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Arborescence:
¥ division for each  

 selected clusters if 
 insertion requirement  
 is met

Introduction

➡Algorithm for concurrent track recognition and reconstruction

TOE: Tracking Of Ejectiles

Pattern recognition and event reconstruction in particle physics experiment,  Mankel R., Rep. Prog. Phys. 67, 2004

Stepper:
¥ propagation of state from  

 plane to plane

Kalman Filter:
¥ combination of propagated  

 state and measurements
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Kalman Filter

¥ Kalman Þlter principle :

Reconstruction

Propagated state vector:

Propagated covariance:
Pk|k�1

<latexit sha1_base64="u7N/HcUlYGtvA+89Owap1CJGvms=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwR4LXjxWsB/YhrLZbtqlm03YnQgl9l948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqHicJ9yM6VCIUjKKVHhr9bPxExhfetF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn84ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjU/EypJkSu2WBSmkmBMZu+TgdCcoZxYQpkW9lbCRlRThjakkg3BW355lbQuq55b9e6uKvVaHkcRTuAUzsGDa6jDLTSgCQwUPMMrvDnGeXHenY9Fa8HJZ47hD5zPH8q4kEs=</latexit><latexit sha1_base64="u7N/HcUlYGtvA+89Owap1CJGvms=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwR4LXjxWsB/YhrLZbtqlm03YnQgl9l948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqHicJ9yM6VCIUjKKVHhr9bPxExhfetF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn84ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjU/EypJkSu2WBSmkmBMZu+TgdCcoZxYQpkW9lbCRlRThjakkg3BW355lbQuq55b9e6uKvVaHkcRTuAUzsGDa6jDLTSgCQwUPMMrvDnGeXHenY9Fa8HJZ47hD5zPH8q4kEs=</latexit><latexit sha1_base64="u7N/HcUlYGtvA+89Owap1CJGvms=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwR4LXjxWsB/YhrLZbtqlm03YnQgl9l948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqHicJ9yM6VCIUjKKVHhr9bPxExhfetF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn84ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjU/EypJkSu2WBSmkmBMZu+TgdCcoZxYQpkW9lbCRlRThjakkg3BW355lbQuq55b9e6uKvVaHkcRTuAUzsGDa6jDLTSgCQwUPMMrvDnGeXHenY9Fa8HJZ47hD5zPH8q4kEs=</latexit><latexit sha1_base64="u7N/HcUlYGtvA+89Owap1CJGvms=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwR4LXjxWsB/YhrLZbtqlm03YnQgl9l948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqHicJ9yM6VCIUjKKVHhr9bPxExhfetF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn84ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjU/EypJkSu2WBSmkmBMZu+TgdCcoZxYQpkW9lbCRlRThjakkg3BW355lbQuq55b9e6uKvVaHkcRTuAUzsGDa6jDLTSgCQwUPMMrvDnGeXHenY9Fa8HJZ47hD5zPH8q4kEs=</latexit>

x̂k|k�1 = f(x̂k�1|k�1)
<latexit sha1_base64="d4Xdt9yl8Y9hyRrzBeiPDfJokR4=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BR6qJlIoLdCAU3LivYC7TDkEkzbZjMhSQjlrFv4MZXceNCEbdu3fk2ptMBtfWHwM93zuHk/G7MmVSW9WUUlpZXVteK66WNza3tHXN3ry2jRBDaIhGPRNfFknIW0pZiitNuLCgOXE47rn85rXduqZAsCm/UOKZ2gIch8xjBSiPHPO6PsErvJk7q3/tVNIEX0Kv8sCrK6Iljlq2alQkuGpSbMsjVdMzP/iAiSUBDRTiWsoesWNkpFooRTielfiJpjImPh7SnbYgDKu00u2cCjzQZQC8S+oUKZvT3RIoDKceBqzsDrEZyvjaF/9V6ifLqdsrCOFE0JLNFXsKhiuA0HDhgghLFx9pgIpj+KyQjLDBROsKSDgHNn7xo2qc1ZNXQ9Vm5Uc/jKIIDcAgqAIFz0ABXoAlagIAH8ARewKvxaDwbb8b7rLVg5DP74I+Mj2/OopvP</latexit><latexit sha1_base64="d4Xdt9yl8Y9hyRrzBeiPDfJokR4=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BR6qJlIoLdCAU3LivYC7TDkEkzbZjMhSQjlrFv4MZXceNCEbdu3fk2ptMBtfWHwM93zuHk/G7MmVSW9WUUlpZXVteK66WNza3tHXN3ry2jRBDaIhGPRNfFknIW0pZiitNuLCgOXE47rn85rXduqZAsCm/UOKZ2gIch8xjBSiPHPO6PsErvJk7q3/tVNIEX0Kv8sCrK6Iljlq2alQkuGpSbMsjVdMzP/iAiSUBDRTiWsoesWNkpFooRTielfiJpjImPh7SnbYgDKu00u2cCjzQZQC8S+oUKZvT3RIoDKceBqzsDrEZyvjaF/9V6ifLqdsrCOFE0JLNFXsKhiuA0HDhgghLFx9pgIpj+KyQjLDBROsKSDgHNn7xo2qc1ZNXQ9Vm5Uc/jKIIDcAgqAIFz0ABXoAlagIAH8ARewKvxaDwbb8b7rLVg5DP74I+Mj2/OopvP</latexit><latexit sha1_base64="d4Xdt9yl8Y9hyRrzBeiPDfJokR4=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BR6qJlIoLdCAU3LivYC7TDkEkzbZjMhSQjlrFv4MZXceNCEbdu3fk2ptMBtfWHwM93zuHk/G7MmVSW9WUUlpZXVteK66WNza3tHXN3ry2jRBDaIhGPRNfFknIW0pZiitNuLCgOXE47rn85rXduqZAsCm/UOKZ2gIch8xjBSiPHPO6PsErvJk7q3/tVNIEX0Kv8sCrK6Iljlq2alQkuGpSbMsjVdMzP/iAiSUBDRTiWsoesWNkpFooRTielfiJpjImPh7SnbYgDKu00u2cCjzQZQC8S+oUKZvT3RIoDKceBqzsDrEZyvjaF/9V6ifLqdsrCOFE0JLNFXsKhiuA0HDhgghLFx9pgIpj+KyQjLDBROsKSDgHNn7xo2qc1ZNXQ9Vm5Uc/jKIIDcAgqAIFz0ABXoAlagIAH8ARewKvxaDwbb8b7rLVg5DP74I+Mj2/OopvP</latexit><latexit sha1_base64="d4Xdt9yl8Y9hyRrzBeiPDfJokR4=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BR6qJlIoLdCAU3LivYC7TDkEkzbZjMhSQjlrFv4MZXceNCEbdu3fk2ptMBtfWHwM93zuHk/G7MmVSW9WUUlpZXVteK66WNza3tHXN3ry2jRBDaIhGPRNfFknIW0pZiitNuLCgOXE47rn85rXduqZAsCm/UOKZ2gIch8xjBSiPHPO6PsErvJk7q3/tVNIEX0Kv8sCrK6Iljlq2alQkuGpSbMsjVdMzP/iAiSUBDRTiWsoesWNkpFooRTielfiJpjImPh7SnbYgDKu00u2cCjzQZQC8S+oUKZvT3RIoDKceBqzsDrEZyvjaF/9V6ifLqdsrCOFE0JLNFXsKhiuA0HDhgghLFx9pgIpj+KyQjLDBROsKSDgHNn7xo2qc1ZNXQ9Vm5Uc/jKIIDcAgqAIFz0ABXoAlagIAH8ARewKvxaDwbb8b7rLVg5DP74I+Mj2/OopvP</latexit>

