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Recap

• Stationary Dynamics

• Markov Assumption

P (Zt|X0:t, U0:t) = P (Zt|Xt)
<latexit sha1_base64="k87l7V+x5LGe4TDQNe410RPbLMU=">AAACE3icbZBLSwMxFIUz9VXrq+rSTbAIVaTMWPEFQtGNywr2gW0ZMmnahmYeJHeEMvY/uPGvuHGhiFs37vw3ZtpBqvVA4OOcG5J7nEBwBab5ZaRmZufmF9KLmaXlldW17PpGVfmhpKxCfeHLukMUE9xjFeAgWD2QjLiOYDWnfxnntTsmFfe9GxgErOWSrsc7nBLQlp3dK+dvbcD3uG5H5hkM93FlDLv4HE9k2rCzObNgjoSnwUoghxKV7exns+3T0GUeUEGUalhmAK2ISOBUsGGmGSoWENonXdbQ6BGXqVY02mmId7TTxh1f6uMBHrmTNyLiKjVwHT3pEuipv1ls/pc1QuictCLuBSEwj44f6oQCg4/jgnCbS0ZBDDQQKrn+K6Y9IgkFXWNmVMJprKOflaehelCwioXi9WGudJHUkUZbaBvlkYWOUQldoTKqIIoe0BN6Qa/Go/FsvBnv49GUkdzZRL9kfHwDlFmbnQ==</latexit>

P (Xt|X0:t�1, U0:t) = P (Xt|Xt�1, Ut)
<latexit sha1_base64="MkZUMvd+NgNPfBDXJZzd5TNebMo=">AAACHnicbZBLSwMxFIUz9VXrq+rSTbAIFbTMWN8gFN24rGAf0JYhk6ZtaOZBckco4/wSN/4VNy4UEVzpvzGdllIfBwIf59yQ3OMEgiswzS8jNTM7N7+QXswsLa+srmXXN6rKDyVlFeoLX9YdopjgHqsAB8HqgWTEdQSrOf2rYV67Y1Jx37uFQcBaLul6vMMpAW3Z2aNyvm4Dvsd1OzLPYd+K93AlwXgXX+CpdJLpxM7mzIKZCP8Faww5NFbZzn402z4NXeYBFUSphmUG0IqIBE4FizPNULGA0D7psoZGj7hMtaJkvRjvaKeNO77UxwOcuNM3IuIqNXAdPekS6Knf2dD8L2uE0DltRdwLQmAeHT3UCQUGHw+7wm0uGQUx0ECo5PqvmPaIJBR0o5mkhLOhjicr/4XqQcEqFoo3h7nS5biONNpC2yiPLHSCSugalVEFUfSAntALejUejWfjzXgfjaaM8Z1N9EPG5zeHTp8v</latexit>

P (Xt|X0:t�1, U0:t) = P (Xt|Xt�1, Ut)
<latexit sha1_base64="MkZUMvd+NgNPfBDXJZzd5TNebMo=">AAACHnicbZBLSwMxFIUz9VXrq+rSTbAIFbTMWN8gFN24rGAf0JYhk6ZtaOZBckco4/wSN/4VNy4UEVzpvzGdllIfBwIf59yQ3OMEgiswzS8jNTM7N7+QXswsLa+srmXXN6rKDyVlFeoLX9YdopjgHqsAB8HqgWTEdQSrOf2rYV67Y1Jx37uFQcBaLul6vMMpAW3Z2aNyvm4Dvsd1OzLPYd+K93AlwXgXX+CpdJLpxM7mzIKZCP8Faww5NFbZzn402z4NXeYBFUSphmUG0IqIBE4FizPNULGA0D7psoZGj7hMtaJkvRjvaKeNO77UxwOcuNM3IuIqNXAdPekS6Knf2dD8L2uE0DltRdwLQmAeHT3UCQUGHw+7wm0uGQUx0ECo5PqvmPaIJBR0o5mkhLOhjicr/4XqQcEqFoo3h7nS5biONNpC2yiPLHSCSugalVEFUfSAntALejUejWfjzXgfjaaM8Z1N9EPG5zeHTp8v</latexit>
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P (xt|z1:t, u1:t) = P (xt|zt, z1:t�1, u1:t)

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

P (zt|z1:t�1, u1:t)

= ⌘P (zt|xt, z1:t�1, u1:t)P (xt|z1:t�1, u1:t)

