
Spring 2022 - Dan Calderone

Kalman Filter (Discrete Time)

Major sources:



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:
<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W ) State-Space



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W ) State-Space

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R
Measurement 

(Sensor Model)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W ) State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R
Measurement 

(Sensor Model)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W )

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

Measurement 
(Sensor Model)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W )

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

Measurement 
(Sensor Model)

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W )

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R<latexit sha1_base64="AuHhHIMwfj6fUfn38qOuhMlZtno=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdWFJRNRl0U2XFewDmlAm00k7ZPJg5kZa0iz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nvcmDMJpvmtFVZW19Y3ipulre2d3T19/6Alo0QQ2iQRj0THxZJyFtImMOC0EwuKA5fTtuvfTf32IxWSReEDjGPqBHgQMo8RDErq6Ud1e4ghHWUVf+LbQEeQnmfWWU8vm1VzBmOZWDkpoxyNnv5l9yOSBDQEwrGUXcuMwUmxAEY4zUp2ImmMiY8HtKtoiAMqnXR2f2acKqVveJFQFYIxU39PpDiQchy4qjPAMJSL3lT8z+sm4N04KQvjBGhI5ou8hBsQGdMwjD4TlAAfK4KJYOpWgwyxwARUZCUVgrX48jJpXVStq6p1f1mu3eZxFNExOkEVZKFrVEN11EBNRNAEPaNX9KY9aS/au/Yxby1o+cwh+gPt8wfSFpX4</latexit>

Hx̂(k|k-1)
Measurement 

(Sensor Model)

Measure

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W )

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R<latexit sha1_base64="wGKldVJn1cO5KKt/RQNmVYKG4HQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHeSKN3g==</latexit>

z(k)

Actual 
Measurement

<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V

<latexit sha1_base64="AuHhHIMwfj6fUfn38qOuhMlZtno=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdWFJRNRl0U2XFewDmlAm00k7ZPJg5kZa0iz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nvcmDMJpvmtFVZW19Y3ipulre2d3T19/6Alo0QQ2iQRj0THxZJyFtImMOC0EwuKA5fTtuvfTf32IxWSReEDjGPqBHgQMo8RDErq6Ud1e4ghHWUVf+LbQEeQnmfWWU8vm1VzBmOZWDkpoxyNnv5l9yOSBDQEwrGUXcuMwUmxAEY4zUp2ImmMiY8HtKtoiAMqnXR2f2acKqVveJFQFYIxU39PpDiQchy4qjPAMJSL3lT8z+sm4N04KQvjBGhI5ou8hBsQGdMwjD4TlAAfK4KJYOpWgwyxwARUZCUVgrX48jJpXVStq6p1f1mu3eZxFNExOkEVZKFrVEN11EBNRNAEPaNX9KY9aS/au/Yxby1o+cwh+gPt8wfSFpX4</latexit>

Hx̂(k|k-1)
Measurement 

(Sensor Model)

Measure

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W )

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R<latexit sha1_base64="wGKldVJn1cO5KKt/RQNmVYKG4HQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHeSKN3g==</latexit>

z(k)

Actual 
Measurement

<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V

<latexit sha1_base64="AuHhHIMwfj6fUfn38qOuhMlZtno=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdWFJRNRl0U2XFewDmlAm00k7ZPJg5kZa0iz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nvcmDMJpvmtFVZW19Y3ipulre2d3T19/6Alo0QQ2iQRj0THxZJyFtImMOC0EwuKA5fTtuvfTf32IxWSReEDjGPqBHgQMo8RDErq6Ud1e4ghHWUVf+LbQEeQnmfWWU8vm1VzBmOZWDkpoxyNnv5l9yOSBDQEwrGUXcuMwUmxAEY4zUp2ImmMiY8HtKtoiAMqnXR2f2acKqVveJFQFYIxU39PpDiQchy4qjPAMJSL3lT8z+sm4N04KQvjBGhI5ou8hBsQGdMwjD4TlAAfK4KJYOpWgwyxwARUZCUVgrX48jJpXVStq6p1f1mu3eZxFNExOkEVZKFrVEN11EBNRNAEPaNX9KY9aS/au/Yxby1o+cwh+gPt8wfSFpX4</latexit>

