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Prerequisites
• Bayes Rule (BR)

• Conditional independence (CI)

<latexit sha1_base64="eOjqFWboLNdSQG/a23pmL1fuPUA=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxCsymJFHUjtHWjuwr2Am0ok+mkHTpJhpmJUNJu3fgqblwo4tY3cOfbOGmz0NYfBj7+cw5nzu9xRqWy7W9jZXVtfWMzt5Xf3tnd2zcPDpsyigUmDRyxSLQ9JAmjIWkoqhhpc0FQ4DHS8kbXab31QISkUXivxpy4ARqE1KcYKW31TMiL1UnNglew6wuEE16sTaqWNq1pyta0Zxbskj0TXAYngwLIVO+ZX91+hOOAhAozJGXHsblyEyQUxYxM891YEo7wCA1IR2OIAiLdZHbJFJ5qpw/9SOgXKjhzf08kKJByHHi6M0BqKBdrqflfrRMr/9JNaMhjRUI8X+THDKoIprHAPhUEKzbWgLCg+q8QD5FOROnw8joEZ/HkZWielZzzUvmuXKjcZnHkwDE4AUXggAtQATegDhoAg0fwDF7Bm/FkvBjvxse8dcXIZo7AHxmfP8j3l+U=</latexit>

p(A|B) =
p(B|A)p(A)

p(B)
• Law of total probability (LTP)

<latexit sha1_base64="HIZZyXARIRoZA3REVLeFcq4yIXM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR2k2ZkaJuhFo3uqtgH9AOQyZN29AkMyQZoYx146+4caGIW//CnX9j2s5CWw9cODnnXnLvCSJGlXacbyuztLyyupZdz21sbm3v2Lt7DRXGEpM6DlkoWwFShFFB6ppqRlqRJIgHjDSD4dXEb94TqWgo7vQoIh5HfUF7FCNtJN8+iAqXRXgBOyrmfhWa10O1GBWqRd/OOyVnCrhI3JTkQYqab391uiGOOREaM6RU23Ui7SVIaooZGec6sSIRwkPUJ21DBeJEecn0gjE8NkoX9kJpSmg4VX9PJIgrNeKB6eRID9S8NxH/89qx7p17CRVRrInAs496MYM6hJM4YJdKgjUbGYKwpGZXiAdIIqxNaDkTgjt/8iJpnJTc01L5tpyv3KRxZMEhOAIF4IIzUAHXoAbqAINH8AxewZv1ZL1Y79bHrDVjpTP74A+szx93vpRf</latexit>

p(A) =
X

B

p(A|B)p(B)

<latexit sha1_base64="r0xMIgvnoI08rNq7ywgmweoYhvg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi94q2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4brn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2l8dRhCM4hlPw4BJqcAt1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx++Zo16</latexit>

B1
<latexit sha1_base64="9KofeUs6XUE7yq8Ya70lsIT1JLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DXvQW0TwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn5rSeujYjVI44T7kd0oEQoGEUrPVz3Kr1iyS27c5BV4mWkBBnqveJXtx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolZ1bpkzDWthSSufp7YkIjY8ZRYDsjikOz7M3E/7xOiuGVPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt+eZU0K2Xvoly9r5Zqd1kceTiBUzgHDy6hBrdQhwYwGMAzvMKbI50X5935WLTmnGzmGP7A+fwBv+qNew==</latexit>

B2
<latexit sha1_base64="51eMwH5lWi34z74BSDLppKdPHn0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BL3qLaB6QLGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzThGP6QDyfucUWOlh+vuebdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0zsreRblyXylV77I48nAEx3AKHlxCFW6hBnVgMIBneIU3RzgvzrvzMW/NOdnMIfyB8/kDwW6NfA==</latexit>

B3
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C
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Def:  State  is complete iffxt−1

…

Complete states

<latexit sha1_base64="LlZ21fiy6+eXAqOpFDK1BnhhC/Q=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWakqMuCG91VsA/oDCWTZtrQTGZIMmIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cIBFcG8f5RqW19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesbbgRrJcoRqJAsG4wucn97iNTmsfywUwT5kdkJHnIKTFW8ryImHEQZk+zgTOo1py6MwdeJW5BalCgNah+ecOYphGThgqidd91EuNnRBlOBZtVvFSzhNAJGbG+pZJETPvZPPMMn1lliMNY2ScNnqu/NzISaT2NAjuZZ9TLXi7+5/VTE177GZdJapiki0NhKrCJcV4AHnLFqBFTSwhV3GbFdEwUocbWVLEluMtfXiWdi7p7WW/cN2rNu6KOMpzAKZyDC1fQhFtoQRsoJPAMr/CGUvSC3tHHYrSEip1j+AP0+QMt5ZHP</latexit>x0

<latexit sha1_base64="q8eX0aG67aDYW5JS4O6Sx70sw1A=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuCG91VsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gunt7nfe6JSsUQ86llKgxiPBYsYwdpKvh9jPQmjzMyH3rBac+vuAmideAWpQYH2sPrljxJiYio04VipgeemOsiw1IxwOq/4RtEUkyke04GlAsdUBdki8xxdWGWEokTaJzRaqL83MhwrNYtDO5lnVKteLv7nDYyOboKMidRoKsjyUGQ40gnKC0AjJinRfGYJJpLZrIhMsMRE25oqtgRv9cvrpHtV95r1xkOj1rov6ijDGZzDJXhwDS24gzZ0gEAKz/AKb45xXpx352M5WnKKnVP4A+fzByrUkc0=</latexit>u1
<latexit sha1_base64="d09PjZDcl8y+DIhNWF049bHT7mY=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCF0siRT0WvOitgrWFNoTNdtMu3WzC7qZQQv6JFw+KePWfePPfuGlz0NaBhWHmPd7sBAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjJxWnktAOiXksewFWlDNBO5ppTnuJpDgKOO0Gk9vC706pVCwWj3qWUC/CI8FCRrA2km/bgwjrcRBmae5n+sLNfbvuNJw50CpxS1KHEm3f/hoMY5JGVGjCsVJ910m0l2GpGeE0rw1SRRNMJnhE+4YKHFHlZfPkOTozyhCFsTRPaDRXf29kOFJqFgVmssiplr1C/M/rpzq88TImklRTQRaHwpQjHaOiBjRkkhLNZ4ZgIpnJisgYS0y0KatmSnCXv7xKni4b7lWj+dCst+7LOqpwAqdwDi5cQwvuoA0dIDCFZ3iFNyuzXqx362MxWrHKnWP4A+vzB7jok78=</latexit>ut�1

<latexit sha1_base64="GiOelRdbuIGCu9OluClm5G3DZjk=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgRncV7APaWCbTSTt08mDmRikh/+HGhSJu/Rd3/o2TNgttPTBwOOde7pnjxVJotO1vq7Syura+Ud6sbG3v7O5V9w/aOkoU4y0WyUh1Paq5FCFvoUDJu7HiNPAk73iT69zvPHKlRRTe4zTmbkBHofAFo2ikh35Acez5aZINUswG1Zpdt2cgy8QpSA0KNAfVr/4wYknAQ2SSat1z7BjdlCoUTPKs0k80jymb0BHvGRrSgGs3naXOyIlRhsSPlHkhkpn6eyOlgdbTwDOTeUq96OXif14vQf/KTUUYJ8hDNj/kJ5JgRPIKyFAozlBODaFMCZOVsDFVlKEpqmJKcBa/vEzaZ3Xnon5+d15r3BZ1lOEIjuEUHLiEBtxAE1rAQMEzvMKb9WS9WO/Wx3y0ZBU7h/AH1ucPXPKTHA==</latexit>ut
<latexit sha1_base64="NyfuUNRI7EFcULQ9ltx39agd2Pk=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCIJREinoseNFbBWsLbQib7aZdutmE3U2hhPwTLx4U8eo/8ea/cdPmoK0DC8PMe7zZCRLOlHacb6uytr6xuVXdru3s7u0f2IdHTypOJaEdEvNY9gKsKGeCdjTTnPYSSXEUcNoNJreF351SqVgsHvUsoV6ER4KFjGBtJN+2BxHW4yDM0tzP9IWb+3bdaThzoFXilqQOJdq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXhukiiaYTPCI9g0VOKLKy+bJc3RmlCEKY2me0Giu/t7IcKTULArMZJFTLXuF+J/XT3V442VMJKmmgiwOhSlHOkZFDWjIJCWazwzBRDKTFZExlphoU1bNlOAuf3mVPF023KtG86FZb92XdVThBE7hHFy4hhbcQRs6QGAKz/AKb1ZmvVjv1sditGKVO8fwB9bnD7Xck70=</latexit>ut+1

<latexit sha1_base64="+gZaFMSaWUIoeiZUZ9k3d9VEa/I=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0UQhJJIUZcFN7qrYB/QhjKZTtqhk0mYuSmWkD9x40IRt/6JO//GSZuFth4YOJxzL/fM8WPBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/cpv7nSlTmkfyEWYx80IykjzglICRBrbdDwmM/SB9ygYpXLjZwK46NWcOvErcglRRgebA/uoPI5qETAIVROue68TgpUQBp4JllX6iWUzohIxYz1BJQqa9dJ48w2dGGeIgUuZJwHP190ZKQq1noW8m85x62cvF/7xeAsGNl3IZJ8AkXRwKEoEhwnkNeMgVoyBmhhCquMmK6ZgoQsGUVTEluMtfXiXty5p7Vas/1KuN+6KOMjpBp+gcuegaNdAdaqIWomiKntErerNS68V6tz4WoyWr2DlGf2B9/gC6fZPA</latexit>xt+1
<latexit sha1_base64="Rtv27fvg17MIgvEGqADtQgrLO3E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXDsv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWGNkx8=</latexit>xt

<latexit sha1_base64="r4Etbzahov/TFYeC0rPP8Y9gEzY=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqMuCG91VsA9oQ5lMJ+3QySTM3BRLyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+LHgGhzn2yqtrW9sbpW3Kzu7e/sH9uFRW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uc39zpQpzSP5CLOYeSEZSR5wSsBIA9vuhwTGfpA+ZYMULtxsYFedmjMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDGS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Zc29qtUf6tXGfVFHGZ2gU3SOXHSNGugONVELUTRFz+gVvVmp9WK9Wx+L0ZJV7ByjP7A+fwC9iZPC</latexit>xt�1
<latexit sha1_base64="BMEKeOKCRxNDySp4Yv5byEmCZh0=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJmoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/uvktw=</latexit>x1 …

Consequences:
state-transition probability:

<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

Complete states:  
<latexit sha1_base64="XBEhC9PAJ9xfcAg/sxU0HG6eD2s=">AAACMXicbVDLSgMxFM3UV62vqks3wSK4kDIjRV0W3NRdFfuAtpZMmmlDM5khuSOWYX7JjX8ibrpQxK0/Yabtog8PBM4995F7jxsKrsG2x1ZmbX1jcyu7ndvZ3ds/yB8e1XUQKcpqNBCBarpEM8ElqwEHwZqhYsR3BWu4w9s033hmSvNAPsIoZB2f9CX3OCVgpG6+0vYJDFwvfkm6sZ1c4PnYSeNeAHpRhgS3uZxKlIj4IXmSuW6+YBftCfAqcWakgGaodvPvZjSNfCaBCqJ1y7FD6MREAaeCJbl2pFlI6JD0WctQSXymO/Hk4gSfGaWHvUCZJwFP1PmOmPhaj3zXVKZb6uVcKv6Xa0Xg3XRiLsMImKTTj7xIYAhwah/uccUoiJEhhCpudsV0QBShYExOTXCWT14l9cuic1Us3ZcK5buZHVl0gk7ROXLQNSqjCqqiGqLoFX2gT/RlvVlj69v6mZZmrFnPMVqA9fsHSbiq4g==</latexit>

x0,x1, . . . ,xt 2 Rn

future  is conditionally independent on past given  xt xt−1

Def:  A is conditionally independent on C given B iff p(A |B, C) = p(A |B)



past

future

measurement probability:

complete

…

Problem definition

<latexit sha1_base64="LlZ21fiy6+eXAqOpFDK1BnhhC/Q=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWakqMuCG91VsA/oDCWTZtrQTGZIMmIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cIBFcG8f5RqW19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesbbgRrJcoRqJAsG4wucn97iNTmsfywUwT5kdkJHnIKTFW8ryImHEQZk+zgTOo1py6MwdeJW5BalCgNah+ecOYphGThgqidd91EuNnRBlOBZtVvFSzhNAJGbG+pZJETPvZPPMMn1lliMNY2ScNnqu/NzISaT2NAjuZZ9TLXi7+5/VTE177GZdJapiki0NhKrCJcV4AHnLFqBFTSwhV3GbFdEwUocbWVLEluMtfXiWdi7p7WW/cN2rNu6KOMpzAKZyDC1fQhFtoQRsoJPAMr/CGUvSC3tHHYrSEip1j+AP0+QMt5ZHP</latexit>x0

<latexit sha1_base64="q8eX0aG67aDYW5JS4O6Sx70sw1A=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuCG91VsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gunt7nfe6JSsUQ86llKgxiPBYsYwdpKvh9jPQmjzMyH3rBac+vuAmideAWpQYH2sPrljxJiYio04VipgeemOsiw1IxwOq/4RtEUkyke04GlAsdUBdki8xxdWGWEokTaJzRaqL83MhwrNYtDO5lnVKteLv7nDYyOboKMidRoKsjyUGQ40gnKC0AjJinRfGYJJpLZrIhMsMRE25oqtgRv9cvrpHtV95r1xkOj1rov6ijDGZzDJXhwDS24gzZ0gEAKz/AKb45xXpx352M5WnKKnVP4A+fzByrUkc0=</latexit>u1
<latexit sha1_base64="d09PjZDcl8y+DIhNWF049bHT7mY=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCF0siRT0WvOitgrWFNoTNdtMu3WzC7qZQQv6JFw+KePWfePPfuGlz0NaBhWHmPd7sBAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjJxWnktAOiXksewFWlDNBO5ppTnuJpDgKOO0Gk9vC706pVCwWj3qWUC/CI8FCRrA2km/bgwjrcRBmae5n+sLNfbvuNJw50CpxS1KHEm3f/hoMY5JGVGjCsVJ910m0l2GpGeE0rw1SRRNMJnhE+4YKHFHlZfPkOTozyhCFsTRPaDRXf29kOFJqFgVmssiplr1C/M/rpzq88TImklRTQRaHwpQjHaOiBjRkkhLNZ4ZgIpnJisgYS0y0KatmSnCXv7xKni4b7lWj+dCst+7LOqpwAqdwDi5cQwvuoA0dIDCFZ3iFNyuzXqx362MxWrHKnWP4A+vzB7jok78=</latexit>ut�1

<latexit sha1_base64="GiOelRdbuIGCu9OluClm5G3DZjk=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgRncV7APaWCbTSTt08mDmRikh/+HGhSJu/Rd3/o2TNgttPTBwOOde7pnjxVJotO1vq7Syura+Ud6sbG3v7O5V9w/aOkoU4y0WyUh1Paq5FCFvoUDJu7HiNPAk73iT69zvPHKlRRTe4zTmbkBHofAFo2ikh35Acez5aZINUswG1Zpdt2cgy8QpSA0KNAfVr/4wYknAQ2SSat1z7BjdlCoUTPKs0k80jymb0BHvGRrSgGs3naXOyIlRhsSPlHkhkpn6eyOlgdbTwDOTeUq96OXif14vQf/KTUUYJ8hDNj/kJ5JgRPIKyFAozlBODaFMCZOVsDFVlKEpqmJKcBa/vEzaZ3Xnon5+d15r3BZ1lOEIjuEUHLiEBtxAE1rAQMEzvMKb9WS9WO/Wx3y0ZBU7h/AH1ucPXPKTHA==</latexit>ut
<latexit sha1_base64="NyfuUNRI7EFcULQ9ltx39agd2Pk=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCIJREinoseNFbBWsLbQib7aZdutmE3U2hhPwTLx4U8eo/8ea/cdPmoK0DC8PMe7zZCRLOlHacb6uytr6xuVXdru3s7u0f2IdHTypOJaEdEvNY9gKsKGeCdjTTnPYSSXEUcNoNJreF351SqVgsHvUsoV6ER4KFjGBtJN+2BxHW4yDM0tzP9IWb+3bdaThzoFXilqQOJdq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXhukiiaYTPCI9g0VOKLKy+bJc3RmlCEKY2me0Giu/t7IcKTULArMZJFTLXuF+J/XT3V442VMJKmmgiwOhSlHOkZFDWjIJCWazwzBRDKTFZExlphoU1bNlOAuf3mVPF023KtG86FZb92XdVThBE7hHFy4hhbcQRs6QGAKz/AKb1ZmvVjv1sditGKVO8fwB9bnD7Xck70=</latexit>ut+1

<latexit sha1_base64="+gZaFMSaWUIoeiZUZ9k3d9VEa/I=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0UQhJJIUZcFN7qrYB/QhjKZTtqhk0mYuSmWkD9x40IRt/6JO//GSZuFth4YOJxzL/fM8WPBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/cpv7nSlTmkfyEWYx80IykjzglICRBrbdDwmM/SB9ygYpXLjZwK46NWcOvErcglRRgebA/uoPI5qETAIVROue68TgpUQBp4JllX6iWUzohIxYz1BJQqa9dJ48w2dGGeIgUuZJwHP190ZKQq1noW8m85x62cvF/7xeAsGNl3IZJ8AkXRwKEoEhwnkNeMgVoyBmhhCquMmK6ZgoQsGUVTEluMtfXiXty5p7Vas/1KuN+6KOMjpBp+gcuegaNdAdaqIWomiKntErerNS68V6tz4WoyWr2DlGf2B9/gC6fZPA</latexit>xt+1