= ⌘P (zt|xt)
X

xt�1

P (xt, xt�1|z1:t�1, u1:t)

= ⌘P (zt|xt)
X

xt�1

P (xt|xt�1, z1:t�1, u1:t)

= ⌘P (zt|xt)
X

xt�1

P (xt|xt�1, z1:t�1, u1:t)P (xt�1|z1:t�1, u1:t)

= ⌘P (zt|xt)
X

xt�1

P (xt|xt�1, z1:t�1, u1:t)P (xt�1|z1:t�1, u1:t�1)
<latexit sha1_base64="BHsspBSui34e3yPHzDpfHT34I70="></latexit>
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<latexit sha1_base64="BHsspBSui34e3yPHzDpfHT34I70="></latexit>
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<latexit sha1_base64="kkfdY8x5aVaiJe+hyDpr7FKBG94="></latexit>
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<latexit sha1_base64="kkfdY8x5aVaiJe+hyDpr7FKBG94="></latexit>
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<latexit sha1_base64="nr3i0sk4dqmGG0RRapS9NZQks1k="></latexit>
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P (xt|z1:t, u1:t) = ⌘P (zt|xt)
X

xt�1

P (xt|xt�1, ut)P (xt�1|z1:t�1, u1:t�1)

b(xt) = ⌘P (zt|xt)
X

xt�1

P (xt|xt�1, ut)b(xt�1)
<latexit sha1_base64="OQb011gLaDn1Gtr6MRdHAOrjxTI="></latexit>
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P (xt|z1:t, u1:t) = ⌘P (zt|xt)

X

xt�1

P (xt|xt�1, z1:t�1, u1:t)P (xt�1|z1:t�1, u1:t�1)

b(xt) = ⌘P (zt|xt)
X

xt�1

P (xt|xt�1, z1:t�1, u1:t)b(xt�1)
<latexit sha1_base64="qX7FSFz0y7IuiL1yFA/cZW+GQ/w="></latexit>

Algorithm Bayes Filter(b(xt-1), ut , zt)
For all xt do:

Endfor
Return  

b(xt) = ⌘P (zt|xt)b̄(xt)
<latexit sha1_base64="nhlUQHefQSPJjqiajfJXHHZLpmA=">AAACEXicbVDLSsNAFJ3UV62vqks3g0VoNyWx4mMhFN24rGAf0IYwmU7aoZMHMzdijfkFN/6KGxeKuHXnzr8xaYOo9cCFwzn3cu89diC4Al3/1HJz8wuLS/nlwsrq2vpGcXOrpfxQUtakvvBlxyaKCe6xJnAQrBNIRlxbsLY9Ok/99jWTivveFYwDZrpk4HGHUwKJZBXLkR2Xbyyo4NMeA4Ib5VsL7lKhZxM5NSOIKwWrWNKr+gR4lhgZKaEMDav40ev7NHSZB1QQpbqGHoAZEQmcChYXeqFiAaEjMmDdhHrEZcqMJh/FeC9R+tjxZVIe4In6cyIirlJj1046XQJD9ddLxf+8bgjOsRlxLwiBeXS6yAkFBh+n8eA+l4yCGCeEUMmTWzEdEkkoJCFOQzhJcfj98ixp7VeNWrV2eVCqn2Vx5NEO2kVlZKAjVEcXqIGaiKJ79Iie0Yv2oD1pr9rbtDWnZTPb6Be09y8jTZy5</latexit>

b̄(xt) =
X

xt�1

P (xt|xt�1, ut)b(xt�1)
<latexit sha1_base64="o1A/yq8ymaP7Lt1oX4Uzv28MDjI="></latexit>

b(xt) = ⌘P (zt|xt)b̄(xt)
<latexit sha1_base64="nhlUQHefQSPJjqiajfJXHHZLpmA=">AAACEXicbVDLSsNAFJ3UV62vqks3g0VoNyWx4mMhFN24rGAf0IYwmU7aoZMHMzdijfkFN/6KGxeKuHXnzr8xaYOo9cCFwzn3cu89diC4Al3/1HJz8wuLS/nlwsrq2vpGcXOrpfxQUtakvvBlxyaKCe6xJnAQrBNIRlxbsLY9Ok/99jWTivveFYwDZrpk4HGHUwKJZBXLkR2Xbyyo4NMeA4Ib5VsL7lKhZxM5NSOIKwWrWNKr+gR4lhgZKaEMDav40ev7NHSZB1QQpbqGHoAZEQmcChYXeqFiAaEjMmDdhHrEZcqMJh/FeC9R+tjxZVIe4In6cyIirlJj1046XQJD9ddLxf+8bgjOsRlxLwiBeXS6yAkFBh+n8eA+l4yCGCeEUMmTWzEdEkkoJCFOQzhJcfj98ixp7VeNWrV2eVCqn2Vx5NEO2kVlZKAjVEcXqIGaiKJ79Iie0Yv2oD1pr9rbtDWnZTPb6Be09y8jTZy5</latexit>