Hx̂(k|k-1)
Measurement 

(Sensor Model)

Measure

“innovation”

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W )

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R<latexit sha1_base64="wGKldVJn1cO5KKt/RQNmVYKG4HQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHeSKN3g==</latexit>

z(k)

Actual 
Measurement

<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V

<latexit sha1_base64="AuHhHIMwfj6fUfn38qOuhMlZtno=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdWFJRNRl0U2XFewDmlAm00k7ZPJg5kZa0iz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nvcmDMJpvmtFVZW19Y3ipulre2d3T19/6Alo0QQ2iQRj0THxZJyFtImMOC0EwuKA5fTtuvfTf32IxWSReEDjGPqBHgQMo8RDErq6Ud1e4ghHWUVf+LbQEeQnmfWWU8vm1VzBmOZWDkpoxyNnv5l9yOSBDQEwrGUXcuMwUmxAEY4zUp2ImmMiY8HtKtoiAMqnXR2f2acKqVveJFQFYIxU39PpDiQchy4qjPAMJSL3lT8z+sm4N04KQvjBGhI5ou8hBsQGdMwjD4TlAAfK4KJYOpWgwyxwARUZCUVgrX48jJpXVStq6p1f1mu3eZxFNExOkEVZKFrVEN11EBNRNAEPaNX9KY9aS/au/Yxby1o+cwh+gPt8wfSFpX4</latexit>

Hx̂(k|k-1)
Measurement 

(Sensor Model)

Measure
<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘

“innovation”

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="m2Hvns6FRNWyz1uSJp/hr9G6I6w=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSK0B0sioh6LXgpeKtgPaEPZbDft0s0m7G6KNfSfePGgiFf/iTf/jds2B219MPB4b4aZeX7MmdKO822trK6tb2zmtvLbO7t7+/bBYUNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vB26jdHVCoWiQc9jqkX4r5gASNYG6lr23fFYan4dFbtDLBOHyelrl1wys4MaJm4GSlAhlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2eXT9CpUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwbWXMhEnmgoyXxQkHOkITWNAPSYp0XxsCCaSmVsRGWCJiTZh5U0I7uLLy6RxXnYvy+79RaFyk8WRg2M4gSK4cAUVqEIN6kBgBM/wCm9War1Y79bHvHXFymaO4A+szx8GAJKh</latexit>

K(k)(z �Hx̂)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W )

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R<latexit sha1_base64="wGKldVJn1cO5KKt/RQNmVYKG4HQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHeSKN3g==</latexit>

z(k)

Actual 
Measurement

<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V

<latexit sha1_base64="AuHhHIMwfj6fUfn38qOuhMlZtno=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdWFJRNRl0U2XFewDmlAm00k7ZPJg5kZa0iz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nvcmDMJpvmtFVZW19Y3ipulre2d3T19/6Alo0QQ2iQRj0THxZJyFtImMOC0EwuKA5fTtuvfTf32IxWSReEDjGPqBHgQMo8RDErq6Ud1e4ghHWUVf+LbQEeQnmfWWU8vm1VzBmOZWDkpoxyNnv5l9yOSBDQEwrGUXcuMwUmxAEY4zUp2ImmMiY8HtKtoiAMqnXR2f2acKqVveJFQFYIxU39PpDiQchy4qjPAMJSL3lT8z+sm4N04KQvjBGhI5ou8hBsQGdMwjD4TlAAfK4KJYOpWgwyxwARUZCUVgrX48jJpXVStq6p1f1mu3eZxFNExOkEVZKFrVEN11EBNRNAEPaNX9KY9aS/au/Yxby1o+cwh+gPt8wfSFpX4</latexit>

Hx̂(k|k-1)
Measurement 

(Sensor Model)

Measure

“innovation”