<latexit sha1_base64="JNBhUtMAwb3LsNDpJ3u6yGZqXvo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRoi4LbnRXwT6gDWEynbRDJ5MwMynUkD9x40IRt/6JO//GaZuFth4YOJxzL/fMCRLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49uZ35lQqVgsHvU0oV6Eh4KFjGBtJN+2+xHWoyDMnnI/0xdu7ttVp+bMgVaJW5AqFGj69ld/EJM0okITjpXquU6ivQxLzQineaWfKppgMsZD2jNU4IgqL5snz9GZUQYojKV5QqO5+nsjw5FS0ygwk7Ocatmbif95vVSHN17GRJJqKsjiUJhypGM0qwENmKRE86khmEhmsiIywhITbcqqmBLc5S+vkvZlzb2q1R/q1cZ9UUcZTuAUzsGFa2jAHTShBQQm8Ayv8GZl1ov1bn0sRktWsXMMf2B9/gC9k5PC</latexit>zt+1
<latexit sha1_base64="zbkvF6bWrNTqH/tw7GL2VeXd2J0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXisv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWSfkyE=</latexit>zt

<latexit sha1_base64="Rtv27fvg17MIgvEGqADtQgrLO3E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXDsv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWGNkx8=</latexit>xt
<latexit sha1_base64="r4Etbzahov/TFYeC0rPP8Y9gEzY=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqMuCG91VsA9oQ5lMJ+3QySTM3BRLyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+LHgGhzn2yqtrW9sbpW3Kzu7e/sH9uFRW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uc39zpQpzSP5CLOYeSEZSR5wSsBIA9vuhwTGfpA+ZYMULtxsYFedmjMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDGS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Zc29qtUf6tXGfVFHGZ2gU3SOXHSNGugONVELUTRFz+gVvVmp9WK9Wx+L0ZJV7ByjP7A+fwC9iZPC</latexit>xt�1

<latexit sha1_base64="EQzLmQVF5SOQy6aQAhoSdM0bRUk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIUZcFN7qrYB/QhjCZTtqhk0mYmRRqyJ+4caGIW//EnX/jtM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8e3M70yoVCwWj3qaUC/CQ8FCRrA2km/b/QjrURBmT7mf6Qs39+2qU3PmQKvELUgVCjR9+6s/iEkaUaEJx0r1XCfRXoalZoTTvNJPFU0wGeMh7RkqcESVl82T5+jMKAMUxtI8odFc/b2R4UipaRSYyVlOtezNxP+8XqrDGy9jIkk1FWRxKEw50jGa1YAGTFKi+dQQTCQzWREZYYmJNmVVTAnu8pdXSfuy5l7V6g/1auO+qKMMJ3AK5+DCNTTgDprQAgITeIZXeLMy68V6tz4WoyWr2DmGP7A+fwDAn5PE</latexit>zt�1
<latexit sha1_base64="gSyfHuyDCZ/w2o438sWY6wq2yMI=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJkoN+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/7Bkt4=</latexit>z1

<latexit sha1_base64="BMEKeOKCRxNDySp4Yv5byEmCZh0=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJmoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/uvktw=</latexit>x1 …

States:  
<latexit sha1_base64="XBEhC9PAJ9xfcAg/sxU0HG6eD2s=">AAACMXicbVDLSgMxFM3UV62vqks3wSK4kDIjRV0W3NRdFfuAtpZMmmlDM5khuSOWYX7JjX8ibrpQxK0/Yabtog8PBM4995F7jxsKrsG2x1ZmbX1jcyu7ndvZ3ds/yB8e1XUQKcpqNBCBarpEM8ElqwEHwZqhYsR3BWu4w9s033hmSvNAPsIoZB2f9CX3OCVgpG6+0vYJDFwvfkm6sZ1c4PnYSeNeAHpRhgS3uZxKlIj4IXmSuW6+YBftCfAqcWakgGaodvPvZjSNfCaBCqJ1y7FD6MREAaeCJbl2pFlI6JD0WctQSXymO/Hk4gSfGaWHvUCZJwFP1PmOmPhaj3zXVKZb6uVcKv6Xa0Xg3XRiLsMImKTTj7xIYAhwah/uccUoiJEhhCpudsV0QBShYExOTXCWT14l9cuic1Us3ZcK5buZHVl0gk7ROXLQNSqjCqqiGqLoFX2gT/RlvVlj69v6mZZmrFnPMVqA9fsHSbiq4g==</latexit>

x0,x1, . . . ,xt 2 Rn

Def:  A and B are conditionally independent given C iff
<latexit sha1_base64="yujAEDb3AfkFWUeEAZf5qtgKshM=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL0IKUGSnqRqh2o7sK9gLtUDJppg3NXEgyYql9FTcuFHHri7jzbcy0s9DWHwIf/zmHc/K7EWdSWda3kVlZXVvfyG7mtrZ3dvfM/XxThrEgtEFCHoq2iyXlLKANxRSn7UhQ7LucttxRLam3HqiQLAzu1Tiijo8HAfMYwUpbPTMfFa+erk9qJXSJEqyVcj2zYJWtmdAy2CkUIFW9Z351+yGJfRoowrGUHduKlDPBQjHC6TTXjSWNMBnhAe1oDLBPpTOZ3T5Fx9rpIy8U+gUKzdzfExPsSzn2Xd3pYzWUi7XE/K/WiZV34UxYEMWKBmS+yIs5UiFKgkB9JihRfKwBE8H0rYgMscBE6biSEOzFLy9D87Rsn5Urd5VC9TaNIwuHcARFsOEcqnADdWgAgUd4hld4M6bGi/FufMxbM0Y6cwB/ZHz+AA99keY=</latexit>

p(A|B,C) = p(A|C)

Def:  State      is complete iff future is conditionally independent on past given <latexit sha1_base64="Rtv27fvg17MIgvEGqADtQgrLO3E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXDsv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWGNkx8=</latexit>xt
<latexit sha1_base64="Rtv27fvg17MIgvEGqADtQgrLO3E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXDsv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWGNkx8=</latexit>xt

Consequences:
<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)



…

Problem definition

<latexit sha1_base64="LlZ21fiy6+eXAqOpFDK1BnhhC/Q=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWakqMuCG91VsA/oDCWTZtrQTGZIMmIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cIBFcG8f5RqW19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesbbgRrJcoRqJAsG4wucn97iNTmsfywUwT5kdkJHnIKTFW8ryImHEQZk+zgTOo1py6MwdeJW5BalCgNah+ecOYphGThgqidd91EuNnRBlOBZtVvFSzhNAJGbG+pZJETPvZPPMMn1lliMNY2ScNnqu/NzISaT2NAjuZZ9TLXi7+5/VTE177GZdJapiki0NhKrCJcV4AHnLFqBFTSwhV3GbFdEwUocbWVLEluMtfXiWdi7p7WW/cN2rNu6KOMpzAKZyDC1fQhFtoQRsoJPAMr/CGUvSC3tHHYrSEip1j+AP0+QMt5ZHP</latexit>x0

<latexit sha1_base64="q8eX0aG67aDYW5JS4O6Sx70sw1A=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuCG91VsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gunt7nfe6JSsUQ86llKgxiPBYsYwdpKvh9jPQmjzMyH3rBac+vuAmideAWpQYH2sPrljxJiYio04VipgeemOsiw1IxwOq/4RtEUkyke04GlAsdUBdki8xxdWGWEokTaJzRaqL83MhwrNYtDO5lnVKteLv7nDYyOboKMidRoKsjyUGQ40gnKC0AjJinRfGYJJpLZrIhMsMRE25oqtgRv9cvrpHtV95r1xkOj1rov6ijDGZzDJXhwDS24gzZ0gEAKz/AKb45xXpx352M5WnKKnVP4A+fzByrUkc0=</latexit>u1
<latexit sha1_base64="d09PjZDcl8y+DIhNWF049bHT7mY=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCF0siRT0WvOitgrWFNoTNdtMu3WzC7qZQQv6JFw+KePWfePPfuGlz0NaBhWHmPd7sBAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjJxWnktAOiXksewFWlDNBO5ppTnuJpDgKOO0Gk9vC706pVCwWj3qWUC/CI8FCRrA2km/bgwjrcRBmae5n+sLNfbvuNJw50CpxS1KHEm3f/hoMY5JGVGjCsVJ910m0l2GpGeE0rw1SRRNMJnhE+4YKHFHlZfPkOTozyhCFsTRPaDRXf29kOFJqFgVmssiplr1C/M/rpzq88TImklRTQRaHwpQjHaOiBjRkkhLNZ4ZgIpnJisgYS0y0KatmSnCXv7xKni4b7lWj+dCst+7LOqpwAqdwDi5cQwvuoA0dIDCFZ3iFNyuzXqx362MxWrHKnWP4A+vzB7jok78=</latexit>ut�1

<latexit sha1_base64="GiOelRdbuIGCu9OluClm5G3DZjk=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgRncV7APaWCbTSTt08mDmRikh/+HGhSJu/Rd3/o2TNgttPTBwOOde7pnjxVJotO1vq7Syura+Ud6sbG3v7O5V9w/aOkoU4y0WyUh1Paq5FCFvoUDJu7HiNPAk73iT69zvPHKlRRTe4zTmbkBHofAFo2ikh35Acez5aZINUswG1Zpdt2cgy8QpSA0KNAfVr/4wYknAQ2SSat1z7BjdlCoUTPKs0k80jymb0BHvGRrSgGs3naXOyIlRhsSPlHkhkpn6eyOlgdbTwDOTeUq96OXif14vQf/KTUUYJ8hDNj/kJ5JgRPIKyFAozlBODaFMCZOVsDFVlKEpqmJKcBa/vEzaZ3Xnon5+d15r3BZ1lOEIjuEUHLiEBtxAE1rAQMEzvMKb9WS9WO/Wx3y0ZBU7h/AH1ucPXPKTHA==</latexit>ut
<latexit sha1_base64="NyfuUNRI7EFcULQ9ltx39agd2Pk=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCIJREinoseNFbBWsLbQib7aZdutmE3U2hhPwTLx4U8eo/8ea/cdPmoK0DC8PMe7zZCRLOlHacb6uytr6xuVXdru3s7u0f2IdHTypOJaEdEvNY9gKsKGeCdjTTnPYSSXEUcNoNJreF351SqVgsHvUsoV6ER4KFjGBtJN+2BxHW4yDM0tzP9IWb+3bdaThzoFXilqQOJdq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXhukiiaYTPCI9g0VOKLKy+bJc3RmlCEKY2me0Giu/t7IcKTULArMZJFTLXuF+J/XT3V442VMJKmmgiwOhSlHOkZFDWjIJCWazwzBRDKTFZExlphoU1bNlOAuf3mVPF023KtG86FZb92XdVThBE7hHFy4hhbcQRs6QGAKz/AKb1ZmvVjv1sditGKVO8fwB9bnD7Xck70=</latexit>ut+1

<latexit sha1_base64="+gZaFMSaWUIoeiZUZ9k3d9VEa/I=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0UQhJJIUZcFN7qrYB/QhjKZTtqhk0mYuSmWkD9x40IRt/6JO//GSZuFth4YOJxzL/fM8WPBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/cpv7nSlTmkfyEWYx80IykjzglICRBrbdDwmM/SB9ygYpXLjZwK46NWcOvErcglRRgebA/uoPI5qETAIVROue68TgpUQBp4JllX6iWUzohIxYz1BJQqa9dJ48w2dGGeIgUuZJwHP190ZKQq1noW8m85x62cvF/7xeAsGNl3IZJ8AkXRwKEoEhwnkNeMgVoyBmhhCquMmK6ZgoQsGUVTEluMtfXiXty5p7Vas/1KuN+6KOMjpBp+gcuegaNdAdaqIWomiKntErerNS68V6tz4WoyWr2DlGf2B9/gC6fZPA</latexit>xt+1

<latexit sha1_base64="JNBhUtMAwb3LsNDpJ3u6yGZqXvo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRoi4LbnRXwT6gDWEynbRDJ5MwMynUkD9x40IRt/6JO//GaZuFth4YOJxzL/fMCRLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49uZ35lQqVgsHvU0oV6Eh4KFjGBtJN+2+xHWoyDMnnI/0xdu7ttVp+bMgVaJW5AqFGj69ld/EJM0okITjpXquU6ivQxLzQineaWfKppgMsZD2jNU4IgqL5snz9GZUQYojKV5QqO5+nsjw5FS0ygwk7Ocatmbif95vVSHN17GRJJqKsjiUJhypGM0qwENmKRE86khmEhmsiIywhITbcqqmBLc5S+vkvZlzb2q1R/q1cZ9UUcZTuAUzsGFa2jAHTShBQQm8Ayv8GZl1ov1bn0sRktWsXMMf2B9/gC9k5PC</latexit>zt+1
<latexit sha1_base64="zbkvF6bWrNTqH/tw7GL2VeXd2J0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXisv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWSfkyE=</latexit>zt

<latexit sha1_base64="Rtv27fvg17MIgvEGqADtQgrLO3E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXDsv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWGNkx8=</latexit>xt
<latexit sha1_base64="r4Etbzahov/TFYeC0rPP8Y9gEzY=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqMuCG91VsA9oQ5lMJ+3QySTM3BRLyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+LHgGhzn2yqtrW9sbpW3Kzu7e/sH9uFRW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uc39zpQpzSP5CLOYeSEZSR5wSsBIA9vuhwTGfpA+ZYMULtxsYFedmjMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDGS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Zc29qtUf6tXGfVFHGZ2gU3SOXHSNGugONVELUTRFz+gVvVmp9WK9Wx+L0ZJV7ByjP7A+fwC9iZPC</latexit>xt�1

<latexit sha1_base64="EQzLmQVF5SOQy6aQAhoSdM0bRUk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIUZcFN7qrYB/QhjCZTtqhk0mYmRRqyJ+4caGIW//EnX/jtM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8e3M70yoVCwWj3qaUC/CQ8FCRrA2km/b/QjrURBmT7mf6Qs39+2qU3PmQKvELUgVCjR9+6s/iEkaUaEJx0r1XCfRXoalZoTTvNJPFU0wGeMh7RkqcESVl82T5+jMKAMUxtI8odFc/b2R4UipaRSYyVlOtezNxP+8XqrDGy9jIkk1FWRxKEw50jGa1YAGTFKi+dQQTCQzWREZYYmJNmVVTAnu8pdXSfuy5l7V6g/1auO+qKMMJ3AK5+DCNTTgDprQAgITeIZXeLMy68V6tz4WoyWr2DmGP7A+fwDAn5PE</latexit>zt�1
<latexit sha1_base64="gSyfHuyDCZ/w2o438sWY6wq2yMI=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJkoN+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/7Bkt4=</latexit>z1

<latexit sha1_base64="BMEKeOKCRxNDySp4Yv5byEmCZh0=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJmoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/uvktw=</latexit>x1 …

Def:  A and B are conditionally independent given C iff
<latexit sha1_base64="yujAEDb3AfkFWUeEAZf5qtgKshM=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL0IKUGSnqRqh2o7sK9gLtUDJppg3NXEgyYql9FTcuFHHri7jzbcy0s9DWHwIf/zmHc/K7EWdSWda3kVlZXVvfyG7mtrZ3dvfM/XxThrEgtEFCHoq2iyXlLKANxRSn7UhQ7LucttxRLam3HqiQLAzu1Tiijo8HAfMYwUpbPTMfFa+erk9qJXSJEqyVcj2zYJWtmdAy2CkUIFW9Z351+yGJfRoowrGUHduKlDPBQjHC6TTXjSWNMBnhAe1oDLBPpTOZ3T5Fx9rpIy8U+gUKzdzfExPsSzn2Xd3pYzWUi7XE/K/WiZV34UxYEMWKBmS+yIs5UiFKgkB9JihRfKwBE8H0rYgMscBE6biSEOzFLy9D87Rsn5Urd5VC9TaNIwuHcARFsOEcqnADdWgAgUd4hld4M6bGi/FufMxbM0Y6cwB/ZHz+AA99keY=</latexit>

p(A|B,C) = p(A|C)

Def:  State      is complete iff future is conditionally independent on past given <latexit sha1_base64="Rtv27fvg17MIgvEGqADtQgrLO3E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXDsv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWGNkx8=</latexit>xt
<latexit sha1_base64="Rtv27fvg17MIgvEGqADtQgrLO3E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXDsv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWGNkx8=</latexit>xt

past future

Consequences:
measurement probability:
state-transition probability:

complete

<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

Complete states:  
<latexit sha1_base64="XBEhC9PAJ9xfcAg/sxU0HG6eD2s=">AAACMXicbVDLSgMxFM3UV62vqks3wSK4kDIjRV0W3NRdFfuAtpZMmmlDM5khuSOWYX7JjX8ibrpQxK0/Yabtog8PBM4995F7jxsKrsG2x1ZmbX1jcyu7ndvZ3ds/yB8e1XUQKcpqNBCBarpEM8ElqwEHwZqhYsR3BWu4w9s033hmSvNAPsIoZB2f9CX3OCVgpG6+0vYJDFwvfkm6sZ1c4PnYSeNeAHpRhgS3uZxKlIj4IXmSuW6+YBftCfAqcWakgGaodvPvZjSNfCaBCqJ1y7FD6MREAaeCJbl2pFlI6JD0WctQSXymO/Hk4gSfGaWHvUCZJwFP1PmOmPhaj3zXVKZb6uVcKv6Xa0Xg3XRiLsMImKTTj7xIYAhwah/uccUoiJEhhCpudsV0QBShYExOTXCWT14l9cuic1Us3ZcK5buZHVl0gk7ROXLQNSqjCqqiGqLoFX2gT/RlvVlj69v6mZZmrFnPMVqA9fsHSbiq4g==</latexit>

x0,x1, . . . ,xt 2 Rn



Φ6(x1, x2)

Φ3(x3)

Factor graph

Φ4(x1, x2) Φ5(x2, x3)

Def: Factor graph is bipartite graph  with  
Two types of nodes: factors          and      variables .  
Edges  are always between factor nodes and variable nodes.

𝒢 = {𝒰, 𝒱, ℰ}
Φi ∈ 𝒰 xj ∈ 𝒱

eij ∈ ℰ

Φ1(x1)
Φ2(x2)

Φ7(x2, x3)

Φ8(x1, x2, x3) … e.g. ternary factor

x1

x2

x3



<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)measurement probability:

state-transition probability:
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

Φ3(x3)

Factor graph

Φ4(x1, x2) Φ5(x2, x3)

Def: Factor graph is bipartite graph  with  
Two types of nodes: factors          and      variables .  
Edges  are always between factor nodes and variable nodes.