Example

States:

Observations:

Actions: 

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>



Example

States:

Observations:

Actions:

Sensor Model:  

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>



Example

States:

Observations:

Actions:

Sensor Model:

Action Model:   

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>



Example

States:

Observations:

Actions:

Sensor Model:

Action Model:   

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

P (xt = open|xt�1 = open, ut = do� nothing) = 1.0

P (xt = closed|xt�1 = open, ut = do� nothing) = 0.0

P (xt = open|xt�1 = closed, ut = do� nothing) = 0.0

P (xt = closed|xt�1 = closed, ut = do� nothing) = 1.0
<latexit sha1_base64="vBrGAS+gR1NLY/kVD/cblfRI5S8="></latexit>



Example
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   



Example

• In the beginning, we don’t know if the door is open or 
closed. 

• How can we model the initial belief? 



t = 0
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

b(x0 = open) = 0.5

b(x0 = closed) = 0.5
<latexit sha1_base64="e4N8B0fxjrtiO0uhEpjSCY5TZtk=">AAACF3icbVDLTgJBEJzFF+IL9ehlItHgZbOIzwMJ0YtHTOSRACGzQwMTZmc2M7NGQvgLL/6KFw8a41Vv/o27CxgVK+mkUtWd7i7X50wbx/m0EnPzC4tLyeXUyura+kZ6c6uiZaAolKnkUtVcooEzAWXDDIear4B4Loeq27+M/OotKM2kuDEDH5oe6QrWYZSYUGqlbTd713JwAUsfxAHeL2DHPsaNRmqqUy41tKdOK51xbCcGniW5CcmgCUqt9EejLWnggTCUE63rOcc3zSFRhlEOo1Qj0OAT2iddqIdUEA90cxj/NcJ7odLGHanCEgbH6s+JIfG0Hnhu2OkR09N/vUj8z6sHpnPWHDLhBwYEHS/qBBwbiaOQcJspoIYPQkKoYuGtmPaIItSEUabiEM4jnHy/PEsqh3Yub+evjzLFi0kcSbSDdlEW5dApKqIrVEJlRNE9ekTP6MV6sJ6sV+tt3JqwJjPb6Bes9y9pJJqW</latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

b(x0 = open) = 0.5

b(x0 = closed) = 0.5
<latexit sha1_base64="e4N8B0fxjrtiO0uhEpjSCY5TZtk=">AAACF3icbVDLTgJBEJzFF+IL9ehlItHgZbOIzwMJ0YtHTOSRACGzQwMTZmc2M7NGQvgLL/6KFw8a41Vv/o27CxgVK+mkUtWd7i7X50wbx/m0EnPzC4tLyeXUyura+kZ6c6uiZaAolKnkUtVcooEzAWXDDIear4B4Loeq27+M/OotKM2kuDEDH5oe6QrWYZSYUGqlbTd713JwAUsfxAHeL2DHPsaNRmqqUy41tKdOK51xbCcGniW5CcmgCUqt9EejLWnggTCUE63rOcc3zSFRhlEOo1Qj0OAT2iddqIdUEA90cxj/NcJ7odLGHanCEgbH6s+JIfG0Hnhu2OkR09N/vUj8z6sHpnPWHDLhBwYEHS/qBBwbiaOQcJspoIYPQkKoYuGtmPaIItSEUabiEM4jnHy/PEsqh3Yub+evjzLFi0kcSbSDdlEW5dApKqIrVEJlRNE9ekTP6MV6sJ6sV+tt3JqwJjPb6Bes9y9pJJqW</latexit>

Assume that the robot does nothing in the first time-step 
and then senses an open door! 