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="h4KD0L9GQRtq2wH+uQuH+RGjSTs="></latexit>

⌃(k) = (I �K(k)H)⌃(k|k-1)(I �K(k)H)T +K(k)V (k)K(k)T
<latexit sha1_base64="dyhRjkvW32LOuKdhWr83UrIt8F0=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6KTMi6rLoRnBToS+YjiWTZtrQTDIkd4RS+hluXCji1q9x59+YaWehrQcSDufcy733hIngBlz321lZXVvf2CxsFbd3dvf2SweHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3WZ++4lpw5VswDhhQUwGkkecErCSf18ZnbWy77HRK5XdqjsDXiZeTsooR71X+ur2FU1jJoEKYozvuQkEE6KBU8GmxW5qWELoiAyYb6kkMTPBZLbyFJ9apY8jpe2TgGfq744JiY0Zx6GtjAkMzaKXif95fgrRdTDhMkmBSTofFKUCg8LZ/bjPNaMgxpYQqrndFdMh0YSCTaloQ/AWT14mrfOqd1n1Hi7KtZs8jgI6Rieogjx0hWroDtVRE1Gk0DN6RW8OOC/Ou/MxL11x8p4j9AfO5w9gHpAE</latexit>

K(k)V K(k)T

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)

<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="m2Hvns6FRNWyz1uSJp/hr9G6I6w=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSK0B0sioh6LXgpeKtgPaEPZbDft0s0m7G6KNfSfePGgiFf/iTf/jds2B219MPB4b4aZeX7MmdKO822trK6tb2zmtvLbO7t7+/bBYUNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vB26jdHVCoWiQc9jqkX4r5gASNYG6lr23fFYan4dFbtDLBOHyelrl1wys4MaJm4GSlAhlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2eXT9CpUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwbWXMhEnmgoyXxQkHOkITWNAPSYp0XxsCCaSmVsRGWCJiTZh5U0I7uLLy6RxXnYvy+79RaFyk8WRg2M4gSK4cAUVqEIN6kBgBM/wCm9War1Y79bHvHXFymaO4A+szx8GAJKh</latexit>

K(k)(z �Hx̂)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W )

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R<latexit sha1_base64="wGKldVJn1cO5KKt/RQNmVYKG4HQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHeSKN3g==</latexit>

z(k)

Actual 
Measurement

<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V

<latexit sha1_base64="AuHhHIMwfj6fUfn38qOuhMlZtno=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdWFJRNRl0U2XFewDmlAm00k7ZPJg5kZa0iz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nvcmDMJpvmtFVZW19Y3ipulre2d3T19/6Alo0QQ2iQRj0THxZJyFtImMOC0EwuKA5fTtuvfTf32IxWSReEDjGPqBHgQMo8RDErq6Ud1e4ghHWUVf+LbQEeQnmfWWU8vm1VzBmOZWDkpoxyNnv5l9yOSBDQEwrGUXcuMwUmxAEY4zUp2ImmMiY8HtKtoiAMqnXR2f2acKqVveJFQFYIxU39PpDiQchy4qjPAMJSL3lT8z+sm4N04KQvjBGhI5ou8hBsQGdMwjD4TlAAfK4KJYOpWgwyxwARUZCUVgrX48jJpXVStq6p1f1mu3eZxFNExOkEVZKFrVEN11EBNRNAEPaNX9KY9aS/au/Yxby1o+cwh+gPt8wfSFpX4</latexit>

Hx̂(k|k-1)
Measurement 

(Sensor Model)

Measure

“innovation”

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="h4KD0L9GQRtq2wH+uQuH+RGjSTs="></latexit>