𝒢 = {𝒰, 𝒱, ℰ}
Φi ∈ 𝒰 xj ∈ 𝒱

eij ∈ ℰ

Φ1(x1)
Φ2(x2)

x1

x2

x3



…

Bayes filter

<latexit sha1_base64="LlZ21fiy6+eXAqOpFDK1BnhhC/Q=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWakqMuCG91VsA/oDCWTZtrQTGZIMmIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cIBFcG8f5RqW19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesbbgRrJcoRqJAsG4wucn97iNTmsfywUwT5kdkJHnIKTFW8ryImHEQZk+zgTOo1py6MwdeJW5BalCgNah+ecOYphGThgqidd91EuNnRBlOBZtVvFSzhNAJGbG+pZJETPvZPPMMn1lliMNY2ScNnqu/NzISaT2NAjuZZ9TLXi7+5/VTE177GZdJapiki0NhKrCJcV4AHnLFqBFTSwhV3GbFdEwUocbWVLEluMtfXiWdi7p7WW/cN2rNu6KOMpzAKZyDC1fQhFtoQRsoJPAMr/CGUvSC3tHHYrSEip1j+AP0+QMt5ZHP</latexit>x0

<latexit sha1_base64="q8eX0aG67aDYW5JS4O6Sx70sw1A=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuCG91VsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gunt7nfe6JSsUQ86llKgxiPBYsYwdpKvh9jPQmjzMyH3rBac+vuAmideAWpQYH2sPrljxJiYio04VipgeemOsiw1IxwOq/4RtEUkyke04GlAsdUBdki8xxdWGWEokTaJzRaqL83MhwrNYtDO5lnVKteLv7nDYyOboKMidRoKsjyUGQ40gnKC0AjJinRfGYJJpLZrIhMsMRE25oqtgRv9cvrpHtV95r1xkOj1rov6ijDGZzDJXhwDS24gzZ0gEAKz/AKb45xXpx352M5WnKKnVP4A+fzByrUkc0=</latexit>u1
<latexit sha1_base64="d09PjZDcl8y+DIhNWF049bHT7mY=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCF0siRT0WvOitgrWFNoTNdtMu3WzC7qZQQv6JFw+KePWfePPfuGlz0NaBhWHmPd7sBAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjJxWnktAOiXksewFWlDNBO5ppTnuJpDgKOO0Gk9vC706pVCwWj3qWUC/CI8FCRrA2km/bgwjrcRBmae5n+sLNfbvuNJw50CpxS1KHEm3f/hoMY5JGVGjCsVJ910m0l2GpGeE0rw1SRRNMJnhE+4YKHFHlZfPkOTozyhCFsTRPaDRXf29kOFJqFgVmssiplr1C/M/rpzq88TImklRTQRaHwpQjHaOiBjRkkhLNZ4ZgIpnJisgYS0y0KatmSnCXv7xKni4b7lWj+dCst+7LOqpwAqdwDi5cQwvuoA0dIDCFZ3iFNyuzXqx362MxWrHKnWP4A+vzB7jok78=</latexit>ut�1

<latexit sha1_base64="GiOelRdbuIGCu9OluClm5G3DZjk=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgRncV7APaWCbTSTt08mDmRikh/+HGhSJu/Rd3/o2TNgttPTBwOOde7pnjxVJotO1vq7Syura+Ud6sbG3v7O5V9w/aOkoU4y0WyUh1Paq5FCFvoUDJu7HiNPAk73iT69zvPHKlRRTe4zTmbkBHofAFo2ikh35Acez5aZINUswG1Zpdt2cgy8QpSA0KNAfVr/4wYknAQ2SSat1z7BjdlCoUTPKs0k80jymb0BHvGRrSgGs3naXOyIlRhsSPlHkhkpn6eyOlgdbTwDOTeUq96OXif14vQf/KTUUYJ8hDNj/kJ5JgRPIKyFAozlBODaFMCZOVsDFVlKEpqmJKcBa/vEzaZ3Xnon5+d15r3BZ1lOEIjuEUHLiEBtxAE1rAQMEzvMKb9WS9WO/Wx3y0ZBU7h/AH1ucPXPKTHA==</latexit>ut
<latexit sha1_base64="NyfuUNRI7EFcULQ9ltx39agd2Pk=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCIJREinoseNFbBWsLbQib7aZdutmE3U2hhPwTLx4U8eo/8ea/cdPmoK0DC8PMe7zZCRLOlHacb6uytr6xuVXdru3s7u0f2IdHTypOJaEdEvNY9gKsKGeCdjTTnPYSSXEUcNoNJreF351SqVgsHvUsoV6ER4KFjGBtJN+2BxHW4yDM0tzP9IWb+3bdaThzoFXilqQOJdq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXhukiiaYTPCI9g0VOKLKy+bJc3RmlCEKY2me0Giu/t7IcKTULArMZJFTLXuF+J/XT3V442VMJKmmgiwOhSlHOkZFDWjIJCWazwzBRDKTFZExlphoU1bNlOAuf3mVPF023KtG86FZb92XdVThBE7hHFy4hhbcQRs6QGAKz/AKb1ZmvVjv1sditGKVO8fwB9bnD7Xck70=</latexit>ut+1

<latexit sha1_base64="+gZaFMSaWUIoeiZUZ9k3d9VEa/I=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0UQhJJIUZcFN7qrYB/QhjKZTtqhk0mYuSmWkD9x40IRt/6JO//GSZuFth4YOJxzL/fM8WPBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/cpv7nSlTmkfyEWYx80IykjzglICRBrbdDwmM/SB9ygYpXLjZwK46NWcOvErcglRRgebA/uoPI5qETAIVROue68TgpUQBp4JllX6iWUzohIxYz1BJQqa9dJ48w2dGGeIgUuZJwHP190ZKQq1noW8m85x62cvF/7xeAsGNl3IZJ8AkXRwKEoEhwnkNeMgVoyBmhhCquMmK6ZgoQsGUVTEluMtfXiXty5p7Vas/1KuN+6KOMjpBp+gcuegaNdAdaqIWomiKntErerNS68V6tz4WoyWr2DlGf2B9/gC6fZPA</latexit>xt+1

<latexit sha1_base64="JNBhUtMAwb3LsNDpJ3u6yGZqXvo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRoi4LbnRXwT6gDWEynbRDJ5MwMynUkD9x40IRt/6JO//GaZuFth4YOJxzL/fMCRLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49uZ35lQqVgsHvU0oV6Eh4KFjGBtJN+2+xHWoyDMnnI/0xdu7ttVp+bMgVaJW5AqFGj69ld/EJM0okITjpXquU6ivQxLzQineaWfKppgMsZD2jNU4IgqL5snz9GZUQYojKV5QqO5+nsjw5FS0ygwk7Ocatmbif95vVSHN17GRJJqKsjiUJhypGM0qwENmKRE86khmEhmsiIywhITbcqqmBLc5S+vkvZlzb2q1R/q1cZ9UUcZTuAUzsGFa2jAHTShBQQm8Ayv8GZl1ov1bn0sRktWsXMMf2B9/gC9k5PC</latexit>zt+1
<latexit sha1_base64="zbkvF6bWrNTqH/tw7GL2VeXd2J0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXisv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWSfkyE=</latexit>zt

<latexit sha1_base64="Rtv27fvg17MIgvEGqADtQgrLO3E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXDsv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWGNkx8=</latexit>xt
<latexit sha1_base64="r4Etbzahov/TFYeC0rPP8Y9gEzY=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqMuCG91VsA9oQ5lMJ+3QySTM3BRLyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+LHgGhzn2yqtrW9sbpW3Kzu7e/sH9uFRW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uc39zpQpzSP5CLOYeSEZSR5wSsBIA9vuhwTGfpA+ZYMULtxsYFedmjMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDGS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Zc29qtUf6tXGfVFHGZ2gU3SOXHSNGugONVELUTRFz+gVvVmp9WK9Wx+L0ZJV7ByjP7A+fwC9iZPC</latexit>xt�1

<latexit sha1_base64="EQzLmQVF5SOQy6aQAhoSdM0bRUk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIUZcFN7qrYB/QhjCZTtqhk0mYmRRqyJ+4caGIW//EnX/jtM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8e3M70yoVCwWj3qaUC/CQ8FCRrA2km/b/QjrURBmT7mf6Qs39+2qU3PmQKvELUgVCjR9+6s/iEkaUaEJx0r1XCfRXoalZoTTvNJPFU0wGeMh7RkqcESVl82T5+jMKAMUxtI8odFc/b2R4UipaRSYyVlOtezNxP+8XqrDGy9jIkk1FWRxKEw50jGa1YAGTFKi+dQQTCQzWREZYYmJNmVVTAnu8pdXSfuy5l7V6g/1auO+qKMMJ3AK5+DCNTTgDprQAgITeIZXeLMy68V6tz4WoyWr2DmGP7A+fwDAn5PE</latexit>zt�1
<latexit sha1_base64="gSyfHuyDCZ/w2o438sWY6wq2yMI=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJkoN+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/7Bkt4=</latexit>z1

<latexit sha1_base64="BMEKeOKCRxNDySp4Yv5byEmCZh0=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJmoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/uvktw=</latexit>x1 …

Consequences:
measurement probability:
state-transition probability:

Posterior belief

<latexit sha1_base64="2zScSS11gS65lvTa5dI5k0wFg7U="></latexit>

bel(xt) = p(xt|z0:t,u1:t)

We don’t have access to states - only measurements and actions are known<latexit sha1_base64="SC+Th8XUKtLDpLJ3UNZ8dhZ7c88=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwUUoiRV0W3Oiugn1AG8pkOmmHTh7M3Ag15Efc+CtuXCjiwo34N07aCLX1wsC559zD3HvcSHAFlvVtFFZW19Y3ipulre2d3T1z/6ClwlhS1qShCGXHJYoJHrAmcBCsE0lGfFewtju+yvT2PZOKh8EdTCLm+GQYcI9TAprqm7WeT2DkeslD2k+stIJ/+1j3dlqZl+1MHoSg+mbZqlrTwsvAzkEZ5dXom5/aR2OfBUAFUaprWxE4CZHAqWBpqRcrFhE6JkPW1TAgPlNOMr0uxSeaGWAvlPoFgKfsvCMhvlIT39WT2bJqUcvI/7RuDN6lk/AgioEFdPaRFwsMIc6iwgMuGQUx0YBQyfWumI6IJBR0oCUdgr148jJonVXt82rttlau3+RxFNEROkanyEYXqI6uUQM1EUWP6Bm9ojfjyXgx3o2P2WjByD2H6E8ZXz+xH6Lv</latexit>z0,u1, z1, . . .

known

<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

<latexit sha1_base64="zNaTxEgekWB2zPT77IP2jLGQw/E="></latexit>

bel(xt) = p(xt|z1:t,u1:t) (prob. distr. of current state only)



known

…

Bayes filter

<latexit sha1_base64="LlZ21fiy6+eXAqOpFDK1BnhhC/Q=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWakqMuCG91VsA/oDCWTZtrQTGZIMmIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cIBFcG8f5RqW19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesbbgRrJcoRqJAsG4wucn97iNTmsfywUwT5kdkJHnIKTFW8ryImHEQZk+zgTOo1py6MwdeJW5BalCgNah+ecOYphGThgqidd91EuNnRBlOBZtVvFSzhNAJGbG+pZJETPvZPPMMn1lliMNY2ScNnqu/NzISaT2NAjuZZ9TLXi7+5/VTE177GZdJapiki0NhKrCJcV4AHnLFqBFTSwhV3GbFdEwUocbWVLEluMtfXiWdi7p7WW/cN2rNu6KOMpzAKZyDC1fQhFtoQRsoJPAMr/CGUvSC3tHHYrSEip1j+AP0+QMt5ZHP</latexit>x0

<latexit sha1_base64="q8eX0aG67aDYW5JS4O6Sx70sw1A=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuCG91VsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gunt7nfe6JSsUQ86llKgxiPBYsYwdpKvh9jPQmjzMyH3rBac+vuAmideAWpQYH2sPrljxJiYio04VipgeemOsiw1IxwOq/4RtEUkyke04GlAsdUBdki8xxdWGWEokTaJzRaqL83MhwrNYtDO5lnVKteLv7nDYyOboKMidRoKsjyUGQ40gnKC0AjJinRfGYJJpLZrIhMsMRE25oqtgRv9cvrpHtV95r1xkOj1rov6ijDGZzDJXhwDS24gzZ0gEAKz/AKb45xXpx352M5WnKKnVP4A+fzByrUkc0=</latexit>u1
<latexit sha1_base64="d09PjZDcl8y+DIhNWF049bHT7mY=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCF0siRT0WvOitgrWFNoTNdtMu3WzC7qZQQv6JFw+KePWfePPfuGlz0NaBhWHmPd7sBAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjJxWnktAOiXksewFWlDNBO5ppTnuJpDgKOO0Gk9vC706pVCwWj3qWUC/CI8FCRrA2km/bgwjrcRBmae5n+sLNfbvuNJw50CpxS1KHEm3f/hoMY5JGVGjCsVJ910m0l2GpGeE0rw1SRRNMJnhE+4YKHFHlZfPkOTozyhCFsTRPaDRXf29kOFJqFgVmssiplr1C/M/rpzq88TImklRTQRaHwpQjHaOiBjRkkhLNZ4ZgIpnJisgYS0y0KatmSnCXv7xKni4b7lWj+dCst+7LOqpwAqdwDi5cQwvuoA0dIDCFZ3iFNyuzXqx362MxWrHKnWP4A+vzB7jok78=</latexit>ut�1

<latexit sha1_base64="GiOelRdbuIGCu9OluClm5G3DZjk=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgRncV7APaWCbTSTt08mDmRikh/+HGhSJu/Rd3/o2TNgttPTBwOOde7pnjxVJotO1vq7Syura+Ud6sbG3v7O5V9w/aOkoU4y0WyUh1Paq5FCFvoUDJu7HiNPAk73iT69zvPHKlRRTe4zTmbkBHofAFo2ikh35Acez5aZINUswG1Zpdt2cgy8QpSA0KNAfVr/4wYknAQ2SSat1z7BjdlCoUTPKs0k80jymb0BHvGRrSgGs3naXOyIlRhsSPlHkhkpn6eyOlgdbTwDOTeUq96OXif14vQf/KTUUYJ8hDNj/kJ5JgRPIKyFAozlBODaFMCZOVsDFVlKEpqmJKcBa/vEzaZ3Xnon5+d15r3BZ1lOEIjuEUHLiEBtxAE1rAQMEzvMKb9WS9WO/Wx3y0ZBU7h/AH1ucPXPKTHA==</latexit>ut
<latexit sha1_base64="NyfuUNRI7EFcULQ9ltx39agd2Pk=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCIJREinoseNFbBWsLbQib7aZdutmE3U2hhPwTLx4U8eo/8ea/cdPmoK0DC8PMe7zZCRLOlHacb6uytr6xuVXdru3s7u0f2IdHTypOJaEdEvNY9gKsKGeCdjTTnPYSSXEUcNoNJreF351SqVgsHvUsoV6ER4KFjGBtJN+2BxHW4yDM0tzP9IWb+3bdaThzoFXilqQOJdq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXhukiiaYTPCI9g0VOKLKy+bJc3RmlCEKY2me0Giu/t7IcKTULArMZJFTLXuF+J/XT3V442VMJKmmgiwOhSlHOkZFDWjIJCWazwzBRDKTFZExlphoU1bNlOAuf3mVPF023KtG86FZb92XdVThBE7hHFy4hhbcQRs6QGAKz/AKb1ZmvVjv1sditGKVO8fwB9bnD7Xck70=</latexit>ut+1

<latexit sha1_base64="+gZaFMSaWUIoeiZUZ9k3d9VEa/I=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0UQhJJIUZcFN7qrYB/QhjKZTtqhk0mYuSmWkD9x40IRt/6JO//GSZuFth4YOJxzL/fM8WPBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/cpv7nSlTmkfyEWYx80IykjzglICRBrbdDwmM/SB9ygYpXLjZwK46NWcOvErcglRRgebA/uoPI5qETAIVROue68TgpUQBp4JllX6iWUzohIxYz1BJQqa9dJ48w2dGGeIgUuZJwHP190ZKQq1noW8m85x62cvF/7xeAsGNl3IZJ8AkXRwKEoEhwnkNeMgVoyBmhhCquMmK6ZgoQsGUVTEluMtfXiXty5p7Vas/1KuN+6KOMjpBp+gcuegaNdAdaqIWomiKntErerNS68V6tz4WoyWr2DlGf2B9/gC6fZPA</latexit>xt+1

<latexit sha1_base64="JNBhUtMAwb3LsNDpJ3u6yGZqXvo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCWRoi4LbnRXwT6gDWEynbRDJ5MwMynUkD9x40IRt/6JO//GaZuFth4YOJxzL/fMCRLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49uZ35lQqVgsHvU0oV6Eh4KFjGBtJN+2+xHWoyDMnnI/0xdu7ttVp+bMgVaJW5AqFGj69ld/EJM0okITjpXquU6ivQxLzQineaWfKppgMsZD2jNU4IgqL5snz9GZUQYojKV5QqO5+nsjw5FS0ygwk7Ocatmbif95vVSHN17GRJJqKsjiUJhypGM0qwENmKRE86khmEhmsiIywhITbcqqmBLc5S+vkvZlzb2q1R/q1cZ9UUcZTuAUzsGFa2jAHTShBQQm8Ayv8GZl1ov1bn0sRktWsXMMf2B9/gC9k5PC</latexit>zt+1
<latexit sha1_base64="zbkvF6bWrNTqH/tw7GL2VeXd2J0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXisv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWSfkyE=</latexit>zt