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

b(x0 = open) = 0.5

b(x0 = closed) = 0.5
<latexit sha1_base64="e4N8B0fxjrtiO0uhEpjSCY5TZtk=">AAACF3icbVDLTgJBEJzFF+IL9ehlItHgZbOIzwMJ0YtHTOSRACGzQwMTZmc2M7NGQvgLL/6KFw8a41Vv/o27CxgVK+mkUtWd7i7X50wbx/m0EnPzC4tLyeXUyura+kZ6c6uiZaAolKnkUtVcooEzAWXDDIear4B4Loeq27+M/OotKM2kuDEDH5oe6QrWYZSYUGqlbTd713JwAUsfxAHeL2DHPsaNRmqqUy41tKdOK51xbCcGniW5CcmgCUqt9EejLWnggTCUE63rOcc3zSFRhlEOo1Qj0OAT2iddqIdUEA90cxj/NcJ7odLGHanCEgbH6s+JIfG0Hnhu2OkR09N/vUj8z6sHpnPWHDLhBwYEHS/qBBwbiaOQcJspoIYPQkKoYuGtmPaIItSEUabiEM4jnHy/PEsqh3Yub+evjzLFi0kcSbSDdlEW5dApKqIrVEJlRNE9ekTP6MV6sJ6sV+tt3JqwJjPb6Bes9y9pJJqW</latexit>

Assume that the robot does nothing in the first time-step 
and then senses an open door! 
u1 = do� nothing

z1 = sense� open
<latexit sha1_base64="LzEkQcq3fqoLULH5RKZr5tmodv4=">AAACEHicbVDLSgMxFM34rOOr6tJNsPjYtMxY8bEQim5cVrAP6JSSSW/b0EwyJBmhln6CG3/FjQtF3Lp059+YPhC1HggczjmXm3vCmDNtPO/TmZmdm19YTC25yyura+vpjc2ylomiUKKSS1UNiQbOBJQMMxyqsQIShRwqYfdy6FduQWkmxY3pxVCPSFuwFqPEWKmR3k8aPt47x02ZFdJ0mGjjIMDu3VjVIDRkZQw2mfFy3gh4mvgTkkETFBvpj6ApaRKBMJQTrWu+F5t6nyjDKIeBGyQaYkK7pA01SwWJQNf7o4MGeNcqTdySyj5h8Ej9OdEnkda9KLTJiJiO/usNxf+8WmJap/U+E3FiQNDxolbCsZF42A5uMgXU8J4lhCpm/4pphyhCje3QHZVwNsTx98nTpHyY8/O5/PVRpnAxqSOFttEOOkA+OkEFdIWKqIQoukeP6Bm9OA/Ok/PqvI2jM85kZgv9gvP+BcbPmrM=</latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

b(x0 = open) = 0.5

b(x0 = closed) = 0.5
<latexit sha1_base64="e4N8B0fxjrtiO0uhEpjSCY5TZtk=">AAACF3icbVDLTgJBEJzFF+IL9ehlItHgZbOIzwMJ0YtHTOSRACGzQwMTZmc2M7NGQvgLL/6KFw8a41Vv/o27CxgVK+mkUtWd7i7X50wbx/m0EnPzC4tLyeXUyura+kZ6c6uiZaAolKnkUtVcooEzAWXDDIear4B4Loeq27+M/OotKM2kuDEDH5oe6QrWYZSYUGqlbTd713JwAUsfxAHeL2DHPsaNRmqqUy41tKdOK51xbCcGniW5CcmgCUqt9EejLWnggTCUE63rOcc3zSFRhlEOo1Qj0OAT2iddqIdUEA90cxj/NcJ7odLGHanCEgbH6s+JIfG0Hnhu2OkR09N/vUj8z6sHpnPWHDLhBwYEHS/qBBwbiaOQcJspoIYPQkKoYuGtmPaIItSEUabiEM4jnHy/PEsqh3Yub+evjzLFi0kcSbSDdlEW5dApKqIrVEJlRNE9ekTP6MV6sJ6sV+tt3JqwJjPb6Bes9y9pJJqW</latexit>