Time update: prediction

Measurement update: correction
measurement vector

        measurement covariance

measurement matrixHk
<latexit sha1_base64="JtHcFapjJfJL29jaLJg5xWUnU5Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLz1WtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i387hPXRsTqEWcJ9yM6ViIUjKKVHprD6bBccavuEmSTeDmpQI7WsPw1GMUsjbhCJqkxfc9N0M+oRsEkn5cGqeEJZVM65n1LFY248bPlqXNyZZURCWNtSyFZqr8nMhoZM4sC2xlRnJh1byH+5/VTDOt+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJuncVD236t3fVhr1PI4iXMAlXIMHNWhAE1rQBgZjeIZXeHOk8+K8Ox+r1oKTz5zDHzifPxd2jaA=</latexit><latexit sha1_base64="JtHcFapjJfJL29jaLJg5xWUnU5Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLz1WtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i387hPXRsTqEWcJ9yM6ViIUjKKVHprD6bBccavuEmSTeDmpQI7WsPw1GMUsjbhCJqkxfc9N0M+oRsEkn5cGqeEJZVM65n1LFY248bPlqXNyZZURCWNtSyFZqr8nMhoZM4sC2xlRnJh1byH+5/VTDOt+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJuncVD236t3fVhr1PI4iXMAlXIMHNWhAE1rQBgZjeIZXeHOk8+K8Ox+r1oKTz5zDHzifPxd2jaA=</latexit><latexit sha1_base64="JtHcFapjJfJL29jaLJg5xWUnU5Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLz1WtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i387hPXRsTqEWcJ9yM6ViIUjKKVHprD6bBccavuEmSTeDmpQI7WsPw1GMUsjbhCJqkxfc9N0M+oRsEkn5cGqeEJZVM65n1LFY248bPlqXNyZZURCWNtSyFZqr8nMhoZM4sC2xlRnJh1byH+5/VTDOt+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJuncVD236t3fVhr1PI4iXMAlXIMHNWhAE1rQBgZjeIZXeHOk8+K8Ox+r1oKTz5zDHzifPxd2jaA=</latexit><latexit sha1_base64="JtHcFapjJfJL29jaLJg5xWUnU5Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLz1WtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i387hPXRsTqEWcJ9yM6ViIUjKKVHprD6bBccavuEmSTeDmpQI7WsPw1GMUsjbhCJqkxfc9N0M+oRsEkn5cGqeEJZVM65n1LFY248bPlqXNyZZURCWNtSyFZqr8nMhoZM4sC2xlRnJh1byH+5/VTDOt+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJuncVD236t3fVhr1PI4iXMAlXIMHNWhAE1rQBgZjeIZXeHOk8+K8Ox+r1oKTz5zDHzifPxd2jaA=</latexit>

mk
<latexit sha1_base64="wsDf+gXX7s9trXoSG71e9hmrsWc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9yP64X674VX8Bsk6CnFQgR6Nf/uoNEpZJVJYJakw38FMbTqm2nAmclXqZwZSyMR1i11FFJZpwujh1Ri6cMiBxol0pSxbq74kplcZMZOQ6JbUjs+rNxf+8bmbjWjjlKs0sKrZcFGeC2ITM/yYDrpFZMXGEMs3drYSNqKbMunRKLoRg9eV10rqqBn41uL+u1Gt5HEU4g3O4hABuoA530IAmMBjCM7zCmye8F+/d+1i2Frx85hT+wPv8AU/UjcU=</latexit><latexit sha1_base64="wsDf+gXX7s9trXoSG71e9hmrsWc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9yP64X674VX8Bsk6CnFQgR6Nf/uoNEpZJVJYJakw38FMbTqm2nAmclXqZwZSyMR1i11FFJZpwujh1Ri6cMiBxol0pSxbq74kplcZMZOQ6JbUjs+rNxf+8bmbjWjjlKs0sKrZcFGeC2ITM/yYDrpFZMXGEMs3drYSNqKbMunRKLoRg9eV10rqqBn41uL+u1Gt5HEU4g3O4hABuoA530IAmMBjCM7zCmye8F+/d+1i2Frx85hT+wPv8AU/UjcU=</latexit><latexit sha1_base64="wsDf+gXX7s9trXoSG71e9hmrsWc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9yP64X674VX8Bsk6CnFQgR6Nf/uoNEpZJVJYJakw38FMbTqm2nAmclXqZwZSyMR1i11FFJZpwujh1Ri6cMiBxol0pSxbq74kplcZMZOQ6JbUjs+rNxf+8bmbjWjjlKs0sKrZcFGeC2ITM/yYDrpFZMXGEMs3drYSNqKbMunRKLoRg9eV10rqqBn41uL+u1Gt5HEU4g3O4hABuoA530IAmMBjCM7zCmye8F+/d+1i2Frx85hT+wPv8AU/UjcU=</latexit><latexit sha1_base64="wsDf+gXX7s9trXoSG71e9hmrsWc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9yP64X674VX8Bsk6CnFQgR6Nf/uoNEpZJVJYJakw38FMbTqm2nAmclXqZwZSyMR1i11FFJZpwujh1Ri6cMiBxol0pSxbq74kplcZMZOQ6JbUjs+rNxf+8bmbjWjjlKs0sKrZcFGeC2ITM/yYDrpFZMXGEMs3drYSNqKbMunRKLoRg9eV10rqqBn41uL+u1Gt5HEU4g3O4hABuoA530IAmMBjCM7zCmye8F+/d+1i2Frx85hT+wPv8AU/UjcU=</latexit>

