug6Pe/1tzqSLCKFkmmAtoyzAmjQ="></latexit><latexit sha1_base64="Ug6Pe/1tzqSLCKFkmmAtoyzAmjQ="></latexit><latexit sha1_base64="Ug6Pe/1tzqSLCKFkmmAtoyzAmjQ="></latexit>

ah[°] = 90[°]� Dth[s]
1/60

360
⇥ s

°
⇤

<latexit sha1_base64="THEcybhEurX7kXblKDE2dAkcmiw="></latexit><latexit sha1_base64="THEcybhEurX7kXblKDE2dAkcmiw="></latexit><latexit sha1_base64="THEcybhEurX7kXblKDE2dAkcmiw="></latexit><latexit sha1_base64="THEcybhEurX7kXblKDE2dAkcmiw="></latexit>

px/y = tan
✓ah/v[°]

360[°]
2p[rad]

◆

<latexit sha1_base64="I03mC12IkkNqBUTMtYrBJiigTOM="></latexit><latexit sha1_base64="I03mC12IkkNqBUTMtYrBJiigTOM="></latexit><latexit sha1_base64="I03mC12IkkNqBUTMtYrBJiigTOM="></latexit><latexit sha1_base64="I03mC12IkkNqBUTMtYrBJiigTOM="></latexit>

Dt
<latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="p9iBOnyFqHDTWr9OMD4fS/6o0KE=">AAAB73icbZDNSgMxFIXv+FvHqnXtJlgEV2XGjS4FNy4r2B9oh5LJZNrQJDMkd8Qy1Adw6yu4Ex/IN/AxzLRdaOuBwOGchHvzxbkUFoPgy9va3tnd268d+Id1/+j4pFHv2qwwjHdYJjPTj6nlUmjeQYGS93PDqYol78XTu6rvPXFjRaYfcZbzSNGxFqlgFF3UHjWaQStYiGyacGWasNKo8T1MMlYorpFJau0gDHKMSmpQMMnn/rCwPKdsSsd84KymituoXKw5JxcuSUiaGXc0kkX6+0VJlbUzFbubiuLErndV+G9XJTmq57X5mN5EpdB5gVyz5fi0kAQzUpEgiTCcoZw5Q5kR7geETaihDB0v35EJ1zlsmu5VKwxa4UMANTiDc7iEEK7hFu6hDR1gkMArvHkv3rv3sSS45a1QnsIfeZ8/cYCTkA==</latexit><latexit sha1_base64="L3Y4uafQBVEezLRM+t+X43+FsIo=">AAAB/nicbZC9TsMwFIVvyl8pBQori0WDxFQlLDAiwcBYJPojtVHluE5r1U4i+wZRRX0CdlZ4BTbEm/AGPAZO2wFajmTp6Bxb9/oLUykMet6XU9rY3NreKe9W9qr7B4e1o2rbJJlmvMUSmehuSA2XIuYtFCh5N9WcqlDyTji5KfrOI9dGJPEDTlMeKDqKRSQYRRv1Xbd/yyVSgq47qNW9hjcXWTf+0tRhqeag9t0fJixTPEYmqTE930sxyKlGwSSfVfqZ4SllEzriPWtjqrgJ8vnOM3JmkyGJEm1PjGSe/n6RU2XMVIX2pqI4NqtdEf7bFUmK6mllPkZXQS7iNEMes8X4KJMEE1JgIUOhOUM5tYYyLewPCBtTTRlaeBWLxl8FsW7aFw3fa/j3HpThBE7hHHy4hGu4gya0gEEKL/AKb86z8+58LCCWnCXNY/gj5/MHbQGYVg==</latexit><latexit sha1_base64="L3Y4uafQBVEezLRM+t+X43+FsIo=">AAAB/nicbZC9TsMwFIVvyl8pBQori0WDxFQlLDAiwcBYJPojtVHluE5r1U4i+wZRRX0CdlZ4BTbEm/AGPAZO2wFajmTp6Bxb9/oLUykMet6XU9rY3NreKe9W9qr7B4e1o2rbJJlmvMUSmehuSA2XIuYtFCh5N9WcqlDyTji5KfrOI9dGJPEDTlMeKDqKRSQYRRv1Xbd/yyVSgq47qNW9hjcXWTf+0tRhqeag9t0fJixTPEYmqTE930sxyKlGwSSfVfqZ4SllEzriPWtjqrgJ8vnOM3JmkyGJEm1PjGSe/n6RU2XMVIX2pqI4NqtdEf7bFUmK6mllPkZXQS7iNEMes8X4KJMEE1JgIUOhOUM5tYYyLewPCBtTTRlaeBWLxl8FsW7aFw3fa/j3HpThBE7hHHy4hGu4gya0gEEKL/AKb86z8+58LCCWnCXNY/gj5/MHbQGYVg==</latexit><latexit sha1_base64="4NAiFnwZOVjGvzl1fvSROB+9Np0=">AAACCXicbVDLTsMwEHR4lvIqcORi0SBxqhIucKyAA8ci0YfURJXjOq1V24nsDaKq+gXcucIvcENc+Qr+gM/AaXOAlpFWGs3sancnSgU34Hlfzsrq2vrGZmmrvL2zu7dfOThsmSTTlDVpIhLdiYhhgivWBA6CdVLNiIwEa0ej69xvPzBteKLuYZyyUJKB4jGnBKwUuG5wwwQQDK7bq1S9mjcDXiZ+QaqoQKNX+Q76Cc0kU0AFMabreymEE6KBU8Gm5SAzLCV0RAasa6kikplwMrt5ik+t0sdxom0pwDP198SESGPGMrKdksDQLHq5+K+XKynIx4X9EF+GE67SDJii8/VxJjAkOI8F97lmFMTYEkI1tx9gOiSaULDhlW00/mIQy6R1XvO9mn/nVetXRUgldIxO0Bny0QWqo1vUQE1EUYqe0Qt6dZ6cN+fd+Zi3rjjFzBH6A+fzBwp6mcY=</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit><latexit sha1_base64="Mkvx8z0Lp0wG52CkTIsHN0M3nyw=">AAACCXicbVC7TsNAEDyHVwivACXNiRiJKrLTQBkBBWWQyEOKreh8OSennO3T3RoRWfkCelr4BTpEy1fwB3wG58QFJIy00mhmV7s7gRRcg+N8WaW19Y3NrfJ2ZWd3b/+genjU0UmqKGvTRCSqFxDNBI9ZGzgI1pOKkSgQrBtMrnO/+8CU5kl8D1PJ/IiMYh5ySsBInm17N0wAwWDbg2rNqTtz4FXiFqSGCrQG1W9vmNA0YjFQQbTuu44EPyMKOBVsVvFSzSShEzJifUNjEjHtZ/ObZ/jMKEMcJspUDHiu/p7ISKT1NApMZ0RgrJe9XPzXyxUJ0ePSfggv/YzHMgUW08X6MBUYEpzHgodcMQpiagihipsPMB0TRSiY8ComGnc5iFXSadRdp+7eNWrNqyKkMjpBp+gcuegCNdEtaqE2okiiZ/SCXq0n6816tz4WrSWrmDlGf2B9/gALGpnI</latexit>