Assume that the robot does nothing in the first time-step 
and then senses an open door! 
u1 = do� nothing

z1 = sense� open
<latexit sha1_base64="LzEkQcq3fqoLULH5RKZr5tmodv4=">AAACEHicbVDLSgMxFM34rOOr6tJNsPjYtMxY8bEQim5cVrAP6JSSSW/b0EwyJBmhln6CG3/FjQtF3Lp059+YPhC1HggczjmXm3vCmDNtPO/TmZmdm19YTC25yyura+vpjc2ylomiUKKSS1UNiQbOBJQMMxyqsQIShRwqYfdy6FduQWkmxY3pxVCPSFuwFqPEWKmR3k8aPt47x02ZFdJ0mGjjIMDu3VjVIDRkZQw2mfFy3gh4mvgTkkETFBvpj6ApaRKBMJQTrWu+F5t6nyjDKIeBGyQaYkK7pA01SwWJQNf7o4MGeNcqTdySyj5h8Ej9OdEnkda9KLTJiJiO/usNxf+8WmJap/U+E3FiQNDxolbCsZF42A5uMgXU8J4lhCpm/4pphyhCje3QHZVwNsTx98nTpHyY8/O5/PVRpnAxqSOFttEOOkA+OkEFdIWKqIQoukeP6Bm9OA/Ok/PqvI2jM85kZgv9gvP+BcbPmrM=</latexit>

Belief update equation: b(xt) = ⌘P (zt|xt)
X

xt�1

P (xt|xt�1, ut)b(xt�1)
<latexit sha1_base64="/NrQjb11p/JxmSfp3LfA3hklLOk="></latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

b(x0 = open) = 0.5

b(x0 = closed) = 0.5
<latexit sha1_base64="e4N8B0fxjrtiO0uhEpjSCY5TZtk=">AAACF3icbVDLTgJBEJzFF+IL9ehlItHgZbOIzwMJ0YtHTOSRACGzQwMTZmc2M7NGQvgLL/6KFw8a41Vv/o27CxgVK+mkUtWd7i7X50wbx/m0EnPzC4tLyeXUyura+kZ6c6uiZaAolKnkUtVcooEzAWXDDIear4B4Loeq27+M/OotKM2kuDEDH5oe6QrWYZSYUGqlbTd713JwAUsfxAHeL2DHPsaNRmqqUy41tKdOK51xbCcGniW5CcmgCUqt9EejLWnggTCUE63rOcc3zSFRhlEOo1Qj0OAT2iddqIdUEA90cxj/NcJ7odLGHanCEgbH6s+JIfG0Hnhu2OkR09N/vUj8z6sHpnPWHDLhBwYEHS/qBBwbiaOQcJspoIYPQkKoYuGtmPaIItSEUabiEM4jnHy/PEsqh3Yub+evjzLFi0kcSbSDdlEW5dApKqIrVEJlRNE9ekTP6MV6sJ6sV+tt3JqwJjPb6Bes9y9pJJqW</latexit>

Assume that the robot does nothing in the first time-step 
and then senses an open door! 

b(x1) = ⌘P (z1|x1)
X

x0

P (x1|x0, u1)b(x0)
<latexit sha1_base64="mvXYUmZcCxUx21UX2u1sjQ5oa+w="></latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

b(x0 = open) = 0.5

b(x0 = closed) = 0.5
<latexit sha1_base64="e4N8B0fxjrtiO0uhEpjSCY5TZtk=">AAACF3icbVDLTgJBEJzFF+IL9ehlItHgZbOIzwMJ0YtHTOSRACGzQwMTZmc2M7NGQvgLL/6KFw8a41Vv/o27CxgVK+mkUtWd7i7X50wbx/m0EnPzC4tLyeXUyura+kZ6c6uiZaAolKnkUtVcooEzAWXDDIear4B4Loeq27+M/OotKM2kuDEDH5oe6QrWYZSYUGqlbTd713JwAUsfxAHeL2DHPsaNRmqqUy41tKdOK51xbCcGniW5CcmgCUqt9EejLWnggTCUE63rOcc3zSFRhlEOo1Qj0OAT2iddqIdUEA90cxj/NcJ7odLGHanCEgbH6s+JIfG0Hnhu2OkR09N/vUj8z6sHpnPWHDLhBwYEHS/qBBwbiaOQcJspoIYPQkKoYuGtmPaIItSEUabiEM4jnHy/PEsqh3Yub+evjzLFi0kcSbSDdlEW5dApKqIrVEJlRNE9ekTP6MV6sJ6sV+tt3JqwJjPb6Bes9y9pJJqW</latexit>

Assume that the robot does nothing in the first time-step 
and then senses an open door! 

b(x1) = ⌘P (z1|x1)
X

x0

P (x1|x0, u1)b(x0)
<latexit sha1_base64="mvXYUmZcCxUx21UX2u1sjQ5oa+w="></latexit>