Compute gain:

Corrected state:

Corrected covariance:

öxk |k = öxk |k ! 1 + K k (mk ! Hk öxk |k ! 1)
<latexit sha1_base64="vQd1KMCMHGURcFAMYksC2WmX2xs=">AAACKXicbVDLSgMxFM3UV62vUZdugkWoSMuMCHYjFNwU3FSwD2iHIZOmbZhkZkgyYhnnd9z4K24UFHXrj5i2s6itBxJOzrmXm3u8iFGpLOvLyK2srq1v5DcLW9s7u3vm/kFLhrHApIlDFoqOhyRhNCBNRRUjnUgQxD1G2p5/PfHb90RIGgZ3ahwRh6NhQAcUI6Ul16z1RkglD6mb+I9+Cq/g/Ltsp/AM3rh+ibs+LMO6vhf8U9csWhVrCrhM7IwUQYaGa771+iGOOQkUZkjKrm1FykmQUBQzkhZ6sSQRwj4akq6mAeJEOsl00xSeaKUPB6HQJ1Bwqs53JIhLOeaeruRIjeSiNxH/87qxGlSdhAZRrEiAZ4MGMYMqhJPYYJ8KghUba4KwoPqvEI+QQFjpcAs6BHtx5WXSOq/YVsW+vSjWqlkceXAEjkEJ2OAS1EAdNEATYPAEXsA7+DCejVfj0/ieleaMrOcQ/IHx8wuKKaYX</latexit><latexit sha1_base64="vQd1KMCMHGURcFAMYksC2WmX2xs=">AAACKXicbVDLSgMxFM3UV62vUZdugkWoSMuMCHYjFNwU3FSwD2iHIZOmbZhkZkgyYhnnd9z4K24UFHXrj5i2s6itBxJOzrmXm3u8iFGpLOvLyK2srq1v5DcLW9s7u3vm/kFLhrHApIlDFoqOhyRhNCBNRRUjnUgQxD1G2p5/PfHb90RIGgZ3ahwRh6NhQAcUI6Ul16z1RkglD6mb+I9+Cq/g/Ltsp/AM3rh+ibs+LMO6vhf8U9csWhVrCrhM7IwUQYaGa771+iGOOQkUZkjKrm1FykmQUBQzkhZ6sSQRwj4akq6mAeJEOsl00xSeaKUPB6HQJ1Bwqs53JIhLOeaeruRIjeSiNxH/87qxGlSdhAZRrEiAZ4MGMYMqhJPYYJ8KghUba4KwoPqvEI+QQFjpcAs6BHtx5WXSOq/YVsW+vSjWqlkceXAEjkEJ2OAS1EAdNEATYPAEXsA7+DCejVfj0/ieleaMrOcQ/IHx8wuKKaYX</latexit><latexit sha1_base64="vQd1KMCMHGURcFAMYksC2WmX2xs=">AAACKXicbVDLSgMxFM3UV62vUZdugkWoSMuMCHYjFNwU3FSwD2iHIZOmbZhkZkgyYhnnd9z4K24UFHXrj5i2s6itBxJOzrmXm3u8iFGpLOvLyK2srq1v5DcLW9s7u3vm/kFLhrHApIlDFoqOhyRhNCBNRRUjnUgQxD1G2p5/PfHb90RIGgZ3ahwRh6NhQAcUI6Ul16z1RkglD6mb+I9+Cq/g/Ltsp/AM3rh+ibs+LMO6vhf8U9csWhVrCrhM7IwUQYaGa771+iGOOQkUZkjKrm1FykmQUBQzkhZ6sSQRwj4akq6mAeJEOsl00xSeaKUPB6HQJ1Bwqs53JIhLOeaeruRIjeSiNxH/87qxGlSdhAZRrEiAZ4MGMYMqhJPYYJ8KghUba4KwoPqvEI+QQFjpcAs6BHtx5WXSOq/YVsW+vSjWqlkceXAEjkEJ2OAS1EAdNEATYPAEXsA7+DCejVfj0/ieleaMrOcQ/IHx8wuKKaYX</latexit><latexit sha1_base64="vQd1KMCMHGURcFAMYksC2WmX2xs=">AAACKXicbVDLSgMxFM3UV62vUZdugkWoSMuMCHYjFNwU3FSwD2iHIZOmbZhkZkgyYhnnd9z4K24UFHXrj5i2s6itBxJOzrmXm3u8iFGpLOvLyK2srq1v5DcLW9s7u3vm/kFLhrHApIlDFoqOhyRhNCBNRRUjnUgQxD1G2p5/PfHb90RIGgZ3ahwRh6NhQAcUI6Ul16z1RkglD6mb+I9+Cq/g/Ltsp/AM3rh+ibs+LMO6vhf8U9csWhVrCrhM7IwUQYaGa771+iGOOQkUZkjKrm1FykmQUBQzkhZ6sSQRwj4akq6mAeJEOsl00xSeaKUPB6HQJ1Bwqs53JIhLOeaeruRIjeSiNxH/87qxGlSdhAZRrEiAZ4MGMYMqhJPYYJ8KghUba4KwoPqvEI+QQFjpcAs6BHtx5WXSOq/YVsW+vSjWqlkceXAEjkEJ2OAS1EAdNEATYPAEXsA7+DCejVfj0/ieleaMrOcQ/IHx8wuKKaYX</latexit>