<latexit sha1_base64="Rtv27fvg17MIgvEGqADtQgrLO3E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QxDA7mU2GzD6Y6VXDsv/hxYMiXv0Xb/6Ns8keNLFgoKjqpmvKjaTQaNvfVmFldW19o7hZ2tre2d0r7x+0dBgrxpsslKHquFRzKQLeRIGSdyLFqe9K3nYnV5nffuBKizC4w2nE+z4dBcITjKKR7ns+xbHrJU/pIMF0UK7YVXsGskycnFQgR2NQ/uoNQxb7PEAmqdZdx46wn1CFgkmelnqx5hFlEzriXUMD6nPdT2apU3JilCHxQmVegGSm/t5IqK/11HfNZJZSL3qZ+J/XjdG77CciiGLkAZsf8mJJMCRZBWQoFGcop4ZQpoTJStiYKsrQFFUyJTiLX14mrbOqc16t3dYq9Zu8jiIcwTGcggMXUIdraEATGCh4hld4sx6tF+vd+piPFqx85xD+wPr8AWGNkx8=</latexit>xt
<latexit sha1_base64="r4Etbzahov/TFYeC0rPP8Y9gEzY=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqMuCG91VsA9oQ5lMJ+3QySTM3BRLyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+LHgGhzn2yqtrW9sbpW3Kzu7e/sH9uFRW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uc39zpQpzSP5CLOYeSEZSR5wSsBIA9vuhwTGfpA+ZYMULtxsYFedmjMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDGS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Zc29qtUf6tXGfVFHGZ2gU3SOXHSNGugONVELUTRFz+gVvVmp9WK9Wx+L0ZJV7ByjP7A+fwC9iZPC</latexit>xt�1

<latexit sha1_base64="EQzLmQVF5SOQy6aQAhoSdM0bRUk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIUZcFN7qrYB/QhjCZTtqhk0mYmRRqyJ+4caGIW//EnX/jtM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8e3M70yoVCwWj3qaUC/CQ8FCRrA2km/b/QjrURBmT7mf6Qs39+2qU3PmQKvELUgVCjR9+6s/iEkaUaEJx0r1XCfRXoalZoTTvNJPFU0wGeMh7RkqcESVl82T5+jMKAMUxtI8odFc/b2R4UipaRSYyVlOtezNxP+8XqrDGy9jIkk1FWRxKEw50jGa1YAGTFKi+dQQTCQzWREZYYmJNmVVTAnu8pdXSfuy5l7V6g/1auO+qKMMJ3AK5+DCNTTgDprQAgITeIZXeLMy68V6tz4WoyWr2DmGP7A+fwDAn5PE</latexit>zt�1
<latexit sha1_base64="gSyfHuyDCZ/w2o438sWY6wq2yMI=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJkoN+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/7Bkt4=</latexit>z1

<latexit sha1_base64="BMEKeOKCRxNDySp4Yv5byEmCZh0=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJmoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/uvktw=</latexit>x1 …

Consequences:
measurement probability:
state-transition probability:

We don’t have access to states - only measurements and actions are known

Belief
<latexit sha1_base64="zMzIOGb2q2qg742RtwZBamR8P7o="></latexit>

bel(xt) = p(xt|z0:t�1,u1:t)

Posterior belief
<latexit sha1_base64="zNaTxEgekWB2zPT77IP2jLGQw/E="></latexit>

bel(xt) = p(xt|z1:t,u1:t)
<latexit sha1_base64="WiGBbmbXKxj4at/yF9CNLhFYkFw="></latexit>

bel(xt) = p(xt|z1:t�1,u1:t)

<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)
<latexit sha1_base64="SC+Th8XUKtLDpLJ3UNZ8dhZ7c88=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwUUoiRV0W3Oiugn1AG8pkOmmHTh7M3Ag15Efc+CtuXCjiwo34N07aCLX1wsC559zD3HvcSHAFlvVtFFZW19Y3ipulre2d3T1z/6ClwlhS1qShCGXHJYoJHrAmcBCsE0lGfFewtju+yvT2PZOKh8EdTCLm+GQYcI9TAprqm7WeT2DkeslD2k+stIJ/+1j3dlqZl+1MHoSg+mbZqlrTwsvAzkEZ5dXom5/aR2OfBUAFUaprWxE4CZHAqWBpqRcrFhE6JkPW1TAgPlNOMr0uxSeaGWAvlPoFgKfsvCMhvlIT39WT2bJqUcvI/7RuDN6lk/AgioEFdPaRFwsMIc6iwgMuGQUx0YBQyfWumI6IJBR0oCUdgr148jJonVXt82rttlau3+RxFNEROkanyEYXqI6uUQM1EUWP6Bm9ojfjyXgx3o2P2WjByD2H6E8ZXz+xH6Lv</latexit>z0,u1, z1, . . .

(prob. distr. of current state only)



Bayes filter - derivation
Consequences:

measurement probability:
state-transition probability:

<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM=">AAAFp3icvVRfaxNBEN+2d1rjv1QffVmMhQY03ElREQoFX9QXKzZpIBfC3t5eu3Tv9tidk6brfTS/hG9+G/eupySXNFERBxZmZuc385uBmTATXIPnfd/Y3HLcGze3b7Vu37l7735758FAy1xR1qdSSDUMiWaCp6wPHAQbZoqRJBTsJDx/U/6ffGZKc5kewzRj44ScpjzmlIB1TXa2vgYJgTOVmJCJYq8ywthcFBMDRRcf4Kzh+4 J/2pfW9l9D8RT/cuW1az2whDUSPfOXp2rtHuAgVoSamZyXjZwXK3IupgxoJAGv7+06SsUqKuuwZT84YEBqGuua6jbD/ozsX5YLeLqqZmXPTXc1i6U92NjfHlvURP6vvvI59LXLYjFd/O9YSru05U6b2YoL+9matDtez6sELyp+rXRQLUeT9rcgkjRPWApUEK1HvpfB2BAFnApWtIJcs4zQc3LKRlZNScL02FR3psC71hPhWCr77BQr7yzCkETraRLayJKnbv6VzmV/oxziV2PD0ywHltKrQnEuMEhcHi0cccUoiKlVCFXccsX0jNiTAPa0lUPwmy0vKoPnPf9Fb//jfufwXT2ObfQIPUZ7yEcv0SF6i45QH1HnifPe+eQcu133gztwh1ehmxs15iGaE5f8AI3e8ZU=</latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)

<latexit sha1_base64="o0rgqD/HTVHRI9CBrlSx8EPxvT4="></latexit>

=
p(zt|xt, z1:t�1,u1:t) · p(xt|z1:t�1,u1:t)

p(zt|z1:t�1,u1:t)
BR

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM=">AAAFp3icvVRfaxNBEN+2d1rjv1QffVmMhQY03ElREQoFX9QXKzZpIBfC3t5eu3Tv9tidk6brfTS/hG9+G/eupySXNFERBxZmZuc385uBmTATXIPnfd/Y3HLcGze3b7Vu37l7735758FAy1xR1qdSSDUMiWaCp6wPHAQbZoqRJBTsJDx/U/6ffGZKc5kewzRj44ScpjzmlIB1TXa2vgYJgTOVmJCJYq8ywthcFBMDRRcf4Kzh+4 J/2pfW9l9D8RT/cuW1az2whDUSPfOXp2rtHuAgVoSamZyXjZwXK3IupgxoJAGv7+06SsUqKuuwZT84YEBqGuua6jbD/ozsX5YLeLqqZmXPTXc1i6U92NjfHlvURP6vvvI59LXLYjFd/O9YSru05U6b2YoL+9matDtez6sELyp+rXRQLUeT9rcgkjRPWApUEK1HvpfB2BAFnApWtIJcs4zQc3LKRlZNScL02FR3psC71hPhWCr77BQr7yzCkETraRLayJKnbv6VzmV/oxziV2PD0ywHltKrQnEuMEhcHi0cccUoiKlVCFXccsX0jNiTAPa0lUPwmy0vKoPnPf9Fb//jfufwXT2ObfQIPUZ7yEcv0SF6i45QH1HnifPe+eQcu133gztwh1ehmxs15iGaE5f8AI3e8ZU=</latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)



Bayes filter - derivation
Consequences:

measurement probability:
state-transition probability:

<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

<latexit sha1_base64="o0rgqD/HTVHRI9CBrlSx8EPxvT4="></latexit>

=
p(zt|xt, z1:t�1,u1:t) · p(xt|z1:t�1,u1:t)

p(zt|z1:t�1,u1:t)
BR

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM=">AAAFp3icvVRfaxNBEN+2d1rjv1QffVmMhQY03ElREQoFX9QXKzZpIBfC3t5eu3Tv9tidk6brfTS/hG9+G/eupySXNFERBxZmZuc385uBmTATXIPnfd/Y3HLcGze3b7Vu37l7735758FAy1xR1qdSSDUMiWaCp6wPHAQbZoqRJBTsJDx/U/6ffGZKc5kewzRj44ScpjzmlIB1TXa2vgYJgTOVmJCJYq8ywthcFBMDRRcf4Kzh+4 J/2pfW9l9D8RT/cuW1az2whDUSPfOXp2rtHuAgVoSamZyXjZwXK3IupgxoJAGv7+06SsUqKuuwZT84YEBqGuua6jbD/ozsX5YLeLqqZmXPTXc1i6U92NjfHlvURP6vvvI59LXLYjFd/O9YSru05U6b2YoL+9matDtez6sELyp+rXRQLUeT9rcgkjRPWApUEK1HvpfB2BAFnApWtIJcs4zQc3LKRlZNScL02FR3psC71hPhWCr77BQr7yzCkETraRLayJKnbv6VzmV/oxziV2PD0ywHltKrQnEuMEhcHi0cccUoiKlVCFXccsX0jNiTAPa0lUPwmy0vKoPnPf9Fb//jfufwXT2ObfQIPUZ7yEcv0SF6i45QH1HnifPe+eQcu133gztwh1ehmxs15iGaE5f8AI3e8ZU=</latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)

<latexit sha1_base64="WgqR7PyBJth1yXts0RdTtIYlHkU="></latexit>

= ⌘ · p(zt|xt) · p(xt|z1:t�1,u1:t)
CI



Bayes filter - derivation
Consequences:

measurement probability:
state-transition probability:

<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

<latexit sha1_base64="WgqR7PyBJth1yXts0RdTtIYlHkU="></latexit>

= ⌘ · p(zt|xt) · p(xt|z1:t�1,u1:t)

<latexit sha1_base64="o0rgqD/HTVHRI9CBrlSx8EPxvT4="></latexit>

=
p(zt|xt, z1:t�1,u1:t) · p(xt|z1:t�1,u1:t)

p(zt|z1:t�1,u1:t)

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM=">AAAFp3icvVRfaxNBEN+2d1rjv1QffVmMhQY03ElREQoFX9QXKzZpIBfC3t5eu3Tv9tidk6brfTS/hG9+G/eupySXNFERBxZmZuc385uBmTATXIPnfd/Y3HLcGze3b7Vu37l7735758FAy1xR1qdSSDUMiWaCp6wPHAQbZoqRJBTsJDx/U/6ffGZKc5kewzRj44ScpjzmlIB1TXa2vgYJgTOVmJCJYq8ywthcFBMDRRcf4Kzh+4 J/2pfW9l9D8RT/cuW1az2whDUSPfOXp2rtHuAgVoSamZyXjZwXK3IupgxoJAGv7+06SsUqKuuwZT84YEBqGuua6jbD/ozsX5YLeLqqZmXPTXc1i6U92NjfHlvURP6vvvI59LXLYjFd/O9YSru05U6b2YoL+9matDtez6sELyp+rXRQLUeT9rcgkjRPWApUEK1HvpfB2BAFnApWtIJcs4zQc3LKRlZNScL02FR3psC71hPhWCr77BQr7yzCkETraRLayJKnbv6VzmV/oxziV2PD0ywHltKrQnEuMEhcHi0cccUoiKlVCFXccsX0jNiTAPa0lUPwmy0vKoPnPf9Fb//jfufwXT2ObfQIPUZ7yEcv0SF6i45QH1HnifPe+eQcu133gztwh1ehmxs15iGaE5f8AI3e8ZU=</latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)

BR CI

<latexit sha1_base64="CSFTyGnAaGaXhqowvu0UR/qVoIQ="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1, z1:t�1,u1:t) · p(xt�1|z1:t�1,u1:t)dxt�1
LTP



Bayes filter - derivation
Consequences:

measurement probability:
state-transition probability:

<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

<latexit sha1_base64="WgqR7PyBJth1yXts0RdTtIYlHkU="></latexit>

= ⌘ · p(zt|xt) · p(xt|z1:t�1,u1:t)

<latexit sha1_base64="o0rgqD/HTVHRI9CBrlSx8EPxvT4="></latexit>

=
p(zt|xt, z1:t�1,u1:t) · p(xt|z1:t�1,u1:t)

p(zt|z1:t�1,u1:t)

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM=">AAAFp3icvVRfaxNBEN+2d1rjv1QffVmMhQY03ElREQoFX9QXKzZpIBfC3t5eu3Tv9tidk6brfTS/hG9+G/eupySXNFERBxZmZuc385uBmTATXIPnfd/Y3HLcGze3b7Vu37l7735758FAy1xR1qdSSDUMiWaCp6wPHAQbZoqRJBTsJDx/U/6ffGZKc5kewzRj44ScpjzmlIB1TXa2vgYJgTOVmJCJYq8ywthcFBMDRRcf4Kzh+4 J/2pfW9l9D8RT/cuW1az2whDUSPfOXp2rtHuAgVoSamZyXjZwXK3IupgxoJAGv7+06SsUqKuuwZT84YEBqGuua6jbD/ozsX5YLeLqqZmXPTXc1i6U92NjfHlvURP6vvvI59LXLYjFd/O9YSru05U6b2YoL+9matDtez6sELyp+rXRQLUeT9rcgkjRPWApUEK1HvpfB2BAFnApWtIJcs4zQc3LKRlZNScL02FR3psC71hPhWCr77BQr7yzCkETraRLayJKnbv6VzmV/oxziV2PD0ywHltKrQnEuMEhcHi0cccUoiKlVCFXccsX0jNiTAPa0lUPwmy0vKoPnPf9Fb//jfufwXT2ObfQIPUZ7yEcv0SF6i45QH1HnifPe+eQcu133gztwh1ehmxs15iGaE5f8AI3e8ZU=</latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)

BR CI

<latexit sha1_base64="CSFTyGnAaGaXhqowvu0UR/qVoIQ="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1, z1:t�1,u1:t) · p(xt�1|z1:t�1,u1:t)dxt�1
LTP

<latexit sha1_base64="WgqR7PyBJth1yXts0RdTtIYlHkU="></latexit>

= ⌘ · p(zt|xt) · p(xt|z1:t�1,u1:t)

<latexit sha1_base64="A5jQ6GJfEmuI1GQd9CMZ7wrDYbM="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · p(xt�1|z1:t�1,u1:t)dxt�1
CI

CI



Bayes filter - derivation
Consequences:

measurement probability:
state-transition probability:

<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

<latexit sha1_base64="WgqR7PyBJth1yXts0RdTtIYlHkU="></latexit>

= ⌘ · p(zt|xt) · p(xt|z1:t�1,u1:t)

<latexit sha1_base64="o0rgqD/HTVHRI9CBrlSx8EPxvT4="></latexit>

=
p(zt|xt, z1:t�1,u1:t) · p(xt|z1:t�1,u1:t)

p(zt|z1:t�1,u1:t)

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM=">AAAFp3icvVRfaxNBEN+2d1rjv1QffVmMhQY03ElREQoFX9QXKzZpIBfC3t5eu3Tv9tidk6brfTS/hG9+G/eupySXNFERBxZmZuc385uBmTATXIPnfd/Y3HLcGze3b7Vu37l7735758FAy1xR1qdSSDUMiWaCp6wPHAQbZoqRJBTsJDx/U/6ffGZKc5kewzRj44ScpjzmlIB1TXa2vgYJgTOVmJCJYq8ywthcFBMDRRcf4Kzh+4 J/2pfW9l9D8RT/cuW1az2whDUSPfOXp2rtHuAgVoSamZyXjZwXK3IupgxoJAGv7+06SsUqKuuwZT84YEBqGuua6jbD/ozsX5YLeLqqZmXPTXc1i6U92NjfHlvURP6vvvI59LXLYjFd/O9YSru05U6b2YoL+9matDtez6sELyp+rXRQLUeT9rcgkjRPWApUEK1HvpfB2BAFnApWtIJcs4zQc3LKRlZNScL02FR3psC71hPhWCr77BQr7yzCkETraRLayJKnbv6VzmV/oxziV2PD0ywHltKrQnEuMEhcHi0cccUoiKlVCFXccsX0jNiTAPa0lUPwmy0vKoPnPf9Fb//jfufwXT2ObfQIPUZ7yEcv0SF6i45QH1HnifPe+eQcu133gztwh1ehmxs15iGaE5f8AI3e8ZU=</latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)

BR CI

<latexit sha1_base64="CSFTyGnAaGaXhqowvu0UR/qVoIQ="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1, z1:t�1,u1:t) · p(xt�1|z1:t�1,u1:t)dxt�1
LTP

<latexit sha1_base64="WgqR7PyBJth1yXts0RdTtIYlHkU="></latexit>

= ⌘ · p(zt|xt) · p(xt|z1:t�1,u1:t)

<latexit sha1_base64="A5jQ6GJfEmuI1GQd9CMZ7wrDYbM="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · p(xt�1|z1:t�1,u1:t)dxt�1
CI

CI

<latexit sha1_base64="21IhG3R5B/FtcnNNkVKtt8LrVJw="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · bel(xt�1)dxt�1



Bayes filter - derivation
Consequences:

measurement probability:
state-transition probability:

<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

<latexit sha1_base64="WgqR7PyBJth1yXts0RdTtIYlHkU="></latexit>

= ⌘ · p(zt|xt) · p(xt|z1:t�1,u1:t)

<latexit sha1_base64="o0rgqD/HTVHRI9CBrlSx8EPxvT4="></latexit>

=
p(zt|xt, z1:t�1,u1:t) · p(xt|z1:t�1,u1:t)

p(zt|z1:t�1,u1:t)