Bayes Filter

b̄(x1) =
X

x0

P (x1|x0, u1)b(x0)

b(x1) = ⌘P (z1|x1)b̄(x1)
<latexit sha1_base64="WB6ACSW4nU9M4YQiEcrEOTBikz0="></latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

Bayes Filter

b̄(x1) =
X

x0

P (x1|x0, u1)b(x0)

b(x1) = ⌘P (z1|x1)b̄(x1)
<latexit sha1_base64="WB6ACSW4nU9M4YQiEcrEOTBikz0="></latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

Bayes Filter

b̄(x1) =
X

x0

P (x1|x0, u1)b(x0)

b(x1) = ⌘P (z1|x1)b̄(x1)
<latexit sha1_base64="WB6ACSW4nU9M4YQiEcrEOTBikz0="></latexit>

b̄(x1 = open) = P (x1 = open|x0 = open, u1 = do� nothing)b(x0 = open)

+ P (x1 = open|x0 = closed, u1 = do� nothing)b(x0 = closed)

b̄(x1 = open) = 1.0 ⇤ 0.5 + 0.0 ⇤ 0.5
<latexit sha1_base64="7IBdKfBFLxV1kN43nT3zR3u12SE="></latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

Bayes Filter

b̄(x1) =
X

x0

P (x1|x0, u1)b(x0)

b(x1) = ⌘P (z1|x1)b̄(x1)
<latexit sha1_base64="WB6ACSW4nU9M4YQiEcrEOTBikz0="></latexit>

b̄(x1 = closed) = P (x1 = closed|x0 = open, u1 = do� nothing)b(x0 = open)

+ P (x1 = closed|x0 = closed, u1 = do� nothing)b(x0 = closed)

b̄(x1 = closed) = 0.0 ⇤ 0.5 + 1.0 ⇤ 0.5
<latexit sha1_base64="VIQK7D06Ru1lVLXQv8EhxgnJLVI="></latexit>

b̄(x1 = open) = P (x1 = open|x0 = open, u1 = do� nothing)b(x0 = open)

+ P (x1 = open|x0 = closed, u1 = do� nothing)b(x0 = closed)

b̄(x1 = open) = 1.0 ⇤ 0.5 + 0.0 ⇤ 0.5
<latexit sha1_base64="7IBdKfBFLxV1kN43nT3zR3u12SE="></latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

Bayes Filter

b̄(x1) =
X

x0

P (x1|x0, u1)b(x0)

b(x1) = ⌘P (z1|x1)b̄(x1)
<latexit sha1_base64="WB6ACSW4nU9M4YQiEcrEOTBikz0="></latexit>

Why did the belief not change? 



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

Bayes Filter

b̄(x1) =
X

x0

P (x1|x0, u1)b(x0)

b(x1) = ⌘P (z1|x1)b̄(x1)
<latexit sha1_base64="WB6ACSW4nU9M4YQiEcrEOTBikz0="></latexit>

b(x1 = open) = ⌘P (z1 = sense� open|x1 = open)b̄(x1 = open)

= ⌘0.6 ⇤ 0.5
= ⌘0.3

<latexit sha1_base64="9T6zGhTe7RSuCDGWp3mXPQ+rxaE="></latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

Bayes Filter

b̄(x1) =
X

x0

P (x1|x0, u1)b(x0)

b(x1) = ⌘P (z1|x1)b̄(x1)
<latexit sha1_base64="WB6ACSW4nU9M4YQiEcrEOTBikz0="></latexit>

b(x1 = open) = ⌘P (z1 = sense� open|x1 = open)b̄(x1 = open)

= ⌘0.6 ⇤ 0.5
= ⌘0.3

<latexit sha1_base64="9T6zGhTe7RSuCDGWp3mXPQ+rxaE="></latexit>

b(x1 = closed) = ⌘P (z1 = sense� open|x1 = closed)b̄(x1 = closed)

= ⌘0.2 ⇤ 0.5
= ⌘0.1

<latexit sha1_base64="YBCWY1BcInbYeW6olU4ueu8KG84="></latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