Pk|k = Pk|k�1 �KkHkPk|k�1
<latexit sha1_base64="N/s3yRcfMH8NgIgL25LOIsLC0nw=">AAACDnicbZDLSsNAFIZPvNZ6i7p0M1gKbloSEexGKLgpuKlgL9CGMJlO2yGTCzMTocQ8gRtfxY0LRdy6dufbOG2DaOsPAx//OYcz5/dizqSyrC9jZXVtfWOzsFXc3tnd2zcPDtsySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO04/lX03rnjgrJovBWTWLqBHgUsiEjWGnLNctNN/Xv/QxdojlV7AxV0LXrN1z/x3HNklW1ZkLLYOdQglxN1/zsDyKSBDRUhGMpe7YVKyfFQjHCaVbsJ5LGmPh4RHsaQxxQ6aSzczJU1s4ADSOhX6jQzP09keJAykng6c4Aq7FcrE3N/2q9RA1rTsrCOFE0JPNFw4QjFaFpNmjABCWKTzRgIpj+KyJjLDBROsGiDsFePHkZ2mdV26raN+elei2PowDHcAKnYMMF1KEBTWgBgQd4ghd4NR6NZ+PNeJ+3rhj5zBH8kfHxDQtJmss=</latexit><latexit sha1_base64="N/s3yRcfMH8NgIgL25LOIsLC0nw=">AAACDnicbZDLSsNAFIZPvNZ6i7p0M1gKbloSEexGKLgpuKlgL9CGMJlO2yGTCzMTocQ8gRtfxY0LRdy6dufbOG2DaOsPAx//OYcz5/dizqSyrC9jZXVtfWOzsFXc3tnd2zcPDtsySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO04/lX03rnjgrJovBWTWLqBHgUsiEjWGnLNctNN/Xv/QxdojlV7AxV0LXrN1z/x3HNklW1ZkLLYOdQglxN1/zsDyKSBDRUhGMpe7YVKyfFQjHCaVbsJ5LGmPh4RHsaQxxQ6aSzczJU1s4ADSOhX6jQzP09keJAykng6c4Aq7FcrE3N/2q9RA1rTsrCOFE0JPNFw4QjFaFpNmjABCWKTzRgIpj+KyJjLDBROsGiDsFePHkZ2mdV26raN+elei2PowDHcAKnYMMF1KEBTWgBgQd4ghd4NR6NZ+PNeJ+3rhj5zBH8kfHxDQtJmss=</latexit><latexit sha1_base64="N/s3yRcfMH8NgIgL25LOIsLC0nw=">AAACDnicbZDLSsNAFIZPvNZ6i7p0M1gKbloSEexGKLgpuKlgL9CGMJlO2yGTCzMTocQ8gRtfxY0LRdy6dufbOG2DaOsPAx//OYcz5/dizqSyrC9jZXVtfWOzsFXc3tnd2zcPDtsySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO04/lX03rnjgrJovBWTWLqBHgUsiEjWGnLNctNN/Xv/QxdojlV7AxV0LXrN1z/x3HNklW1ZkLLYOdQglxN1/zsDyKSBDRUhGMpe7YVKyfFQjHCaVbsJ5LGmPh4RHsaQxxQ6aSzczJU1s4ADSOhX6jQzP09keJAykng6c4Aq7FcrE3N/2q9RA1rTsrCOFE0JPNFw4QjFaFpNmjABCWKTzRgIpj+KyJjLDBROsGiDsFePHkZ2mdV26raN+elei2PowDHcAKnYMMF1KEBTWgBgQd4ghd4NR6NZ+PNeJ+3rhj5zBH8kfHxDQtJmss=</latexit><latexit sha1_base64="N/s3yRcfMH8NgIgL25LOIsLC0nw=">AAACDnicbZDLSsNAFIZPvNZ6i7p0M1gKbloSEexGKLgpuKlgL9CGMJlO2yGTCzMTocQ8gRtfxY0LRdy6dufbOG2DaOsPAx//OYcz5/dizqSyrC9jZXVtfWOzsFXc3tnd2zcPDtsySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO04/lX03rnjgrJovBWTWLqBHgUsiEjWGnLNctNN/Xv/QxdojlV7AxV0LXrN1z/x3HNklW1ZkLLYOdQglxN1/zsDyKSBDRUhGMpe7YVKyfFQjHCaVbsJ5LGmPh4RHsaQxxQ6aSzczJU1s4ADSOhX6jQzP09keJAykng6c4Aq7FcrE3N/2q9RA1rTsrCOFE0JPNFw4QjFaFpNmjABCWKTzRgIpj+KyJjLDBROsGiDsFePHkZ2mdV26raN+elei2PowDHcAKnYMMF1KEBTWgBgQd4ghd4NR6NZ+PNeJ+3rhj5zBH8kfHxDQtJmss=</latexit>

Kk = Pk|k! 1H
T
k (HkPk|k! 1H

T
k + Vk)