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM=">AAAFp3icvVRfaxNBEN+2d1rjv1QffVmMhQY03ElREQoFX9QXKzZpIBfC3t5eu3Tv9tidk6brfTS/hG9+G/eupySXNFERBxZmZuc385uBmTATXIPnfd/Y3HLcGze3b7Vu37l7735758FAy1xR1qdSSDUMiWaCp6wPHAQbZoqRJBTsJDx/U/6ffGZKc5kewzRj44ScpjzmlIB1TXa2vgYJgTOVmJCJYq8ywthcFBMDRRcf4Kzh+4 J/2pfW9l9D8RT/cuW1az2whDUSPfOXp2rtHuAgVoSamZyXjZwXK3IupgxoJAGv7+06SsUqKuuwZT84YEBqGuua6jbD/ozsX5YLeLqqZmXPTXc1i6U92NjfHlvURP6vvvI59LXLYjFd/O9YSru05U6b2YoL+9matDtez6sELyp+rXRQLUeT9rcgkjRPWApUEK1HvpfB2BAFnApWtIJcs4zQc3LKRlZNScL02FR3psC71hPhWCr77BQr7yzCkETraRLayJKnbv6VzmV/oxziV2PD0ywHltKrQnEuMEhcHi0cccUoiKlVCFXccsX0jNiTAPa0lUPwmy0vKoPnPf9Fb//jfufwXT2ObfQIPUZ7yEcv0SF6i45QH1HnifPe+eQcu133gztwh1ehmxs15iGaE5f8AI3e8ZU=</latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)

BR CI

<latexit sha1_base64="CSFTyGnAaGaXhqowvu0UR/qVoIQ="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1, z1:t�1,u1:t) · p(xt�1|z1:t�1,u1:t)dxt�1
LTP

<latexit sha1_base64="WgqR7PyBJth1yXts0RdTtIYlHkU="></latexit>

= ⌘ · p(zt|xt) · p(xt|z1:t�1,u1:t)

<latexit sha1_base64="A5jQ6GJfEmuI1GQd9CMZ7wrDYbM="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · p(xt�1|z1:t�1,u1:t)dxt�1
CI

CI

<latexit sha1_base64="21IhG3R5B/FtcnNNkVKtt8LrVJw="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · bel(xt�1)dxt�1



Bayes filter - derivation
Consequences:

measurement probability:
state-transition probability:

<latexit sha1_base64="2Pye5g2juSK7S7Ep20NxCKkB++Y=">AAACX3icdVFdS8MwFE3rx+b8qvokvgSH4EBHK0NFEAa+6NsE9wFbGWmWalj6QXI7nLV/0jfBF/+J2VZhTr0QOPece8jNiRcLrsC23w1zaXlltVBcK61vbG5tWzu7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW94c1Eb4+YVDwKH2AcMzcgjyH3OSWgqb41io97AYEnz09fsj68fjfPuqlc4//VFLITPN/bV3DqzHHakDoLXDLjskrfKttVe1r4N3ByUEZ5NfrWW28Q0SRgIVBBlOo6dgxuSiRwKlhW6iWKxYQOySPrahiSgCk3neaT4SPNDLAfSX1CwFN23pGSQKlx4OnJyaJqUZuQf2ndBPxLN+VhnAAL6ewiPxEYIjwJGw+4ZBTEWANCJde7YvpEJKGgv6SkQ3AWn/wbtM6qznm1dl8r1+/yOIroAB2iY+SgC1RHt6iBmoiiD8M01o0N49MsmFumNRs1jdyzh36Uuf8Fvxu3bw==</latexit>

p(zt|xt) = p(zt|xt,x0:t�1, z1:t�1,u1:t)
<latexit sha1_base64="vFVle4JClMk2HVyN2jfeO9iPZn0="></latexit>

p(xt|xt�1,ut) = p(xt|xt�1,ut,x0:t�2, z1:t�1,u1:t�1)

<latexit sha1_base64="WgqR7PyBJth1yXts0RdTtIYlHkU="></latexit>

= ⌘ · p(zt|xt) · p(xt|z1:t�1,u1:t)

<latexit sha1_base64="o0rgqD/HTVHRI9CBrlSx8EPxvT4="></latexit>

=
p(zt|xt, z1:t�1,u1:t) · p(xt|z1:t�1,u1:t)

p(zt|z1:t�1,u1:t)

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM=">AAAFp3icvVRfaxNBEN+2d1rjv1QffVmMhQY03ElREQoFX9QXKzZpIBfC3t5eu3Tv9tidk6brfTS/hG9+G/eupySXNFERBxZmZuc385uBmTATXIPnfd/Y3HLcGze3b7Vu37l7735758FAy1xR1qdSSDUMiWaCp6wPHAQbZoqRJBTsJDx/U/6ffGZKc5kewzRj44ScpjzmlIB1TXa2vgYJgTOVmJCJYq8ywthcFBMDRRcf4Kzh+4 J/2pfW9l9D8RT/cuW1az2whDUSPfOXp2rtHuAgVoSamZyXjZwXK3IupgxoJAGv7+06SsUqKuuwZT84YEBqGuua6jbD/ozsX5YLeLqqZmXPTXc1i6U92NjfHlvURP6vvvI59LXLYjFd/O9YSru05U6b2YoL+9matDtez6sELyp+rXRQLUeT9rcgkjRPWApUEK1HvpfB2BAFnApWtIJcs4zQc3LKRlZNScL02FR3psC71hPhWCr77BQr7yzCkETraRLayJKnbv6VzmV/oxziV2PD0ywHltKrQnEuMEhcHi0cccUoiKlVCFXccsX0jNiTAPa0lUPwmy0vKoPnPf9Fb//jfufwXT2ObfQIPUZ7yEcv0SF6i45QH1HnifPe+eQcu133gztwh1ehmxs15iGaE5f8AI3e8ZU=</latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)

BR CI

<latexit sha1_base64="CSFTyGnAaGaXhqowvu0UR/qVoIQ="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1, z1:t�1,u1:t) · p(xt�1|z1:t�1,u1:t)dxt�1
LTP

<latexit sha1_base64="WgqR7PyBJth1yXts0RdTtIYlHkU="></latexit>

= ⌘ · p(zt|xt) · p(xt|z1:t�1,u1:t)

<latexit sha1_base64="A5jQ6GJfEmuI1GQd9CMZ7wrDYbM="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · p(xt�1|z1:t�1,u1:t)dxt�1
CI

CI

<latexit sha1_base64="21IhG3R5B/FtcnNNkVKtt8LrVJw="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · bel(xt�1)dxt�1

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM=">AAAFp3icvVRfaxNBEN+2d1rjv1QffVmMhQY03ElREQoFX9QXKzZpIBfC3t5eu3Tv9tidk6brfTS/hG9+G/eupySXNFERBxZmZuc385uBmTATXIPnfd/Y3HLcGze3b7Vu37l7735758FAy1xR1qdSSDUMiWaCp6wPHAQbZoqRJBTsJDx/U/6ffGZKc5kewzRj44ScpjzmlIB1TXa2vgYJgTOVmJCJYq8ywthcFBMDRRcf4Kzh+4 J/2pfW9l9D8RT/cuW1az2whDUSPfOXp2rtHuAgVoSamZyXjZwXK3IupgxoJAGv7+06SsUqKuuwZT84YEBqGuua6jbD/ozsX5YLeLqqZmXPTXc1i6U92NjfHlvURP6vvvI59LXLYjFd/O9YSru05U6b2YoL+9matDtez6sELyp+rXRQLUeT9rcgkjRPWApUEK1HvpfB2BAFnApWtIJcs4zQc3LKRlZNScL02FR3psC71hPhWCr77BQr7yzCkETraRLayJKnbv6VzmV/oxziV2PD0ywHltKrQnEuMEhcHi0cccUoiKlVCFXccsX0jNiTAPa0lUPwmy0vKoPnPf9Fb//jfufwXT2ObfQIPUZ7yEcv0SF6i45QH1HnifPe+eQcu133gztwh1ehmxs15iGaE5f8AI3e8ZU=</latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)



1. Initialization:
<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)
<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
2. Prediction step (new action       performed):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="21IhG3R5B/FtcnNNkVKtt8LrVJw="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · bel(xt�1)dxt�1<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM="></latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)



1. Initialization:
<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)
<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
2. Prediction step (new action       performed):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="21IhG3R5B/FtcnNNkVKtt8LrVJw="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · bel(xt�1)dxt�1<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM="></latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)

3. Measurement update (new      received):
For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)



1. Initialization:
<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)
<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
2. Prediction step (new action       performed):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="21IhG3R5B/FtcnNNkVKtt8LrVJw="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · bel(xt�1)dxt�1<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM="></latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)

3. Measurement update (new      received):
For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s



1. Initialization:
<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
2. Prediction step (new action       performed):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="21IhG3R5B/FtcnNNkVKtt8LrVJw="></latexit>

= ⌘ · p(zt|xt) ·
Z

p(xt|xt�1,ut) · bel(xt�1)dxt�1<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="40mIiRa4GPMHHH7rlX2+0NNZrYM="></latexit>

bel(xt) = p(xt|z1:t,u1:t) = p(xt|zt, z1:t�1,u1:t)

3. Measurement update (new      received):
For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s



1. Initialization:
<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
2. Prediction step (new action       performed):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

3. Measurement update (new      received):
For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s



<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="r4Etbzahov/TFYeC0rPP8Y9gEzY=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqMuCG91VsA9oQ5lMJ+3QySTM3BRLyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+LHgGhzn2yqtrW9sbpW3Kzu7e/sH9uFRW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uc39zpQpzSP5CLOYeSEZSR5wSsBIA9vuhwTGfpA+ZYMULtxsYFedmjMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDGS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Zc29qtUf6tXGfVFHGZ2gU3SOXHSNGugONVELUTRFz+gVvVmp9WK9Wx+L0ZJV7ByjP7A+fwC9iZPC</latexit> x t
�1

<latexit sha1_base64="9zoJqUi6YnkueQ2mM+slXA8gVq0=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0WooCWR+tgIBTe6q2Af0IYwmU7aoZMHMxOxxHyJG3/FjQtFBFf6N07SILZ6YODMOfdy7z1OyKiQhvGlFebmFxaXisulldW19Q19c6slgohj0sQBC3jHQYIw6pOmpJKRTsgJ8hxG2s7oIvXbt4QLGvg3chwSy0MDn7oUI6kkWz8OKz0PyaHjxneJHcvkHk79D83k4EeJsopzc9/Wy0bVyAD/EjMnZZCjYesfvX6AI4/4EjMkRNc0QmnFiEuKGUlKvUiQEOERGpCuoj7yiLDi7LwE7imlD92Aq+dLmKm/O2LkCTH2HFWZLipmvVT8z+tG0j2zYuqHkSQ+ngxyIwZlANOsYJ9ygiUbK4Iwp2pXiIeIIyxVoiUVgjl78l/SOqqaJ9Xada1cv8rjKIIdsAsqwASnoA4uQQM0AQYP4Am8gFftUXvW3rT3SWlBy3u2wRS0z2+EkaNa</latexit>

p(xt |xt�1 ,ut = 1)

1
2

3
4

5

1
2

3
4

0

1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,

<latexit sha1_base64="4pTayhOc9KnUOTC661kjWhNyops=">AAACHHicbVBNSwMxEM36bf2qevQSLEJFKLsq6kUoeNFbBVuFbinZdNaGZj9IZsWy7A/x4l/x4kERLx4E/43ZbQ9aHQh5efNmMvO8WAqNtv1lTU3PzM7NLyyWlpZXVtfK6xstHSWKQ5NHMlI3HtMgRQhNFCjhJlbAAk/CtTc4y/PXd6C0iMIrHMbQCdhtKHzBGRqqWz5wARk9pcW1R93IiPNeqRsw7Ksg9UBmWbV4eX56n3Vxt1uu2DW7CPoXOGNQIeNodMsfbi/iSQAhcsm0bjt2jJ2UKRRcQlZyEw0x4wN2C20DQxaA7qTFchndMUyP+pEyJ0RasD8rUhZoPQw8o8yH1JO5nPwv107QP+mkIowThJCPPvITSTGiuVO0JxRwlEMDGFfCzEp5nynG0fhZMiY4kyv/Ba39mnNUO7w8rNQvxnYskC2yTarEIcekTs5JgzQJJw/kibyQV+vRerberPeRdMoa12ySX2F9fgPlPKH3</latexit>

⌘ = ⌘ + bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="R+esYslGu2G6iy7QVAef25U125E=">AAACMHicfVDJSgNBEO1xjXGLevTSGIR4CTMS1IsQ8KDeIpgoZELo6dTExp6F7hoxNPNJXvwUvSgo4tWvsLMc3PBBw+v3qqiqF6RSaHTdZ2dqemZ2br6wUFxcWl5ZLa2tt3SSKQ5NnshEXQZMgxQxNFGghMtUAYsCCRfB9dHQv7gBpUUSn+MghU7E+rEIBWdopW7p2I8YXqnIBCDzyugThOY27xrMd+ihHyrGzX81ufEBWd4tld2qOwL9TbwJKZMJGt3Sg99LeBZBjFwyrduem2LHMIWCS8iLfqYhZfya9aFtacwi0B0zOjin21bp0TBR9sVIR+rXDsMirQdRYCuH2+qf3lD8y2tnGB50jIjTDCHm40FhJikmdJge7QkFHOXAEsaVsLtSfsVsRmgzLtoQvJ8n/yat3aq3V62d1cr100kcBbJJtkiFeGSf1MkJaZAm4eSOPJIX8urcO0/Om/M+Lp1yJj0b5Bucj088w6ww</latexit>

bel(xt) =
bel(xt)

⌘

<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="Qt6HWV+TUY8CuuNhu9Sr87gp7tg=">AAACLnicbVBdS8MwFE39nPOr6qMvwSHMl9HKUF+EgQj6NsF9wFpGmqVbWJqWJBVH6S/yxb+iD4KK+OrPMO36MDcvBE7OPSe593gRo1JZ1ruxtLyyurZe2ihvbm3v7Jp7+20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOOrrN95IELSkN+rSUTcAA059SlGSlN989oJkBqJIPEIS6v5xfOTx7SfqPQEXjqhNmdvJ7O6BWHfrFg1Ky+4COwCVEBRzb756gxCHAeEK8yQlD3bipSbIKEoZiQtO7EkEcJjNCQ9DTkKiHSTfN0UHmtmAP1Q6MMVzNlZR4ICKSeBp5XZmHK+l5H/9Xqx8i/chPIoVoTj6Ud+zKAKYZYdHFBBsGITDRAWVM8K8QgJhJVOuKxDsOdXXgTt05p9Vqvf1SuN2yKOEjgER6AKbHAOGuAGNEELYPAEXsAH+DSejTfjy/ieSpeMwnMA/pTx8wuTbatW</latexit>

bel(xt) = bel(xt)
<latexit sha1_base64="9UgkpjtYJQ2yZqkaL15cuTPuFO0=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoC0siRV0W3Oiugn1AG8JkOmmHzkzCzEQsITs3/oobF4q49Rfc+TdO0iy09cDAmXPu5d57/IgSqWz72ygtLa+srpXXKxubW9s75u5eR4axQLiNQhqKng8lpoTjtiKK4l4kMGQ+xV1/cpX53XssJAn5nZpG2GVwxElAEFRa8szDAYNqLFjiY5rW8o8fJA+pl6hTJz3xzKpdt3NYi8QpSBUUaHnm12AYophhrhCFUvYdO1JuAoUiiOK0MogljiCawBHua8ohw9JN8jtS61grQysIhX5cWbn6uyOBTMop83Vltqic9zLxP68fq+DSTQiPYoU5mg0KYmqp0MpCsYZEYKToVBOIBNG7WmgMBURKR1fRITjzJy+SzlndOa83bhvV5k0RRxkcgCNQAw64AE1wDVqgDRB4BM/gFbwZT8aL8W58zEpLRtGzD/7A+PwBbRGZrw==</latexit> b
el
(x

t�
1
)

<latexit sha1_base64="r4Etbzahov/TFYeC0rPP8Y9gEzY=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqMuCG91VsA9oQ5lMJ+3QySTM3BRLyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+LHgGhzn2yqtrW9sbpW3Kzu7e/sH9uFRW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uc39zpQpzSP5CLOYeSEZSR5wSsBIA9vuhwTGfpA+ZYMULtxsYFedmjMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDGS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Zc29qtUf6tXGfVFHGZ2gU3SOXHSNGugONVELUTRFz+gVvVmp9WK9Wx+L0ZJV7ByjP7A+fwC9iZPC</latexit>xt�1



<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="r4Etbzahov/TFYeC0rPP8Y9gEzY=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqMuCG91VsA9oQ5lMJ+3QySTM3BRLyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+LHgGhzn2yqtrW9sbpW3Kzu7e/sH9uFRW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uc39zpQpzSP5CLOYeSEZSR5wSsBIA9vuhwTGfpA+ZYMULtxsYFedmjMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDGS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Zc29qtUf6tXGfVFHGZ2gU3SOXHSNGugONVELUTRFz+gVvVmp9WK9Wx+L0ZJV7ByjP7A+fwC9iZPC</latexit> x t
�1

<latexit sha1_base64="9zoJqUi6YnkueQ2mM+slXA8gVq0=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0WooCWR+tgIBTe6q2Af0IYwmU7aoZMHMxOxxHyJG3/FjQtFBFf6N07SILZ6YODMOfdy7z1OyKiQhvGlFebmFxaXisulldW19Q19c6slgohj0sQBC3jHQYIw6pOmpJKRTsgJ8hxG2s7oIvXbt4QLGvg3chwSy0MDn7oUI6kkWz8OKz0PyaHjxneJHcvkHk79D83k4EeJsopzc9/Wy0bVyAD/EjMnZZCjYesfvX6AI4/4EjMkRNc0QmnFiEuKGUlKvUiQEOERGpCuoj7yiLDi7LwE7imlD92Aq+dLmKm/O2LkCTH2HFWZLipmvVT8z+tG0j2zYuqHkSQ+ngxyIwZlANOsYJ9ygiUbK4Iwp2pXiIeIIyxVoiUVgjl78l/SOqqaJ9Xada1cv8rjKIIdsAsqwASnoA4uQQM0AQYP4Am8gFftUXvW3rT3SWlBy3u2wRS0z2+EkaNa</latexit>

p(xt |xt�1 ,ut = 1)