Bayes Filter

b̄(x1) =
X

x0

P (x1|x0, u1)b(x0)

b(x1) = ⌘P (z1|x1)b̄(x1)
<latexit sha1_base64="WB6ACSW4nU9M4YQiEcrEOTBikz0="></latexit>

b(x1 = open) + b(x1 = closed) = 1.0

⌘ ⇤ 0.3 + ⌘ ⇤ 0.1 = 1.0

⌘ = 2.5
<latexit sha1_base64="Kjbd4ADRaajod1RAIKVIx9B9T68="></latexit>



t = 1
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

Bayes Filter

b̄(x1) =
X

x0

P (x1|x0, u1)b(x0)

b(x1) = ⌘P (z1|x1)b̄(x1)
<latexit sha1_base64="WB6ACSW4nU9M4YQiEcrEOTBikz0="></latexit>

b(x1 = open) = 2.5 ⇤ 0.3
= 0.75

b(x1 = closed) = 2.5 ⇤ 0.1
= 0.25

<latexit sha1_base64="KdZHIioiAW1NwPE1UM34b5uieZg="></latexit>



t = 2
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

What if the robot pushes the door and sense-open at t = 2? 



t = 2
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

What if the robot pushes the door and sense-open at t = 2? 

b̄(x2 = open) = P (x2 = open|x1 = open, u2 = push)b(x1 = open)

+ P (x2 = open|x1 = closed, u2 = push)b(x1 = closed)

b̄(x2 = open) = 1.0 ⇤ 0.75 + 0.8 ⇤ 0.25 = 0.95



t = 2
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

What if the robot pushes the door and sense-open at t = 2? 

b̄(x2 = open) = P (x2 = open|x1 = open, u2 = push)b(x1 = open)

+ P (x2 = open|x1 = closed, u2 = push)b(x1 = closed)

b̄(x2 = open) = 1.0 ⇤ 0.75 + 0.8 ⇤ 0.25 = 0.95

b̄(x2 = closed) = P (x2 = closed|x1 = open, u2 = push)b(x1 = open)

+ P (x2 = closed|x1 = closed, u2 = push)b(x1 = closed)

b̄(x2 = closed) = 0.0 ⇤ 0.75 + 0.2 ⇤ 0.25 = 0.05



t = 2
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

What if the robot pushes the door and sense-open at t = 2? 
b(x2 = open) = ⌘P (z2 = sense� open|x2 = open)b̄(x2 = open)

= ⌘0.6 ⇤ 0.95
= ⌘0.57

b(x2 = closed) = ⌘P (z2 = sense� open|x2 = closed)b̄(x2 = closed)

= ⌘0.2 ⇤ 0.05
= ⌘0.01



t = 2
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

What if the robot pushes the door and sense-open at t = 2? 

b(x2 = open) + b(x2 = closed) = 1.0

⌘ ⇤ 0.57 + ⌘ ⇤ 0.01 = 1.0

⌘ = 1.72



t = 2
States:

Observations:

Actions:

x = {open, closed}
<latexit sha1_base64="9jgjQ2Qw3a5uI5O5htTXne7Mybc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISW14mMhFN24rGAf0IQymd62QyczYWYi1lD8FTcuFHHrf7jzb0zSImo9cOFwzr3ce48fcqaN43xaM7Nz8wuLuaX88srq2rq9sVnXMlIUalRyqZo+0cCZgJphhkMzVEACn0PDH1ymfuMWlGZS3JhhCF5AeoJ1GSUmkdr29h0+x24sQxAHmHKpoeOO2nbBKToZ8DQpTUgBTVBt2x9uR9IoAGEoJ1q3Sk5ovJgowyiHUd6NNISEDkgPWgkVJADtxdn1I7yXKB3clSopYXCm/pyISaD1MPCTzoCYvv7rpeJ/Xisy3VMvZiKMDAg6XtSNODYSp1HgDlNADR8mhFDFklsx7RNFqEkCy2chnKU4/n55mtQPi6VysXx9VKhcTOLIoR20i/ZRCZ2gCrpCVVRDFN2jR/SMXqwH68l6td7GrTPWZGYL/YL1/gWHZZTH</latexit>

z = {sense� open, sense� closed}
<latexit sha1_base64="XPlIjxbmXWUZ5VWV8dyFKFRzN5Y=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCy2pFS8LoejGZQV7gaaUyeSkHTqZCTMToYZu3fgqblwo4tY3cOfbmKZF1PrDwMd/zuHM+b2IM20c59OamZ2bX1jMLeWXV1bX1u2NzbqWsaJQo5JL1fSIBs4E1AwzHJqRAhJ6HBpe/3JUb9yC0kyKGzOIoB2SrmABo8SkVsfGd/gcu4kGoeFARiD28Zgplxp8d9ixC07RyYSnoTSBApqo2rE/XF/SOARhKCdat0pOZNoJUYZRDsO8G2uICO2TLrRSFCQE3U6yS4Z4N3V8HEiVPmFw5v6cSEio9SD00s6QmJ7+WxuZ/9VasQlO2wkTUWxA0PGiIObYSDyKBftMATV8kAKhiqV/xbRHFKEmDS+fhXA20vH3ydNQPyyWysXy9VGhcjGJI4e20Q7aQyV0giroClVRDVF0jx7RM3qxHqwn69V6G7fOWJOZLfRL1vsXq4KZ1w==</latexit>