! 1
<latexit sha1_base64="V+fFl6JfuKsv3hAIMngu4ewEkm0=">AAACG3icbVBLSwMxGMzWV62vVY9egkWoiGW3CPYiFLwUvFToC9rtkk3TNmw2uyRZoaz9H178K148KOJJ8OC/MW0X1NaBhGFmPpJvvIhRqSzry8isrK6tb2Q3c1vbO7t75v5BU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlqefz31W3dESBryuhpHxAnQkNMBxUhpyTVLN64Pr2DNTfx7/9yeVF2/Vy/o+0fp1XXkDDZd/7SXaME181bRmgEuEzsleZCi5pof3X6I44BwhRmSsmNbkXISJBTFjExy3ViSCGEfDUlHU44CIp1kttsEnmilDweh0IcrOFN/TyQokHIceDoZIDWSi95U/M/rxGpQdhLKo1gRjucPDWIGVQinRcE+FQQrNtYEYUH1XyEeIYGw0nXmdAn24srLpFkq2lbRvr3IV8ppHVlwBI5BAdjgElRAFdRAA2DwAJ7AC3g1Ho1n4814n0czRjpzCP7A+PwGOjOe/w==</latexit><latexit sha1_base64="V+fFl6JfuKsv3hAIMngu4ewEkm0=">AAACG3icbVBLSwMxGMzWV62vVY9egkWoiGW3CPYiFLwUvFToC9rtkk3TNmw2uyRZoaz9H178K148KOJJ8OC/MW0X1NaBhGFmPpJvvIhRqSzry8isrK6tb2Q3c1vbO7t75v5BU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlqefz31W3dESBryuhpHxAnQkNMBxUhpyTVLN64Pr2DNTfx7/9yeVF2/Vy/o+0fp1XXkDDZd/7SXaME181bRmgEuEzsleZCi5pof3X6I44BwhRmSsmNbkXISJBTFjExy3ViSCGEfDUlHU44CIp1kttsEnmilDweh0IcrOFN/TyQokHIceDoZIDWSi95U/M/rxGpQdhLKo1gRjucPDWIGVQinRcE+FQQrNtYEYUH1XyEeIYGw0nXmdAn24srLpFkq2lbRvr3IV8ppHVlwBI5BAdjgElRAFdRAA2DwAJ7AC3g1Ho1n4814n0czRjpzCP7A+PwGOjOe/w==</latexit><latexit sha1_base64="V+fFl6JfuKsv3hAIMngu4ewEkm0=">AAACG3icbVBLSwMxGMzWV62vVY9egkWoiGW3CPYiFLwUvFToC9rtkk3TNmw2uyRZoaz9H178K148KOJJ8OC/MW0X1NaBhGFmPpJvvIhRqSzry8isrK6tb2Q3c1vbO7t75v5BU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlqefz31W3dESBryuhpHxAnQkNMBxUhpyTVLN64Pr2DNTfx7/9yeVF2/Vy/o+0fp1XXkDDZd/7SXaME181bRmgEuEzsleZCi5pof3X6I44BwhRmSsmNbkXISJBTFjExy3ViSCGEfDUlHU44CIp1kttsEnmilDweh0IcrOFN/TyQokHIceDoZIDWSi95U/M/rxGpQdhLKo1gRjucPDWIGVQinRcE+FQQrNtYEYUH1XyEeIYGw0nXmdAn24srLpFkq2lbRvr3IV8ppHVlwBI5BAdjgElRAFdRAA2DwAJ7AC3g1Ho1n4814n0czRjpzCP7A+PwGOjOe/w==</latexit><latexit sha1_base64="V+fFl6JfuKsv3hAIMngu4ewEkm0=">AAACG3icbVBLSwMxGMzWV62vVY9egkWoiGW3CPYiFLwUvFToC9rtkk3TNmw2uyRZoaz9H178K148KOJJ8OC/MW0X1NaBhGFmPpJvvIhRqSzry8isrK6tb2Q3c1vbO7t75v5BU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlqefz31W3dESBryuhpHxAnQkNMBxUhpyTVLN64Pr2DNTfx7/9yeVF2/Vy/o+0fp1XXkDDZd/7SXaME181bRmgEuEzsleZCi5pof3X6I44BwhRmSsmNbkXISJBTFjExy3ViSCGEfDUlHU44CIp1kttsEnmilDweh0IcrOFN/TyQokHIceDoZIDWSi95U/M/rxGpQdhLKo1gRjucPDWIGVQinRcE+FQQrNtYEYUH1XyEeIYGw0nXmdAn24srLpFkq2lbRvr3IV8ppHVlwBI5BAdjgElRAFdRAA2DwAJ7AC3g1Ho1n4814n0czRjpzCP7A+PwGOjOe/w==</latexit>

Vk
<latexit sha1_base64="Lxg0tpLkqZfCzLeK3ZIU2d/DTdw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz00BlOh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zUObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+JuMuEJmxMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl17/661mwUcZThDM7hEjy4gSbcQQvawGAMz/AKb45wXpx352PZWnKKmVP4A+fzByzKja4=</latexit><latexit sha1_base64="Lxg0tpLkqZfCzLeK3ZIU2d/DTdw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz00BlOh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zUObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+JuMuEJmxMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl17/661mwUcZThDM7hEjy4gSbcQQvawGAMz/AKb45wXpx352PZWnKKmVP4A+fzByzKja4=</latexit><latexit sha1_base64="Lxg0tpLkqZfCzLeK3ZIU2d/DTdw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz00BlOh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zUObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+JuMuEJmxMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl17/661mwUcZThDM7hEjy4gSbcQQvawGAMz/AKb45wXpx352PZWnKKmVP4A+fzByzKja4=</latexit><latexit sha1_base64="Lxg0tpLkqZfCzLeK3ZIU2d/DTdw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz00BlOh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zUObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+JuMuEJmxMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl17/661mwUcZThDM7hEjy4gSbcQQvawGAMz/AKb45wXpx352PZWnKKmVP4A+fzByzKja4=</latexit>
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!4

UKF
Reconstruction

¥ Usually, linearisation of the model : EKF

¥ UKF: 

A new extension of the Kalman Filter for non-linear systems, Julier S. et Uhlmann K., 1997

Form 2N+1 sigma points:

Propagate all of the sigma points:

Form propagated state vector and covariance: 