1
2

3
4

5

1
2

3
4

0

1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,

<latexit sha1_base64="4pTayhOc9KnUOTC661kjWhNyops=">AAACHHicbVBNSwMxEM36bf2qevQSLEJFKLsq6kUoeNFbBVuFbinZdNaGZj9IZsWy7A/x4l/x4kERLx4E/43ZbQ9aHQh5efNmMvO8WAqNtv1lTU3PzM7NLyyWlpZXVtfK6xstHSWKQ5NHMlI3HtMgRQhNFCjhJlbAAk/CtTc4y/PXd6C0iMIrHMbQCdhtKHzBGRqqWz5wARk9pcW1R93IiPNeqRsw7Ksg9UBmWbV4eX56n3Vxt1uu2DW7CPoXOGNQIeNodMsfbi/iSQAhcsm0bjt2jJ2UKRRcQlZyEw0x4wN2C20DQxaA7qTFchndMUyP+pEyJ0RasD8rUhZoPQw8o8yH1JO5nPwv107QP+mkIowThJCPPvITSTGiuVO0JxRwlEMDGFfCzEp5nynG0fhZMiY4kyv/Ba39mnNUO7w8rNQvxnYskC2yTarEIcekTs5JgzQJJw/kibyQV+vRerberPeRdMoa12ySX2F9fgPlPKH3</latexit>

⌘ = ⌘ + bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="R+esYslGu2G6iy7QVAef25U125E=">AAACMHicfVDJSgNBEO1xjXGLevTSGIR4CTMS1IsQ8KDeIpgoZELo6dTExp6F7hoxNPNJXvwUvSgo4tWvsLMc3PBBw+v3qqiqF6RSaHTdZ2dqemZ2br6wUFxcWl5ZLa2tt3SSKQ5NnshEXQZMgxQxNFGghMtUAYsCCRfB9dHQv7gBpUUSn+MghU7E+rEIBWdopW7p2I8YXqnIBCDzyugThOY27xrMd+ihHyrGzX81ufEBWd4tld2qOwL9TbwJKZMJGt3Sg99LeBZBjFwyrduem2LHMIWCS8iLfqYhZfya9aFtacwi0B0zOjin21bp0TBR9sVIR+rXDsMirQdRYCuH2+qf3lD8y2tnGB50jIjTDCHm40FhJikmdJge7QkFHOXAEsaVsLtSfsVsRmgzLtoQvJ8n/yat3aq3V62d1cr100kcBbJJtkiFeGSf1MkJaZAm4eSOPJIX8urcO0/Om/M+Lp1yJj0b5Bucj088w6ww</latexit>

bel(xt) =
bel(xt)

⌘

<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="Qt6HWV+TUY8CuuNhu9Sr87gp7tg=">AAACLnicbVBdS8MwFE39nPOr6qMvwSHMl9HKUF+EgQj6NsF9wFpGmqVbWJqWJBVH6S/yxb+iD4KK+OrPMO36MDcvBE7OPSe593gRo1JZ1ruxtLyyurZe2ihvbm3v7Jp7+20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOOrrN95IELSkN+rSUTcAA059SlGSlN989oJkBqJIPEIS6v5xfOTx7SfqPQEXjqhNmdvJ7O6BWHfrFg1Ky+4COwCVEBRzb756gxCHAeEK8yQlD3bipSbIKEoZiQtO7EkEcJjNCQ9DTkKiHSTfN0UHmtmAP1Q6MMVzNlZR4ICKSeBp5XZmHK+l5H/9Xqx8i/chPIoVoTj6Ud+zKAKYZYdHFBBsGITDRAWVM8K8QgJhJVOuKxDsOdXXgTt05p9Vqvf1SuN2yKOEjgER6AKbHAOGuAGNEELYPAEXsAH+DSejTfjy/ieSpeMwnMA/pTx8wuTbatW</latexit>

bel(xt) = bel(xt)

<latexit sha1_base64="Qt6HWV+TUY8CuuNhu9Sr87gp7tg=">AAACLnicbVBdS8MwFE39nPOr6qMvwSHMl9HKUF+EgQj6NsF9wFpGmqVbWJqWJBVH6S/yxb+iD4KK+OrPMO36MDcvBE7OPSe593gRo1JZ1ruxtLyyurZe2ihvbm3v7Jp7+20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOOrrN95IELSkN+rSUTcAA059SlGSlN989oJkBqJIPEIS6v5xfOTx7SfqPQEXjqhNmdvJ7O6BWHfrFg1Ky+4COwCVEBRzb756gxCHAeEK8yQlD3bipSbIKEoZiQtO7EkEcJjNCQ9DTkKiHSTfN0UHmtmAP1Q6MMVzNlZR4ICKSeBp5XZmHK+l5H/9Xqx8i/chPIoVoTj6Ud+zKAKYZYdHFBBsGITDRAWVM8K8QgJhJVOuKxDsOdXXgTt05p9Vqvf1SuN2yKOEjgER6AKbHAOGuAGNEELYPAEXsAH+DSejTfjy/ieSpeMwnMA/pTx8wuTbatW</latexit>

bel(xt) = bel(xt)



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,

<latexit sha1_base64="4pTayhOc9KnUOTC661kjWhNyops=">AAACHHicbVBNSwMxEM36bf2qevQSLEJFKLsq6kUoeNFbBVuFbinZdNaGZj9IZsWy7A/x4l/x4kERLx4E/43ZbQ9aHQh5efNmMvO8WAqNtv1lTU3PzM7NLyyWlpZXVtfK6xstHSWKQ5NHMlI3HtMgRQhNFCjhJlbAAk/CtTc4y/PXd6C0iMIrHMbQCdhtKHzBGRqqWz5wARk9pcW1R93IiPNeqRsw7Ksg9UBmWbV4eX56n3Vxt1uu2DW7CPoXOGNQIeNodMsfbi/iSQAhcsm0bjt2jJ2UKRRcQlZyEw0x4wN2C20DQxaA7qTFchndMUyP+pEyJ0RasD8rUhZoPQw8o8yH1JO5nPwv107QP+mkIowThJCPPvITSTGiuVO0JxRwlEMDGFfCzEp5nynG0fhZMiY4kyv/Ba39mnNUO7w8rNQvxnYskC2yTarEIcekTs5JgzQJJw/kibyQV+vRerberPeRdMoa12ySX2F9fgPlPKH3</latexit>

⌘ = ⌘ + bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="R+esYslGu2G6iy7QVAef25U125E=">AAACMHicfVDJSgNBEO1xjXGLevTSGIR4CTMS1IsQ8KDeIpgoZELo6dTExp6F7hoxNPNJXvwUvSgo4tWvsLMc3PBBw+v3qqiqF6RSaHTdZ2dqemZ2br6wUFxcWl5ZLa2tt3SSKQ5NnshEXQZMgxQxNFGghMtUAYsCCRfB9dHQv7gBpUUSn+MghU7E+rEIBWdopW7p2I8YXqnIBCDzyugThOY27xrMd+ihHyrGzX81ufEBWd4tld2qOwL9TbwJKZMJGt3Sg99LeBZBjFwyrduem2LHMIWCS8iLfqYhZfya9aFtacwi0B0zOjin21bp0TBR9sVIR+rXDsMirQdRYCuH2+qf3lD8y2tnGB50jIjTDCHm40FhJikmdJge7QkFHOXAEsaVsLtSfsVsRmgzLtoQvJ8n/yat3aq3V62d1cr100kcBbJJtkiFeGSf1MkJaZAm4eSOPJIX8urcO0/Om/M+Lp1yJj0b5Bucj088w6ww</latexit>

bel(xt) =
bel(xt)

⌘

<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="Qt6HWV+TUY8CuuNhu9Sr87gp7tg=">AAACLnicbVBdS8MwFE39nPOr6qMvwSHMl9HKUF+EgQj6NsF9wFpGmqVbWJqWJBVH6S/yxb+iD4KK+OrPMO36MDcvBE7OPSe593gRo1JZ1ruxtLyyurZe2ihvbm3v7Jp7+20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOOrrN95IELSkN+rSUTcAA059SlGSlN989oJkBqJIPEIS6v5xfOTx7SfqPQEXjqhNmdvJ7O6BWHfrFg1Ky+4COwCVEBRzb756gxCHAeEK8yQlD3bipSbIKEoZiQtO7EkEcJjNCQ9DTkKiHSTfN0UHmtmAP1Q6MMVzNlZR4ICKSeBp5XZmHK+l5H/9Xqx8i/chPIoVoTj6Ud+zKAKYZYdHFBBsGITDRAWVM8K8QgJhJVOuKxDsOdXXgTt05p9Vqvf1SuN2yKOEjgER6AKbHAOGuAGNEELYPAEXsAH+DSejTfjy/ieSpeMwnMA/pTx8wuTbatW</latexit>

bel(xt) = bel(xt)

<latexit sha1_base64="c0SKw7yT07/77/f0obxnsLJS9xQ=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSGVpUpQBYyVWGArEn1IbVQ5rtNatZ3IdhBVlIWFX2FhACFW/oGNv8FJM0DLkSwdn3Ov7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0dGBXnJqTAy4StyAVUKA5sL/6wxDHnAiNGVKq5zqR9hIkNcWMpOV+rEiE8ASNSM9QgThRXpJfkcITowxhEErzhIa5+rsjQVypKfdNZbammvcy8T+vF+vg0kuoiGJNBJ4NCmIGdQizSOCQSoI1mxqCsKRmV4jHSCKsTXBlE4I7f/IiaZ/V3PNa/bZeadwUcZTAITgGVeCCC9AA16AJWgCDR/AMXsGb9WS9WO/Wx6x0ySp6DsAfWJ8/Fg2Y+Q==</latexit>

bel(x0)

<latexit sha1_base64="sxmTdqS8btb7pBLwmqKYcbEEfaw=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q567v9as2tu1PAZeIVpAYKNPvVX38QkURQaQhHWvc8NzZBipRhhNOs4ieaxoiM0ZD2LJVIUB2k08wZPLPKAIaRsiMNnKr/L1IktJ4IbDfzjHrRy8VVXi8x4U2QMhknhkoyexQmHJoI5gXAAVOUGD6xBBHFbFZIRkghYmxNKxPMiRiLrGKr8haLWSbti7p3Vb98uKw17ovSyuAEnIJz4IFr0AB3oAlagIAYvIA38O68Oh/Op/M1Wy05xc0xmIPz/Qco3KHO</latexit>x0



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="4pTayhOc9KnUOTC661kjWhNyops=">AAACHHicbVBNSwMxEM36bf2qevQSLEJFKLsq6kUoeNFbBVuFbinZdNaGZj9IZsWy7A/x4l/x4kERLx4E/43ZbQ9aHQh5efNmMvO8WAqNtv1lTU3PzM7NLyyWlpZXVtfK6xstHSWKQ5NHMlI3HtMgRQhNFCjhJlbAAk/CtTc4y/PXd6C0iMIrHMbQCdhtKHzBGRqqWz5wARk9pcW1R93IiPNeqRsw7Ksg9UBmWbV4eX56n3Vxt1uu2DW7CPoXOGNQIeNodMsfbi/iSQAhcsm0bjt2jJ2UKRRcQlZyEw0x4wN2C20DQxaA7qTFchndMUyP+pEyJ0RasD8rUhZoPQw8o8yH1JO5nPwv107QP+mkIowThJCPPvITSTGiuVO0JxRwlEMDGFfCzEp5nynG0fhZMiY4kyv/Ba39mnNUO7w8rNQvxnYskC2yTarEIcekTs5JgzQJJw/kibyQV+vRerberPeRdMoa12ySX2F9fgPlPKH3</latexit>

⌘ = ⌘ + bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="R+esYslGu2G6iy7QVAef25U125E=">AAACMHicfVDJSgNBEO1xjXGLevTSGIR4CTMS1IsQ8KDeIpgoZELo6dTExp6F7hoxNPNJXvwUvSgo4tWvsLMc3PBBw+v3qqiqF6RSaHTdZ2dqemZ2br6wUFxcWl5ZLa2tt3SSKQ5NnshEXQZMgxQxNFGghMtUAYsCCRfB9dHQv7gBpUUSn+MghU7E+rEIBWdopW7p2I8YXqnIBCDzyugThOY27xrMd+ihHyrGzX81ufEBWd4tld2qOwL9TbwJKZMJGt3Sg99LeBZBjFwyrduem2LHMIWCS8iLfqYhZfya9aFtacwi0B0zOjin21bp0TBR9sVIR+rXDsMirQdRYCuH2+qf3lD8y2tnGB50jIjTDCHm40FhJikmdJge7QkFHOXAEsaVsLtSfsVsRmgzLtoQvJ8n/yat3aq3V62d1cr100kcBbJJtkiFeGSf1MkJaZAm4eSOPJIX8urcO0/Om/M+Lp1yJj0b5Bucj088w6ww</latexit>

bel(xt) =
bel(xt)

⌘

<latexit sha1_base64="Qt6HWV+TUY8CuuNhu9Sr87gp7tg=">AAACLnicbVBdS8MwFE39nPOr6qMvwSHMl9HKUF+EgQj6NsF9wFpGmqVbWJqWJBVH6S/yxb+iD4KK+OrPMO36MDcvBE7OPSe593gRo1JZ1ruxtLyyurZe2ihvbm3v7Jp7+20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOOrrN95IELSkN+rSUTcAA059SlGSlN989oJkBqJIPEIS6v5xfOTx7SfqPQEXjqhNmdvJ7O6BWHfrFg1Ky+4COwCVEBRzb756gxCHAeEK8yQlD3bipSbIKEoZiQtO7EkEcJjNCQ9DTkKiHSTfN0UHmtmAP1Q6MMVzNlZR4ICKSeBp5XZmHK+l5H/9Xqx8i/chPIoVoTj6Ud+zKAKYZYdHFBBsGITDRAWVM8K8QgJhJVOuKxDsOdXXgTt05p9Vqvf1SuN2yKOEjgER6AKbHAOGuAGNEELYPAEXsAH+DSejTfjy/ieSpeMwnMA/pTx8wuTbatW</latexit>

bel(xt) = bel(xt)

<latexit sha1_base64="uxvioJ50KOl/jTun3cuKF5Jd4wo=">AAAB+HicbVDLSsNAFL3xWeujUZduBosgCCWRom6EghvdVbAPaEOYTCft0MmDeQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgpQzqRzn21pZXVvf2Cxtlbd3dvcq9v5BWyZaENoiCU9EN8CSchbTlmKK024qKI4CTjvB+Cb3O49USJbED2qSUi/Cw5iFjGBlJN+u9COsRkGY6amvrs9c3646NWcGtEzcglShQNO3v/qDhOiIxopwLGXPdVLlZVgoRjidlvta0hSTMR7SnqExjqj0slnwKToxygCFiTAvVmim/t7IcCTlJArMZB5TLnq5+J/X0yq88jIWp1rRmMwPhZojlaC8BTRgghLFJ4ZgIpjJisgIC0yU6apsSnAXv7xM2uc196JWv69XG3dFHSU4gmM4BRcuoQG30IQWENDwDK/wZj1ZL9a79TEfXbGKnUP4A+vzB27akvg=</latexit>

ut = +1

<latexit sha1_base64="JEASsLyAfHdALH+c8cnRqY1Qpec=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSGVpUpQBYyVWGArEn1IbVQ5rtNatZ3IdhBVlIWFX2FhACFW/oGNv8FJM0DLkSwdn3Ov7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SNz0dGBXnJqTAy4StyAVUKA5sL/6wxDHnAiNGVKq5zqR9hIkNcWMpOV+rEiE8ASNSM9QgThRXpJfkcITowxhEErzhIa5+rsjQVypKfdNZbammvcy8T+vF+vg0kuoiGJNBJ4NCmIGdQizSOCQSoI1mxqCsKRmV4jHSCKsTXBlE4I7f/IiaZ/V3PNa/bZeadwUcZTAITgGVeCCC9AA16AJWgCDR/AMXsGb9WS9WO/Wx6x0ySp6DsAfWJ8/F5OY+g==</latexit>

bel(x1)

<latexit sha1_base64="tI8ry7TBDU3UZzNw5Kh+Xx9Uk18=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q563v9as2tu1PAZeIVpAYKNPvVX38QkURQaQhHWvc8NzZBipRhhNOs4ieaxoiM0ZD2LJVIUB2k08wZPLPKAIaRsiMNnKr/L1IktJ4IbDfzjHrRy8VVXi8x4U2QMhknhkoyexQmHJoI5gXAAVOUGD6xBBHFbFZIRkghYmxNKxPMiRiLrGKr8haLWSbti7p3Vb98uKw17ovSyuAEnIJz4IFr0AB3oAlagIAYvIA38O68Oh/Op/M1Wy05xc0xmIPz/QcqhqHP</latexit>x1



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="4pTayhOc9KnUOTC661kjWhNyops=">AAACHHicbVBNSwMxEM36bf2qevQSLEJFKLsq6kUoeNFbBVuFbinZdNaGZj9IZsWy7A/x4l/x4kERLx4E/43ZbQ9aHQh5efNmMvO8WAqNtv1lTU3PzM7NLyyWlpZXVtfK6xstHSWKQ5NHMlI3HtMgRQhNFCjhJlbAAk/CtTc4y/PXd6C0iMIrHMbQCdhtKHzBGRqqWz5wARk9pcW1R93IiPNeqRsw7Ksg9UBmWbV4eX56n3Vxt1uu2DW7CPoXOGNQIeNodMsfbi/iSQAhcsm0bjt2jJ2UKRRcQlZyEw0x4wN2C20DQxaA7qTFchndMUyP+pEyJ0RasD8rUhZoPQw8o8yH1JO5nPwv107QP+mkIowThJCPPvITSTGiuVO0JxRwlEMDGFfCzEp5nynG0fhZMiY4kyv/Ba39mnNUO7w8rNQvxnYskC2yTarEIcekTs5JgzQJJw/kibyQV+vRerberPeRdMoa12ySX2F9fgPlPKH3</latexit>

⌘ = ⌘ + bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="R+esYslGu2G6iy7QVAef25U125E=">AAACMHicfVDJSgNBEO1xjXGLevTSGIR4CTMS1IsQ8KDeIpgoZELo6dTExp6F7hoxNPNJXvwUvSgo4tWvsLMc3PBBw+v3qqiqF6RSaHTdZ2dqemZ2br6wUFxcWl5ZLa2tt3SSKQ5NnshEXQZMgxQxNFGghMtUAYsCCRfB9dHQv7gBpUUSn+MghU7E+rEIBWdopW7p2I8YXqnIBCDzyugThOY27xrMd+ihHyrGzX81ufEBWd4tld2qOwL9TbwJKZMJGt3Sg99LeBZBjFwyrduem2LHMIWCS8iLfqYhZfya9aFtacwi0B0zOjin21bp0TBR9sVIR+rXDsMirQdRYCuH2+qf3lD8y2tnGB50jIjTDCHm40FhJikmdJge7QkFHOXAEsaVsLtSfsVsRmgzLtoQvJ8n/yat3aq3V62d1cr100kcBbJJtkiFeGSf1MkJaZAm4eSOPJIX8urcO0/Om/M+Lp1yJj0b5Bucj088w6ww</latexit>

bel(xt) =
bel(xt)