Steam VR Lighthouse
Suivi optique + IMU

• Très faible latence : 1ms max. pour le casque, 
2.7ms pour les manettes

• Très grande précision : 0.3mm en latéral, 2.1mm en z

http://doc-ok.org/?p=1478

http://doc-ok.org/%3Fp=1478


Inside-Out tracking
Capteur embarqué sur l’objet suivi
Essentiellement des systèmes optiques

• basés marqueurs
• utilisant des caractéristiques naturelles de l’image

(coins, contours…)
• avec capteur de profondeur

131https://xinreality.com/wiki/Inside-out_tracking

https://goo.gl/dFH1Js

https://xinreality.com/wiki/Inside-out_tracking
https://goo.gl/dFH1Js


Inside-Out tracking
Nécessite de cartographier l’environnement

Visual Odometry (VO)
⊃ Simultaneous Localization And Mapping (SLAM)
⊃ Structure from Motion (SfM)

Hans Moraveck
(NASA/JPL) 



Visual Odometry
Calcul incrémental de la trajectoire de la caméra 
(pose après pose)

• accès séquentiel aux images
• pas d’optimisation globale ⟹ risque de dérive
• en temps-réel

Visual Odometry Visual SLAM

[Clemente et al. 2007]



Visual Odometry
Image sequence

Feature detection

Feature matching (tracking)

Motion estimation

2D-2D 3D-3D 3D-2D

Local optimization

Scaramuzza, D. &, Fraundorfer, F., Visual Odometry
http://rpg.ifi.uzh.ch/docs/VO_Part_I_Scaramuzza.pdf
http://rpg.ifi.uzh.ch/docs/VO_Part_II_Scaramuzza.pdf

http://rpg.ifi.uzh.ch/docs/VO_Part_I_Scaramuzza.pdf
http://rpg.ifi.uzh.ch/docs/VO_Part_II_Scaramuzza.pdf