Time update: prediction

X0 = öxk! 1|k ! 1, w0 ! [0, 1)
<latexit sha1_base64="K3xyEHWYfeacoeQJE9Szsa67KrQ=">AAACH3icbVDLSgMxFM34rPVVdekmWASFWmZEtBuh4MZlBfuAThnupGkbmsmMSUYt4/yJG3/FjQtFxF3/xvSx0NYDFw7n3Etyjh9xprRtD62FxaXlldXMWnZ9Y3NrO7ezW1NhLAmtkpCHsuGDopwJWtVMc9qIJIXA57Tu969Gfv2eSsVCcasHEW0F0BWswwhoI3m5czcA3SPAk0bq2fgSuz3QyWPqJf0T58lMWsDuXQxt/GBslwnctAvOsZfL20V7DDxPnCnJoykqXu7bbYckDqjQhINSTceOdCsBqRnhNM26saIRkD50adNQAQFVrWScL8WHRmnjTijNCI3H6u+LBAKlBoFvNkdp1Kw3Ev/zmrHulFoJE1GsqSCThzoxxzrEo7Jwm0lKNB8YAkQy81dMeiCBaFNp1pTgzEaeJ7XTomMXnZuzfLk0rSOD9tEBOkIOukBldI0qqIoIekav6B19WC/Wm/VpfU1WF6zpzR76A2v4A53/oLo=</latexit><latexit sha1_base64="K3xyEHWYfeacoeQJE9Szsa67KrQ=">AAACH3icbVDLSgMxFM34rPVVdekmWASFWmZEtBuh4MZlBfuAThnupGkbmsmMSUYt4/yJG3/FjQtFxF3/xvSx0NYDFw7n3Etyjh9xprRtD62FxaXlldXMWnZ9Y3NrO7ezW1NhLAmtkpCHsuGDopwJWtVMc9qIJIXA57Tu969Gfv2eSsVCcasHEW0F0BWswwhoI3m5czcA3SPAk0bq2fgSuz3QyWPqJf0T58lMWsDuXQxt/GBslwnctAvOsZfL20V7DDxPnCnJoykqXu7bbYckDqjQhINSTceOdCsBqRnhNM26saIRkD50adNQAQFVrWScL8WHRmnjTijNCI3H6u+LBAKlBoFvNkdp1Kw3Ev/zmrHulFoJE1GsqSCThzoxxzrEo7Jwm0lKNB8YAkQy81dMeiCBaFNp1pTgzEaeJ7XTomMXnZuzfLk0rSOD9tEBOkIOukBldI0qqIoIekav6B19WC/Wm/VpfU1WF6zpzR76A2v4A53/oLo=</latexit><latexit sha1_base64="K3xyEHWYfeacoeQJE9Szsa67KrQ=">AAACH3icbVDLSgMxFM34rPVVdekmWASFWmZEtBuh4MZlBfuAThnupGkbmsmMSUYt4/yJG3/FjQtFxF3/xvSx0NYDFw7n3Etyjh9xprRtD62FxaXlldXMWnZ9Y3NrO7ezW1NhLAmtkpCHsuGDopwJWtVMc9qIJIXA57Tu969Gfv2eSsVCcasHEW0F0BWswwhoI3m5czcA3SPAk0bq2fgSuz3QyWPqJf0T58lMWsDuXQxt/GBslwnctAvOsZfL20V7DDxPnCnJoykqXu7bbYckDqjQhINSTceOdCsBqRnhNM26saIRkD50adNQAQFVrWScL8WHRmnjTijNCI3H6u+LBAKlBoFvNkdp1Kw3Ev/zmrHulFoJE1GsqSCThzoxxzrEo7Jwm0lKNB8YAkQy81dMeiCBaFNp1pTgzEaeJ7XTomMXnZuzfLk0rSOD9tEBOkIOukBldI0qqIoIekav6B19WC/Wm/VpfU1WF6zpzR76A2v4A53/oLo=</latexit><latexit sha1_base64="K3xyEHWYfeacoeQJE9Szsa67KrQ=">AAACH3icbVDLSgMxFM34rPVVdekmWASFWmZEtBuh4MZlBfuAThnupGkbmsmMSUYt4/yJG3/FjQtFxF3/xvSx0NYDFw7n3Etyjh9xprRtD62FxaXlldXMWnZ9Y3NrO7ezW1NhLAmtkpCHsuGDopwJWtVMc9qIJIXA57Tu969Gfv2eSsVCcasHEW0F0BWswwhoI3m5czcA3SPAk0bq2fgSuz3QyWPqJf0T58lMWsDuXQxt/GBslwnctAvOsZfL20V7DDxPnCnJoykqXu7bbYckDqjQhINSTceOdCsBqRnhNM26saIRkD50adNQAQFVrWScL8WHRmnjTijNCI3H6u+LBAKlBoFvNkdp1Kw3Ev/zmrHulFoJE1GsqSCThzoxxzrEo7Jwm0lKNB8YAkQy81dMeiCBaFNp1pTgzEaeJ7XTomMXnZuzfLk0rSOD9tEBOkIOukBldI0qqIoIekav6B19WC/Wm/VpfU1WF6zpzR76A2v4A53/oLo=</latexit>

Xi = x̂k�1|k�1 ±
r

N

1� w0
Ai, wi =

1� w0

2N
<latexit sha1_base64="tjUj7KKKWL1cdxsIU4l+6prA7q4="></latexit><latexit sha1_base64="tjUj7KKKWL1cdxsIU4l+6prA7q4="></latexit><latexit sha1_base64="tjUj7KKKWL1cdxsIU4l+6prA7q4="></latexit><latexit sha1_base64="tjUj7KKKWL1cdxsIU4l+6prA7q4="></latexit>