⌘

<latexit sha1_base64="Qt6HWV+TUY8CuuNhu9Sr87gp7tg=">AAACLnicbVBdS8MwFE39nPOr6qMvwSHMl9HKUF+EgQj6NsF9wFpGmqVbWJqWJBVH6S/yxb+iD4KK+OrPMO36MDcvBE7OPSe593gRo1JZ1ruxtLyyurZe2ihvbm3v7Jp7+20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOOrrN95IELSkN+rSUTcAA059SlGSlN989oJkBqJIPEIS6v5xfOTx7SfqPQEXjqhNmdvJ7O6BWHfrFg1Ky+4COwCVEBRzb756gxCHAeEK8yQlD3bipSbIKEoZiQtO7EkEcJjNCQ9DTkKiHSTfN0UHmtmAP1Q6MMVzNlZR4ICKSeBp5XZmHK+l5H/9Xqx8i/chPIoVoTj6Ud+zKAKYZYdHFBBsGITDRAWVM8K8QgJhJVOuKxDsOdXXgTt05p9Vqvf1SuN2yKOEjgER6AKbHAOGuAGNEELYPAEXsAH+DSejTfjy/ieSpeMwnMA/pTx8wuTbatW</latexit>

bel(xt) = bel(xt)

<latexit sha1_base64="uxvioJ50KOl/jTun3cuKF5Jd4wo=">AAAB+HicbVDLSsNAFL3xWeujUZduBosgCCWRom6EghvdVbAPaEOYTCft0MmDeQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgpQzqRzn21pZXVvf2Cxtlbd3dvcq9v5BWyZaENoiCU9EN8CSchbTlmKK024qKI4CTjvB+Cb3O49USJbED2qSUi/Cw5iFjGBlJN+u9COsRkGY6amvrs9c3646NWcGtEzcglShQNO3v/qDhOiIxopwLGXPdVLlZVgoRjidlvta0hSTMR7SnqExjqj0slnwKToxygCFiTAvVmim/t7IcCTlJArMZB5TLnq5+J/X0yq88jIWp1rRmMwPhZojlaC8BTRgghLFJ4ZgIpjJisgIC0yU6apsSnAXv7xM2uc196JWv69XG3dFHSU4gmM4BRcuoQG30IQWENDwDK/wZj1ZL9a79TEfXbGKnUP4A+vzB27akvg=</latexit>

ut = +1

<latexit sha1_base64="q/wogU8lzrZt0323J+INX0V5Tk0=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFVSVcBYiQW2ItGH1EaR4zqtVceJbAdRRVlY+BUWBhBi5R/Y+BucNAO0HMnS8Tn36t57vIhRqSzr2yitrK6tb5Q3K1vbO7t75v5BV4axwKSDQxaKvockYZSTjqKKkX4kCAo8Rnre9Crze/dESBryOzWLiBOgMac+xUhpyTWPhwFSExEkHmFpLf94fvKQukkjPXPNqlW3csBlYhekCgq0XfNrOApxHBCuMENSDmwrUk6ChKKYkbQyjCWJEJ6iMRloylFApJPkV6TwVCsj6IdCP65grv7uSFAg5SzwdGW2plz0MvE/bxAr/9JJKI9iRTieD/JjBlUIs0jgiAqCFZtpgrCgeleIJ0ggrHRwFR2CvXjyMuk26vZ5vXnbrLZuijjK4AicgBqwwQVogWvQBh2AwSN4Bq/gzXgyXox342NeWjKKnkPwB8bnDxkZmPs=</latexit>

bel(x2)

<latexit sha1_base64="3fNS5Ob4CK2+Q7ZDUdCtu2ns0f8=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjOlqMuCG91VsA9oh5KkmTY0yQxJRizD/IYbF/or7sStK//EpZl2FvZx4MLhnHu5h4MjzrRx3R+nsLG5tb1T3C3t7R8cHpWPT9o6jBWhLRLyUHUx0pQzSVuGGU67kaJIYE47eHKb+Z0nqjQL5aOZRtQXaCRZwAgyVur3BTJjHCTP6aA2KFfcqjsDXCVeTiogR3NQ/u0PQxILKg3hSOue50bGT5AyjHCalvqxphEiEzSiPUslElT7ySxzCi+sMoRBqOxIA2fq/4sECa2nAtvNLKNe9jJxndeLTXDjJ0xGsaGSzB8FMYcmhFkBcMgUJYZPLUFEMZsVkjFSiBhb09oECyLGIi3ZqrzlYlZJu1b1rqr1h3qlcZ+XVgRn4BxcAg9cgwa4A03QAgRE4AW8gXfn1flwPp2v+WrByW9OwQKc7z8sMKHQ</latexit>x2



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="4pTayhOc9KnUOTC661kjWhNyops=">AAACHHicbVBNSwMxEM36bf2qevQSLEJFKLsq6kUoeNFbBVuFbinZdNaGZj9IZsWy7A/x4l/x4kERLx4E/43ZbQ9aHQh5efNmMvO8WAqNtv1lTU3PzM7NLyyWlpZXVtfK6xstHSWKQ5NHMlI3HtMgRQhNFCjhJlbAAk/CtTc4y/PXd6C0iMIrHMbQCdhtKHzBGRqqWz5wARk9pcW1R93IiPNeqRsw7Ksg9UBmWbV4eX56n3Vxt1uu2DW7CPoXOGNQIeNodMsfbi/iSQAhcsm0bjt2jJ2UKRRcQlZyEw0x4wN2C20DQxaA7qTFchndMUyP+pEyJ0RasD8rUhZoPQw8o8yH1JO5nPwv107QP+mkIowThJCPPvITSTGiuVO0JxRwlEMDGFfCzEp5nynG0fhZMiY4kyv/Ba39mnNUO7w8rNQvxnYskC2yTarEIcekTs5JgzQJJw/kibyQV+vRerberPeRdMoa12ySX2F9fgPlPKH3</latexit>

⌘ = ⌘ + bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="R+esYslGu2G6iy7QVAef25U125E=">AAACMHicfVDJSgNBEO1xjXGLevTSGIR4CTMS1IsQ8KDeIpgoZELo6dTExp6F7hoxNPNJXvwUvSgo4tWvsLMc3PBBw+v3qqiqF6RSaHTdZ2dqemZ2br6wUFxcWl5ZLa2tt3SSKQ5NnshEXQZMgxQxNFGghMtUAYsCCRfB9dHQv7gBpUUSn+MghU7E+rEIBWdopW7p2I8YXqnIBCDzyugThOY27xrMd+ihHyrGzX81ufEBWd4tld2qOwL9TbwJKZMJGt3Sg99LeBZBjFwyrduem2LHMIWCS8iLfqYhZfya9aFtacwi0B0zOjin21bp0TBR9sVIR+rXDsMirQdRYCuH2+qf3lD8y2tnGB50jIjTDCHm40FhJikmdJge7QkFHOXAEsaVsLtSfsVsRmgzLtoQvJ8n/yat3aq3V62d1cr100kcBbJJtkiFeGSf1MkJaZAm4eSOPJIX8urcO0/Om/M+Lp1yJj0b5Bucj088w6ww</latexit>

bel(xt) =
bel(xt)

⌘

<latexit sha1_base64="Qt6HWV+TUY8CuuNhu9Sr87gp7tg=">AAACLnicbVBdS8MwFE39nPOr6qMvwSHMl9HKUF+EgQj6NsF9wFpGmqVbWJqWJBVH6S/yxb+iD4KK+OrPMO36MDcvBE7OPSe593gRo1JZ1ruxtLyyurZe2ihvbm3v7Jp7+20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOOrrN95IELSkN+rSUTcAA059SlGSlN989oJkBqJIPEIS6v5xfOTx7SfqPQEXjqhNmdvJ7O6BWHfrFg1Ky+4COwCVEBRzb756gxCHAeEK8yQlD3bipSbIKEoZiQtO7EkEcJjNCQ9DTkKiHSTfN0UHmtmAP1Q6MMVzNlZR4ICKSeBp5XZmHK+l5H/9Xqx8i/chPIoVoTj6Ud+zKAKYZYdHFBBsGITDRAWVM8K8QgJhJVOuKxDsOdXXgTt05p9Vqvf1SuN2yKOEjgER6AKbHAOGuAGNEELYPAEXsAH+DSejTfjy/ieSpeMwnMA/pTx8wuTbatW</latexit>

bel(xt) = bel(xt)

<latexit sha1_base64="uxvioJ50KOl/jTun3cuKF5Jd4wo=">AAAB+HicbVDLSsNAFL3xWeujUZduBosgCCWRom6EghvdVbAPaEOYTCft0MmDeQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgpQzqRzn21pZXVvf2Cxtlbd3dvcq9v5BWyZaENoiCU9EN8CSchbTlmKK024qKI4CTjvB+Cb3O49USJbED2qSUi/Cw5iFjGBlJN+u9COsRkGY6amvrs9c3646NWcGtEzcglShQNO3v/qDhOiIxopwLGXPdVLlZVgoRjidlvta0hSTMR7SnqExjqj0slnwKToxygCFiTAvVmim/t7IcCTlJArMZB5TLnq5+J/X0yq88jIWp1rRmMwPhZojlaC8BTRgghLFJ4ZgIpjJisgIC0yU6apsSnAXv7xM2uc196JWv69XG3dFHSU4gmM4BRcuoQG30IQWENDwDK/wZj1ZL9a79TEfXbGKnUP4A+vzB27akvg=</latexit>

ut = +1

<latexit sha1_base64="7+eyy7/T/ufPyUxQOlIs+tqzopI=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFUCFTBWYoGtSPQhtVHkuE5r1XEi20FUURYWfoWFAYRY+Qc2/gYnzQAtR7J0fM69uvceL2JUKsv6NkpLyyura+X1ysbm1vaOubvXkWEsMGnjkIWi5yFJGOWkrahipBcJggKPka43ucr87j0Rkob8Tk0j4gRoxKlPMVJacs3DQYDUWASJR1hayz+enzykbnKWnrhm1apbOeAisQtSBQVarvk1GIY4DghXmCEp+7YVKSdBQlHMSFoZxJJECE/QiPQ15Sgg0knyK1J4rJUh9EOhH1cwV393JCiQchp4ujJbU857mfif14+Vf+kklEexIhzPBvkxgyqEWSRwSAXBik01QVhQvSvEYyQQVjq4ig7Bnj95kXRO6/Z5vXHbqDZvijjK4AAcgRqwwQVogmvQAm2AwSN4Bq/gzXgyXox342NWWjKKnn3wB8bnDxqfmPw=</latexit>

bel(x3)

<latexit sha1_base64="3VGhqwoT4+cIihpx1N5fHcT0GTA=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjNa1GXBje4q2Ad0hpKkmTY0yQxJRixDf8ONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoYacqZpE3DDKedWFEkMKdtPLrN/PYTVZpF8tGMYxoINJAsZAQZK/m+QGaIw/R50rvslStu1Z0CLhMvJxWQo9Er//r9iCSCSkM40rrrubEJUqQMI5xOSn6iaYzICA1o11KJBNVBOs08gWdW6cMwUnakgVP1/0WKhNZjge1mllEvepm4yusmJrwJUibjxFBJZo/ChEMTwawA2GeKEsPHliCimM0KyRApRIytaWWCORFjMSnZqrzFYpZJ66LqXVVrD7VK/T4vrQhOwCk4Bx64BnVwBxqgCQiIwQt4A+/Oq/PhfDpfs9WCk98cgzk4338t2qHR</latexit>x3



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="4pTayhOc9KnUOTC661kjWhNyops=">AAACHHicbVBNSwMxEM36bf2qevQSLEJFKLsq6kUoeNFbBVuFbinZdNaGZj9IZsWy7A/x4l/x4kERLx4E/43ZbQ9aHQh5efNmMvO8WAqNtv1lTU3PzM7NLyyWlpZXVtfK6xstHSWKQ5NHMlI3HtMgRQhNFCjhJlbAAk/CtTc4y/PXd6C0iMIrHMbQCdhtKHzBGRqqWz5wARk9pcW1R93IiPNeqRsw7Ksg9UBmWbV4eX56n3Vxt1uu2DW7CPoXOGNQIeNodMsfbi/iSQAhcsm0bjt2jJ2UKRRcQlZyEw0x4wN2C20DQxaA7qTFchndMUyP+pEyJ0RasD8rUhZoPQw8o8yH1JO5nPwv107QP+mkIowThJCPPvITSTGiuVO0JxRwlEMDGFfCzEp5nynG0fhZMiY4kyv/Ba39mnNUO7w8rNQvxnYskC2yTarEIcekTs5JgzQJJw/kibyQV+vRerberPeRdMoa12ySX2F9fgPlPKH3</latexit>

⌘ = ⌘ + bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="R+esYslGu2G6iy7QVAef25U125E=">AAACMHicfVDJSgNBEO1xjXGLevTSGIR4CTMS1IsQ8KDeIpgoZELo6dTExp6F7hoxNPNJXvwUvSgo4tWvsLMc3PBBw+v3qqiqF6RSaHTdZ2dqemZ2br6wUFxcWl5ZLa2tt3SSKQ5NnshEXQZMgxQxNFGghMtUAYsCCRfB9dHQv7gBpUUSn+MghU7E+rEIBWdopW7p2I8YXqnIBCDzyugThOY27xrMd+ihHyrGzX81ufEBWd4tld2qOwL9TbwJKZMJGt3Sg99LeBZBjFwyrduem2LHMIWCS8iLfqYhZfya9aFtacwi0B0zOjin21bp0TBR9sVIR+rXDsMirQdRYCuH2+qf3lD8y2tnGB50jIjTDCHm40FhJikmdJge7QkFHOXAEsaVsLtSfsVsRmgzLtoQvJ8n/yat3aq3V62d1cr100kcBbJJtkiFeGSf1MkJaZAm4eSOPJIX8urcO0/Om/M+Lp1yJj0b5Bucj088w6ww</latexit>

bel(xt) =
bel(xt)

⌘

<latexit sha1_base64="Qt6HWV+TUY8CuuNhu9Sr87gp7tg=">AAACLnicbVBdS8MwFE39nPOr6qMvwSHMl9HKUF+EgQj6NsF9wFpGmqVbWJqWJBVH6S/yxb+iD4KK+OrPMO36MDcvBE7OPSe593gRo1JZ1ruxtLyyurZe2ihvbm3v7Jp7+20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOOrrN95IELSkN+rSUTcAA059SlGSlN989oJkBqJIPEIS6v5xfOTx7SfqPQEXjqhNmdvJ7O6BWHfrFg1Ky+4COwCVEBRzb756gxCHAeEK8yQlD3bipSbIKEoZiQtO7EkEcJjNCQ9DTkKiHSTfN0UHmtmAP1Q6MMVzNlZR4ICKSeBp5XZmHK+l5H/9Xqx8i/chPIoVoTj6Ud+zKAKYZYdHFBBsGITDRAWVM8K8QgJhJVOuKxDsOdXXgTt05p9Vqvf1SuN2yKOEjgER6AKbHAOGuAGNEELYPAEXsAH+DSejTfjy/ieSpeMwnMA/pTx8wuTbatW</latexit>

bel(xt) = bel(xt)

<latexit sha1_base64="uxvioJ50KOl/jTun3cuKF5Jd4wo=">AAAB+HicbVDLSsNAFL3xWeujUZduBosgCCWRom6EghvdVbAPaEOYTCft0MmDeQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgpQzqRzn21pZXVvf2Cxtlbd3dvcq9v5BWyZaENoiCU9EN8CSchbTlmKK024qKI4CTjvB+Cb3O49USJbED2qSUi/Cw5iFjGBlJN+u9COsRkGY6amvrs9c3646NWcGtEzcglShQNO3v/qDhOiIxopwLGXPdVLlZVgoRjidlvta0hSTMR7SnqExjqj0slnwKToxygCFiTAvVmim/t7IcCTlJArMZB5TLnq5+J/X0yq88jIWp1rRmMwPhZojlaC8BTRgghLFJ4ZgIpjJisgIC0yU6apsSnAXv7xM2uc196JWv69XG3dFHSU4gmM4BRcuoQG30IQWENDwDK/wZj1ZL9a79TEfXbGKnUP4A+vzB27akvg=</latexit>

ut = +1

<latexit sha1_base64="fhbbuIG2RxuG4rlmChj3OAu6iuQ=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSGVpUpQBYyVWGArEn1IbVQ5rtNatZ3IdhBVlIWFX2FhACFW/oGNv8FJM0DLkSwdn3Ov7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SOrp6cCuODUnB1wkbkEqoEBzYH/1hyGOOREaM6RUz3Ui7SVIaooZScv9WJEI4QkakZ6hAnGivCS/IoUnRhnCIJTmCQ1z9XdHgrhSU+6bymxNNe9l4n9eL9bBpZdQEcWaCDwbFMQM6hBmkcAhlQRrNjUEYUnNrhCPkURYm+DKJgR3/uRF0j6ruee1+m290rgp4iiBQ3AMqsAFF6ABrkETtAAGj+AZvII368l6sd6tj1npklX0HIA/sD5/ABwlmP0=</latexit>

bel(x4)