u = {push, do� nothing}
<latexit sha1_base64="iXruUmgE0Kk9JYLEKyElm5yq8xs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJrPhYCEU3LivYBzShTCaTduhkJsxMhBLqxl9x40IRt/6FO//GJA3i68CFwzn3cu89XsSo0pb1YZRmZufmF8qLlaXlldU1c32jrUQsMWlhwYTsekgRRjlpaaoZ6UaSoNBjpOONLjO/c0ukooLf6HFE3BANOA0oRjqV+uZWDM+hk0SxGu5DXxxwoYeUD5xJ36xaNSsH/EvsglRBgWbffHd8geOQcI0ZUqpnW5F2EyQ1xYxMKk6sSITwCA1IL6UchUS5Sf7BBO6mig8DIdPiGubq94kEhUqNQy/tDJEeqt9eJv7n9WIdnLoJ5VGsCcfTRUHMoBYwiwP6VBKs2TglCEua3grxEEmEdRpaJQ/hLMPx18t/SfuwZtdr9eujauOiiKMMtsEO2AM2OAENcAWaoAUwuAMP4Ak8G/fGo/FivE5bS0Yxswl+wHj7BIwllnc=</latexit>

P (zt = sense� open|xt = open) = 0.6

P (zt = sense� closed|xt = open) = 0.4

P (zt = sense� open|xt = closed) = 0.2

P (zt = sense� closed|xt = closed) = 0.8
<latexit sha1_base64="+oxK1J5qROrWaBMo2PGGNWdpgbE="></latexit>

P (xt = open|xt�1 = open, ut = push) = 1.0

P (xt = closed|xt�1 = open, ut = push) = 0.0

P (xt = open|xt�1 = closed, ut = push) = 0.8

P (xt = closed|xt�1 = closed, ut = push) = 0.2
<latexit sha1_base64="LLxsvwbc8D+BrXXkIRirkaiZOuM="></latexit>

Sensor Model:

Action Model:   

What if the robot pushes the door and sense-open at t = 2? 

b(x2 = open) = 0.57 ⇤ 1.72
= 0.98

b(x2 = closed) = 0.01 ⇤ 1.72
= 0.02



Localization Example



Localization Example
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Question

• Do actions always increase uncertainty? 



Question

• What if you receive an observation every 2 timesteps?  



Question

• What if you miss an observation?  

xt-1 xt xt+1

ut-1 ut ut+1

zt-1 zt+1



Question

• What if you miss an observation?  

P (xt|z1:t, u1:t) = ⌘
X

xt�1

P (xt|xt�1, ut)P (xt�1|z1:t�1, u1:t�1)

b(xt) = ⌘
X

xt�1

P (xt|xt�1, ut)b(xt�1)



Question

• What if you do not receive an input (assume state changes 
only if there is an input)?  

xt-1 xt xt+1

ut-1 ut+1

zt-1 zt zt+1



Question

• What if you do not receive an input  (assume state changes 
only if there is an input)?  

P (xt|z1:t, u1:t) = ⌘P (zt|xt)
X

xt�1

P (xt|xt�1, ut)P (xt�1|z1:t�1, u1:t�1)

b(xt) = ⌘P (zt|xt)
X

xt�1

P (xt|xt�1, ut)b(xt�1)
<latexit sha1_base64="OQb011gLaDn1Gtr6MRdHAOrjxTI="></latexit>



Question

• What if you do not receive an input  (assume state changes 
only if there is an input)?  

P (xt|z1:t, u1:t) = ⌘P (zt|xt)
X

xt�1

P (xt|xt�1, ut)P (xt�1|z1:t�1, u1:t�1)

b(xt) = ⌘P (zt|xt)
X

xt�1

1{xt}(xt�1)b(xt�1)



Question

• What if             becomes 0 for some      ? b(xt) xt