Yi = f (Xi )
<latexit sha1_base64="boQsAj6EmhXwnoWSG4PQmjgM3cs=">AAACCnicbZDLSsNAFIZPvNZ6i7p0M1qEuimJCHYjFNy4rGAv0oYymU7aoZNJmJkIJXTtxldx40IRtz6BO9/GSRtEW38Y+PnOOcw5vx9zprTjfFlLyyura+uFjeLm1vbOrr2331RRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7rK6q17KhWLxK0ex9QL8UCwgBGsDerZR90Q6yHBPL2b9Bi6REEZ/aC2Qac9u+RUnKnQonFzU4Jc9Z792e1HJAmp0IRjpTquE2svxVIzwumk2E0UjTEZ4QHtGCtwSJWXTk+ZoBND+iiIpHlCoyn9PZHiUKlx6JvObEs1X8vgf7VOooOqlzIRJ5oKMvsoSDjSEcpyQX0mKdF8bAwmkpldERliiYk26RVNCO78yYumeVZxnYp7c16qVfM4CnAIx1AGFy6gBtdQhwYQeIAneIFX69F6tt6s91nrkpXPHMAfWR/fJAeZ3A==</latexit><latexit sha1_base64="boQsAj6EmhXwnoWSG4PQmjgM3cs=">AAACCnicbZDLSsNAFIZPvNZ6i7p0M1qEuimJCHYjFNy4rGAv0oYymU7aoZNJmJkIJXTtxldx40IRtz6BO9/GSRtEW38Y+PnOOcw5vx9zprTjfFlLyyura+uFjeLm1vbOrr2331RRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7rK6q17KhWLxK0ex9QL8UCwgBGsDerZR90Q6yHBPL2b9Bi6REEZ/aC2Qac9u+RUnKnQonFzU4Jc9Z792e1HJAmp0IRjpTquE2svxVIzwumk2E0UjTEZ4QHtGCtwSJWXTk+ZoBND+iiIpHlCoyn9PZHiUKlx6JvObEs1X8vgf7VOooOqlzIRJ5oKMvsoSDjSEcpyQX0mKdF8bAwmkpldERliiYk26RVNCO78yYumeVZxnYp7c16qVfM4CnAIx1AGFy6gBtdQhwYQeIAneIFX69F6tt6s91nrkpXPHMAfWR/fJAeZ3A==</latexit><latexit sha1_base64="boQsAj6EmhXwnoWSG4PQmjgM3cs=">AAACCnicbZDLSsNAFIZPvNZ6i7p0M1qEuimJCHYjFNy4rGAv0oYymU7aoZNJmJkIJXTtxldx40IRtz6BO9/GSRtEW38Y+PnOOcw5vx9zprTjfFlLyyura+uFjeLm1vbOrr2331RRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7rK6q17KhWLxK0ex9QL8UCwgBGsDerZR90Q6yHBPL2b9Bi6REEZ/aC2Qac9u+RUnKnQonFzU4Jc9Z792e1HJAmp0IRjpTquE2svxVIzwumk2E0UjTEZ4QHtGCtwSJWXTk+ZoBND+iiIpHlCoyn9PZHiUKlx6JvObEs1X8vgf7VOooOqlzIRJ5oKMvsoSDjSEcpyQX0mKdF8bAwmkpldERliiYk26RVNCO78yYumeVZxnYp7c16qVfM4CnAIx1AGFy6gBtdQhwYQeIAneIFX69F6tt6s91nrkpXPHMAfWR/fJAeZ3A==</latexit><latexit sha1_base64="boQsAj6EmhXwnoWSG4PQmjgM3cs=">AAACCnicbZDLSsNAFIZPvNZ6i7p0M1qEuimJCHYjFNy4rGAv0oYymU7aoZNJmJkIJXTtxldx40IRtz6BO9/GSRtEW38Y+PnOOcw5vx9zprTjfFlLyyura+uFjeLm1vbOrr2331RRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7rK6q17KhWLxK0ex9QL8UCwgBGsDerZR90Q6yHBPL2b9Bi6REEZ/aC2Qac9u+RUnKnQonFzU4Jc9Z792e1HJAmp0IRjpTquE2svxVIzwumk2E0UjTEZ4QHtGCtwSJWXTk+ZoBND+iiIpHlCoyn9PZHiUKlx6JvObEs1X8vgf7VOooOqlzIRJ5oKMvsoSDjSEcpyQX0mKdF8bAwmkpldERliiYk26RVNCO78yYumeVZxnYp7c16qVfM4CnAIx1AGFy6gBtdQhwYQeIAneIFX69F6tt6s91nrkpXPHMAfWR/fJAeZ3A==</latexit>

Pk|k�1 =
2NX

i=0

wi{Yi � x̂k|k1
}{Yi � x̂k|k�1}T

<latexit sha1_base64="eW7GilnGQMpyGezlUpOXtd2hlyE="></latexit><latexit sha1_base64="eW7GilnGQMpyGezlUpOXtd2hlyE="></latexit><latexit sha1_base64="eW7GilnGQMpyGezlUpOXtd2hlyE="></latexit><latexit sha1_base64="eW7GilnGQMpyGezlUpOXtd2hlyE="></latexit>

x̂k|k�1 =
2NX

i=0

wiYi

<latexit sha1_base64="XD98rt6Mk0Qv3ystDNjv2xMqMdQ="></latexit><latexit sha1_base64="XD98rt6Mk0Qv3ystDNjv2xMqMdQ="></latexit><latexit sha1_base64="XD98rt6Mk0Qv3ystDNjv2xMqMdQ="></latexit><latexit sha1_base64="XD98rt6Mk0Qv3ystDNjv2xMqMdQ="></latexit>
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UKF
Reconstruction

¥ Usually, linearisation of the model : EKF

¥ UKF: implementation header

A new extension of the Kalman Filter for non-linear systems, Julier S. et Uhlmann K., 1997

std::vector<sigma_state> ukf::generate_sigma_points(state ...); 

template<class Predicate> 
std::vector<sigma_state> 
ukf::propagate_until(std::vector<sigma_state> ... , Predicate ...); 

state ukf::generate_propagated_state(std::vector<sigma_state> ...); 

state ukf::correct_state(state ... , measurement ...); 

Reconstruction



Introduction Reconstruction Recognition FOOT

!6

Proof of concept: ball thrown in a gravitational field

Recognition

First case: Second case: 