<latexit sha1_base64="rqvnIDhKVmCHaHeWEYsp1N2idP0=">AAACGXicbVDLSgMxFM34rPVVdekmWARXZUaKuiy40V0F+4DOUJI004YmmSHJiGWY33DjQn/Fnbh15Z+4NNPOwj4OXDiccy/3cHDMmTau++OsrW9sbm2Xdsq7e/sHh5Wj47aOEkVoi0Q8Ul2MNOVM0pZhhtNurCgSmNMOHt/mfueJKs0i+WgmMQ0EGkoWMoKMlXxfIDPCYfqc9ev9StWtuVPAZeIVpAoKNPuVX38QkURQaQhHWvc8NzZBipRhhNOs7CeaxoiM0ZD2LJVIUB2k08wZPLfKAIaRsiMNnKr/L1IktJ4IbDfzjHrRy8VVXi8x4U2QMhknhkoyexQmHJoI5gXAAVOUGD6xBBHFbFZIRkghYmxNKxPMiRiLrGyr8haLWSbty5p3Vas/1KuN+6K0EjgFZ+ACeOAaNMAdaIIWICAGL+ANvDuvzofz6XzNVtec4uYEzMH5/gMvhKHS</latexit>x4



Bayes filter

1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="uxvioJ50KOl/jTun3cuKF5Jd4wo=">AAAB+HicbVDLSsNAFL3xWeujUZduBosgCCWRom6EghvdVbAPaEOYTCft0MmDeQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgpQzqRzn21pZXVvf2Cxtlbd3dvcq9v5BWyZaENoiCU9EN8CSchbTlmKK024qKI4CTjvB+Cb3O49USJbED2qSUi/Cw5iFjGBlJN+u9COsRkGY6amvrs9c3646NWcGtEzcglShQNO3v/qDhOiIxopwLGXPdVLlZVgoRjidlvta0hSTMR7SnqExjqj0slnwKToxygCFiTAvVmim/t7IcCTlJArMZB5TLnq5+J/X0yq88jIWp1rRmMwPhZojlaC8BTRgghLFJ4ZgIpjJisgIC0yU6apsSnAXv7xM2uc196JWv69XG3dFHSU4gmM4BRcuoQG30IQWENDwDK/wZj1ZL9a79TEfXbGKnUP4A+vzB27akvg=</latexit>

ut = +1

<latexit sha1_base64="4pTayhOc9KnUOTC661kjWhNyops=">AAACHHicbVBNSwMxEM36bf2qevQSLEJFKLsq6kUoeNFbBVuFbinZdNaGZj9IZsWy7A/x4l/x4kERLx4E/43ZbQ9aHQh5efNmMvO8WAqNtv1lTU3PzM7NLyyWlpZXVtfK6xstHSWKQ5NHMlI3HtMgRQhNFCjhJlbAAk/CtTc4y/PXd6C0iMIrHMbQCdhtKHzBGRqqWz5wARk9pcW1R93IiPNeqRsw7Ksg9UBmWbV4eX56n3Vxt1uu2DW7CPoXOGNQIeNodMsfbi/iSQAhcsm0bjt2jJ2UKRRcQlZyEw0x4wN2C20DQxaA7qTFchndMUyP+pEyJ0RasD8rUhZoPQw8o8yH1JO5nPwv107QP+mkIowThJCPPvITSTGiuVO0JxRwlEMDGFfCzEp5nynG0fhZMiY4kyv/Ba39mnNUO7w8rNQvxnYskC2yTarEIcekTs5JgzQJJw/kibyQV+vRerberPeRdMoa12ySX2F9fgPlPKH3</latexit>

⌘ = ⌘ + bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="R+esYslGu2G6iy7QVAef25U125E=">AAACMHicfVDJSgNBEO1xjXGLevTSGIR4CTMS1IsQ8KDeIpgoZELo6dTExp6F7hoxNPNJXvwUvSgo4tWvsLMc3PBBw+v3qqiqF6RSaHTdZ2dqemZ2br6wUFxcWl5ZLa2tt3SSKQ5NnshEXQZMgxQxNFGghMtUAYsCCRfB9dHQv7gBpUUSn+MghU7E+rEIBWdopW7p2I8YXqnIBCDzyugThOY27xrMd+ihHyrGzX81ufEBWd4tld2qOwL9TbwJKZMJGt3Sg99LeBZBjFwyrduem2LHMIWCS8iLfqYhZfya9aFtacwi0B0zOjin21bp0TBR9sVIR+rXDsMirQdRYCuH2+qf3lD8y2tnGB50jIjTDCHm40FhJikmdJge7QkFHOXAEsaVsLtSfsVsRmgzLtoQvJ8n/yat3aq3V62d1cr100kcBbJJtkiFeGSf1MkJaZAm4eSOPJIX8urcO0/Om/M+Lp1yJj0b5Bucj088w6ww</latexit>

bel(xt) =
bel(xt)

⌘

<latexit sha1_base64="Qt6HWV+TUY8CuuNhu9Sr87gp7tg=">AAACLnicbVBdS8MwFE39nPOr6qMvwSHMl9HKUF+EgQj6NsF9wFpGmqVbWJqWJBVH6S/yxb+iD4KK+OrPMO36MDcvBE7OPSe593gRo1JZ1ruxtLyyurZe2ihvbm3v7Jp7+20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOOrrN95IELSkN+rSUTcAA059SlGSlN989oJkBqJIPEIS6v5xfOTx7SfqPQEXjqhNmdvJ7O6BWHfrFg1Ky+4COwCVEBRzb756gxCHAeEK8yQlD3bipSbIKEoZiQtO7EkEcJjNCQ9DTkKiHSTfN0UHmtmAP1Q6MMVzNlZR4ICKSeBp5XZmHK+l5H/9Xqx8i/chPIoVoTj6Ud+zKAKYZYdHFBBsGITDRAWVM8K8QgJhJVOuKxDsOdXXgTt05p9Vqvf1SuN2yKOEjgER6AKbHAOGuAGNEELYPAEXsAH+DSejTfjy/ieSpeMwnMA/pTx8wuTbatW</latexit>

bel(xt) = bel(xt)

<latexit sha1_base64="r046Zntvgk1+Dfh2ybctKpQobWI=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFWCymOsxAJbkehDaqPIcZ3WquNEtoOooiws/AoLAwix8g9s/A1OmgFajmTp+Jx7de89XsSoVJb1bZSWlldW18rrlY3Nre0dc3evI8NYYNLGIQtFz0OSMMpJW1HFSC8SBAUeI11vcpX53XsiJA35nZpGxAnQiFOfYqS05JqHgwCpsQgSj7C0ln88P3lI3eQsPXHNqlW3csBFYhekCgq0XPNrMAxxHBCuMENS9m0rUk6ChKKYkbQyiCWJEJ6gEelrylFApJPkV6TwWCtD6IdCP65grv7uSFAg5TTwdGW2ppz3MvE/rx8r/9JJKI9iRTieDfJjBlUIs0jgkAqCFZtqgrCgeleIx0ggrHRwFR2CPX/yIumc1u3zeuO2UW3eFHGUwQE4AjVggwvQBNegBdoAg0fwDF7Bm/FkvBjvxsestGQUPfvgD4zPHx2rmP4=</latexit>

bel(x5)

<latexit sha1_base64="dbfpk72h+85rdoJry7uPNoBhbMM=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjNSH8uCG91VsA/oDCVJM21okhmSjFiG/oYbF/or7sStK//EpZl2FvZx4MLhnHu5h4NjzrRx3R+nsLa+sblV3C7t7O7tH5QPj1o6ShShTRLxSHUw0pQzSZuGGU47saJIYE7beHSb+e0nqjSL5KMZxzQQaCBZyAgyVvJ9gcwQh+nzpHfZK1fcqjsFXCZeTiogR6NX/vX7EUkElYZwpHXXc2MTpEgZRjidlPxE0xiRERrQrqUSCaqDdJp5As+s0odhpOxIA6fq/4sUCa3HAtvNLKNe9DJxlddNTHgTpEzGiaGSzB6FCYcmglkBsM8UJYaPLUFEMZsVkiFSiBhb08oEcyLGYlKyVXmLxSyT1kXVu6rWHmqV+n1eWhGcgFNwDjxwDergDjRAExAQgxfwBt6dV+fD+XS+ZqsFJ785BnNwvv8AMS6h0w==</latexit>x5



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

<latexit sha1_base64="pzF2RxbqFq4QHQtc3etXv8FLURE=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3aMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+LOZv4</latexit>

p(zt = 1|xt)

one marker at known locations

inaccurate sensor
+

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

WTF?

<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

3. Measurement update (new      received):
For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt

Next step we get detection!



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="pzF2RxbqFq4QHQtc3etXv8FLURE=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3aMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+LOZv4</latexit>

p(zt = 1|xt)

<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

<latexit sha1_base64="pzF2RxbqFq4QHQtc3etXv8FLURE=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3aMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+LOZv4</latexit>

p(zt = 1|xt)

3 undistinguishable markers

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)
<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

kidnaped robot problem
<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt

Next step we get detection!



<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="pzF2RxbqFq4QHQtc3etXv8FLURE=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3aMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+LOZv4</latexit>

p(zt = 1|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt

Next step we get detection!



<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

breakpoint

1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="pzF2RxbqFq4QHQtc3etXv8FLURE=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3aMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+LOZv4</latexit>

p(zt = 1|xt)

= ???

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="pzF2RxbqFq4QHQtc3etXv8FLURE=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3aMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+LOZv4</latexit>

p(zt = 1|xt)

<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

breakpoint

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



1. Initialization:
2. Prediction step (new action       performed):

3. Measurement update (new      received):

<latexit sha1_base64="qXfJihixK90E091bcWjPKcvhDTs="></latexit>

bel(xt) =

Z
p(xt|xt�1,ut)bel(xt�1)dxt�1

<latexit sha1_base64="9vVB55kkT6XQOgNx3rrnHZH1QPc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxIUZcFN7qrYB/QDiWTZtrQJDMkGbEMs3Ljr7hxoYhbv8Gdf2NmOgttPRA4Oede7r3HjxhV2nG+raXlldW19dJGeXNre2fX3ttvqzCWmLRwyELZ9ZEijArS0lQz0o0kQdxnpONPrjK/c0+koqG409OIeByNBA0oRtpIA/uoz5EeS574hKXV/OMHyUM6SJz0FA7silNzcsBF4hakAgo0B/ZXfxjimBOhMUNK9Vwn0l6CpKaYkbTcjxWJEJ6gEekZKhAnykvyM1J4YpQhDEJpntAwV393JIgrNeW+qcz2VPNeJv7n9WIdXHoJFVGsicCzQUHMoA5hlgkcUkmwZlNDEJbU7ArxGEmEtUmubEJw509eJO2zmnteq9/WK42bIo4SOATHoApccAEa4Bo0QQtg8AiewSt4s56sF+vd+piVLllFzwH4A+vzB3bsmSM=</latexit>

bel(x0)

4. Repeat from 2:
<latexit sha1_base64="rNDkl2958bknSf339a4PFE2mhUg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoRAl70FsE8JFnC7GSSDJmdXWZ6hbDkK7x4UMSrn+PNv3GS7EETCxqKqm66u4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s0nro2I1AOOY+6HdKBEXzCKVnpEck2QnBGvWyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/mpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeO87F2UK/eVUvUuiyMPR3AMp+DBJVThFmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH2+ujuU=</latexit>

t = t+ 1

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="JPR9EcOmKZnS/2DNqgzPBZCDmh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1uzyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4A1uiNig==</latexit>

t = 1,
<latexit sha1_base64="UsDtEVI6bqzGwW9gmzb0OtIT3fQ=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlwo7sK9gFNKZPppB06mYSZO0IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMBVco+d9O6W19Y3NrfJ2ZWd3b/+genjU1olRlLVoIhLVDYlmgkvWQo6CdVPFSBwK1gknt7nfeWJK80Q+4jRl/ZiMJI84JWilIIgJjsMoM7MBDqo1r+7N4a4SvyA1KNAcVL+CYUJNzCRSQbTu+V6K/Ywo5FSwWSUwmqWETsiI9SyVJGa6n80zz9wzqwzdKFH2SXTn6u+NjMRaT+PQTuYZ9bKXi/95PYPRTT/jMjXIJF0cioxwMXHzAtwhV4yimFpCqOI2q0vHRBGKtqaKLcFf/vIqaV/U/av65cNlrXFf1FGGEziFc/DhGhpwB01oAYUUnuEV3hzjvDjvzsditOQUO8fwB87nD5BgkhA=</latexit>ut

<latexit sha1_base64="3YXzmLwTzowkaIanuLwJmg9fqGw=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN0IN/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCYA5IV</latexit>zt

<latexit sha1_base64="oTZdiPYR3ZFnVSiX3VQejUqLXJA=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQN2VGiroRCm50V8E+oB1KJs20oZkHSUas43yAG3/FjQtF3PoB7vwb0+kI2nogcDjnXHLvcULOpDLNLyO3sLi0vJJfLaytb2xuFbd3mjKIBKENEvBAtB0sKWc+bSimOG2HgmLP4bTljM4nfuuGCskC/1qNQ2p7eOAzlxGstNQrlsJy18Nq6LjxXdKLVXJm3qMf5TZVDnXKrJgp0DyxMlKCDPVe8bPbD0jkUV8RjqXsWGao7BgLxQinSaEbSRpiMsID2tHUxx6Vdpwek6ADrfSRGwj9fIVS9fdEjD0px56jk5M15aw3Ef/zOpFyT+2Y+WGkqE+mH7kRRypAk2ZQnwlKFB9rgolgeldEhlhgonR/BV2CNXvyPGkeVazjSvWqWqpdZnXkYQ/2oQwWnEANLqAODSDwAE/wAq/Go/FsvBnv02jOyGZ24Q+Mj2+JpJv3</latexit>

p(zt = 0|xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="gslUg2M0ZwxAugvYTEz3hxKSmPw=">AAACUHicbVHLTgIxFL2DL8TXqEs3jcQEN2TGEHVjQuJGd5jIIwFCOqUDDZ1H2o4Rx/lEN+z8DjcuNNoZ0CB4k6an557ee3vqhJxJZVmvRm5ldW19I79Z2Nre2d0z9w8aMogEoXUS8EC0HCwpZz6tK6Y4bYWCYs/htOmMrtN884EKyQL/Xo1D2vXwwGcuI1hpqmcOOh5WQ+HFDuVJKTs4bvyY9GKVnKIrFP5yTxn3jBY0nUCXT7vH85WWSvXMolW2skDLwJ6BIsyi1jMnnX5AIo/6inAsZdu2QtWNsVCMcJoUOpGkISYjPKBtDX3sUdmNM0MSdKKZPnIDoZevUMbO34ixJ+XYc7QyHVMu5lLyv1w7Uu5lN2Z+GCnqk2kjN+JIBSh1F/WZoETxsQaYCKZnRWSIBSZK/0FBm2AvPnkZNM7K9nm5clcpVm9nduThCI6hBDZcQBVuoAZ1IPACb/ABn8bEeDe+csZU+rPDIfyJXOEbfj64PQ==</latexit>

bel(xt) = p(zt|xt)bel(xt)

For all <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt<latexit sha1_base64="oPopBf3XouVg8zoMRBeABYYnn8E=">AAACLXicfVDLSgMxFM34rPU16tJNsAh1U2akqBuhoAvdVbAP6Awlk2ba0MyDJCOWMD/kxl8RwUVF3PobZqaz0FY8EDg5517uvceLGRXSsqbG0vLK6tp6aaO8ubW9s2vu7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxtfZX7ngXBBo/BeTmLiBmgYUp9iJLXUN6+dAMkRD5RHWFrNP56vHtO+kukJvHR8jrD6ryZVIu2bFatm5YCLxC5IBRRo9s1XZxDhJCChxAwJ0bOtWLoKcUkxI2nZSQSJER6jIelpGqKACFfl16bwWCsD6Edcv1DCXP3ZoVAgxCTwdGW2qpj3MvEvr5dI/8JVNIwTSUI8G+QnDMoIZtHBAeUESzbRBGFO9a4Qj5AOSOqAyzoEe/7kRdI+rdlntfpdvdK4LeIogUNwBKrABuegAW5AE7QABk/gBUzBu/FsvBkfxuesdMkoeg7ALxhf37+gqu8=</latexit>

bel(xt) =
bel(xt)

s

Bayes filter

<latexit sha1_base64="BewCH+BMehrVzReAyFIWKfNRyO4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqQkmkqBuh4EZ3FewD2hAm00k7dCYJMxOxhOzd+CtuXCji1h9w5984SbPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JleZ370nQtIwuFPTiDgcjQLqU4yUllyzIuEllPAEDjhSY8ETj7C0ln88P3lIXXXsmlWrbuWAi8QuSBUUaLnm12AY4piTQGGGpOzbVqScBAlFMSNpeRBLEiE8QSPS1zRAnEgnyW9J4ZFWhtAPhX6Bgrn6uyNBXMop93RltqSc9zLxP68fK//CSWgQxYoEeDbIjxlUIcyCgUMqCFZsqgnCgupdIR4jgbDS8ZV1CPb8yYukc1q3z+qN20a1eVPEUQKHoAJqwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PWemSUfQcgD8wPn8AwcmaTw==</latexit>

s = s+ bel(xt)

<latexit sha1_base64="HfQD88NIJjdYzSgu1yGCF845H4o=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLgRncV7AM6Q0nSTBuaZIYkI5ZhfsONC/0Vd+LWlX/i0kw7C/s4cOFwzr3cw8ExZ9q47o9TWlvf2Nwqb1d2dvf2D6qHR20dJYrQFol4pLoYacqZpC3DDKfdWFEkMKcdPL7N/c4TVZpF8tFMYhoINJQsZAQZK/m+QGaEw/Q565t+tebW3SngMvEKUgMFmv3qrz+ISCKoNIQjrXueG5sgRcowwmlW8RNNY0TGaEh7lkokqA7SaeYMnlllAMNI2ZEGTtX/FykSWk8Etpt5Rr3o5eIqr5eY8CZImYwTQyWZPQoTDk0E8wLggClKDJ9YgohiNiskI6QQMbamlQnmRIxFVrFVeYvFLJP2Rd27ql8+XNYa90VpZXACTsE58MA1aIA70AQtQEAMXsAbeHdenQ/n0/marZac4uYYzMH5/gOaBKIS</latexit>xt



Summary: Bayes filter

• Drawbacks / Advantages Bayes filter?

https://cs.wikipedia.org/wiki/Thomas_Bayes https://cs.wikipedia.org/wiki/Andrej_Markov

• Markov assumption (complete states)

https://cs.wikipedia.org/wiki/Rudolf_Emil_K%C3%A1lm%C3%A1n

• Next: Kalman filter