Measurements and model 
matches 

Measurements and model do 
not correspond
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z(m)
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Corrected state
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Model1: !   g = − 9.81m /s2 ; vy0 = 15m /s ; vz0 = 20m /s Model2: !   g = − 4.91m /s2 ; vy0 = 3m /s ; vz0 = 23m /s
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Arborescence

¥ Overview of the 
clusters the track could 
be composed of

¥ One node corresponds 
to one cluster

¥ One node per detection 
 layer per branch

Residuals vector and covariance:

Chisquared update:

rk|k�1 = mk �Hkx̂k|k�1
<latexit sha1_base64="XJYGUz1ExttbtP0qkATOQnErleg=">AAACDnicbVDLSgMxFM34rPU16tJNsBTctMyIYDdCwU2XFewD2mHIpJk2TJIZkoxYxvkCN/6KGxeKuHXtzr8xfQjaeuBeDufcS3JPkDCqtON8WSura+sbm4Wt4vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCeIriZ+55ZIRWNxo8cJ8TgaChpSjLSRfLss/Sy6jypuDi8h9yNYgQ3T+yOks7v8x/PtklN1poDLxJ2TEpij6duf/UGMU06Exgwp1XOdRHsZkppiRvJiP1UkQThCQ9IzVCBOlJdNz8lh2SgDGMbSlNBwqv7eyBBXaswDM8mRHqlFbyL+5/VSHda8jIok1UTg2UNhyqCO4SQbOKCSYM3GhiAsqfkrxCMkEdYmwaIJwV08eZm0z6quU3Wvz0v12jyOAjgGJ+AUuOAC1EEDNEELYPAAnsALeLUerWfrzXqfja5Y850j8AfWxzc87prv</latexit><latexit sha1_base64="XJYGUz1ExttbtP0qkATOQnErleg=">AAACDnicbVDLSgMxFM34rPU16tJNsBTctMyIYDdCwU2XFewD2mHIpJk2TJIZkoxYxvkCN/6KGxeKuHXtzr8xfQjaeuBeDufcS3JPkDCqtON8WSura+sbm4Wt4vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCeIriZ+55ZIRWNxo8cJ8TgaChpSjLSRfLss/Sy6jypuDi8h9yNYgQ3T+yOks7v8x/PtklN1poDLxJ2TEpij6duf/UGMU06Exgwp1XOdRHsZkppiRvJiP1UkQThCQ9IzVCBOlJdNz8lh2SgDGMbSlNBwqv7eyBBXaswDM8mRHqlFbyL+5/VSHda8jIok1UTg2UNhyqCO4SQbOKCSYM3GhiAsqfkrxCMkEdYmwaIJwV08eZm0z6quU3Wvz0v12jyOAjgGJ+AUuOAC1EEDNEELYPAAnsALeLUerWfrzXqfja5Y850j8AfWxzc87prv</latexit><latexit sha1_base64="XJYGUz1ExttbtP0qkATOQnErleg=">AAACDnicbVDLSgMxFM34rPU16tJNsBTctMyIYDdCwU2XFewD2mHIpJk2TJIZkoxYxvkCN/6KGxeKuHXtzr8xfQjaeuBeDufcS3JPkDCqtON8WSura+sbm4Wt4vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCeIriZ+55ZIRWNxo8cJ8TgaChpSjLSRfLss/Sy6jypuDi8h9yNYgQ3T+yOks7v8x/PtklN1poDLxJ2TEpij6duf/UGMU06Exgwp1XOdRHsZkppiRvJiP1UkQThCQ9IzVCBOlJdNz8lh2SgDGMbSlNBwqv7eyBBXaswDM8mRHqlFbyL+5/VSHda8jIok1UTg2UNhyqCO4SQbOKCSYM3GhiAsqfkrxCMkEdYmwaIJwV08eZm0z6quU3Wvz0v12jyOAjgGJ+AUuOAC1EEDNEELYPAAnsALeLUerWfrzXqfja5Y850j8AfWxzc87prv</latexit><latexit sha1_base64="XJYGUz1ExttbtP0qkATOQnErleg=">AAACDnicbVDLSgMxFM34rPU16tJNsBTctMyIYDdCwU2XFewD2mHIpJk2TJIZkoxYxvkCN/6KGxeKuHXtzr8xfQjaeuBeDufcS3JPkDCqtON8WSura+sbm4Wt4vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCeIriZ+55ZIRWNxo8cJ8TgaChpSjLSRfLss/Sy6jypuDi8h9yNYgQ3T+yOks7v8x/PtklN1poDLxJ2TEpij6duf/UGMU06Exgwp1XOdRHsZkppiRvJiP1UkQThCQ9IzVCBOlJdNz8lh2SgDGMbSlNBwqv7eyBBXaswDM8mRHqlFbyL+5/VSHda8jIok1UTg2UNhyqCO4SQbOKCSYM3GhiAsqfkrxCMkEdYmwaIJwV08eZm0z6quU3Wvz0v12jyOAjgGJ+AUuOAC1EEDNEELYPAAnsALeLUerWfrzXqfja5Y850j8AfWxzc87prv</latexit>

�2
+ = rTk|k�1Rk|k�1rk|k�1
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Rk|k�1 = Vk +HkPk|k�1H
T
k
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Insertion criteria:

�2
k = �2

k�1 + �2
+
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Application to FOOT: reconstruction of a track

Retrieve informations 
from TOF to form 

hypothesis for the track

Start propagation from 
Þrst layer of vtx

Use local reconstruction 
to minimise possible 

combinations

Arborescence:

FOOT
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Application to FOOT: reconstruction of a track

Propagate to Þrst layer of 
the inner vertex, add 

closest clusters

Use local reconstruction 
to minimise possible 

combinations

Arborescence:

etc É

FOOT
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Application to FOOT: reconstruction of a track

Propagate to Þrst layer of 
the inner vertex, add 

closest clusters

Use TOF wall as the Þnal 
cross-check : conÞrm that 

the charge matches

Arborescence:

etc É

FOOT



Thank you for your 
attention