⌃(k) = (I �K(k)H)⌃(k|k-1)(I �K(k)H)T +K(k)V (k)K(k)T
<latexit sha1_base64="dyhRjkvW32LOuKdhWr83UrIt8F0=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6KTMi6rLoRnBToS+YjiWTZtrQTDIkd4RS+hluXCji1q9x59+YaWehrQcSDufcy733hIngBlz321lZXVvf2CxsFbd3dvf2SweHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3WZ++4lpw5VswDhhQUwGkkecErCSf18ZnbWy77HRK5XdqjsDXiZeTsooR71X+ur2FU1jJoEKYozvuQkEE6KBU8GmxW5qWELoiAyYb6kkMTPBZLbyFJ9apY8jpe2TgGfq744JiY0Zx6GtjAkMzaKXif95fgrRdTDhMkmBSTofFKUCg8LZ/bjPNaMgxpYQqrndFdMh0YSCTaloQ/AWT14mrfOqd1n1Hi7KtZs8jgI6Rieogjx0hWroDtVRE1Gk0DN6RW8OOC/Ou/MxL11x8p4j9AfO5w9gHpAE</latexit>

K(k)V K(k)T

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)

<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

minimize (mean-squared) 
error after measurement

<latexit sha1_base64="wKWnCD/h0QvDIvQ37UVGlrvrA+8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegF8FLBPOAzRJmJ5NkyDyWmVkhLPkMLx4U8erXePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrGhnEnasMxy2k40xSLmtBWPbqd+64lqw5R8tOOERgIPJOszgq2Two5gspvdV0Znk26p7Ff9GdAyCXJShhz1bumr01MkFVRawrExYeAnNsqwtoxwOil2UkMTTEZ4QENHJRbURNns5Ak6dUoP9ZV2JS2aqb8nMiyMGYvYdQpsh2bRm4r/eWFq+9dRxmSSWirJfFE/5cgqNP0f9ZimxPKxI5ho5m5FZIg1JtalVHQhBIsvL5PmeTW4rAYPF+XaTR5HAY7hBCoQwBXU4A7q0AACCp7hFd486714797HvHXFy2eO4A+8zx/F75Ds</latexit>

min
K(k)

<latexit sha1_base64="wEUzRIl7Q+z05mltX2u09PEHa94=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMQL2FGRD0GvXiMaBbIhNDTqUma9Cx014hhzMWLv+LFgyJe/Qdv/o2d5aCJDwoe71VRVc+LpdBo299WZmFxaXklu5pbW9/Y3Mpv79R0lCgOVR7JSDU8pkGKEKooUEIjVsACT0Ld61+O/PodKC2i8BYHMbQC1g2FLzhDI7Xz+y7CPXp+iopxGFKXujeiG7Bi/6F/1M4X7JI9Bp0nzpQUyBSVdv7L7UQ8CSBELpnWTceOsZUyhYJLGObcREPMeJ91oWloyALQrXT8xZAeGqVD/UiZCpGO1d8TKQu0HgSe6QwY9vSsNxL/85oJ+uetVIRxghDyySI/kRQjOoqEdoQCjnJgCONKmFsp7zGTB5rgciYEZ/bleVI7LjmnJef6pFC+mMaRJXvkgBSJQ85ImVyRCqkSTh7JM3klb9aT9WK9Wx+T1ow1ndklf2B9/gAMnphF</latexit>

trace ⌃(k|k)
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)Optimization

<latexit sha1_base64="m2Hvns6FRNWyz1uSJp/hr9G6I6w=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSK0B0sioh6LXgpeKtgPaEPZbDft0s0m7G6KNfSfePGgiFf/iTf/jds2B219MPB4b4aZeX7MmdKO822trK6tb2zmtvLbO7t7+/bBYUNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vB26jdHVCoWiQc9jqkX4r5gASNYG6lr23fFYan4dFbtDLBOHyelrl1wys4MaJm4GSlAhlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2eXT9CpUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwbWXMhEnmgoyXxQkHOkITWNAPSYp0XxsCCaSmVsRGWCJiTZh5U0I7uLLy6RxXnYvy+79RaFyk8WRg2M4gSK4cAUVqEIN6kBgBM/wCm9War1Y79bHvHXFymaO4A+szx8GAJKh</latexit>

K(k)(z �Hx̂)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W )

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R<latexit sha1_base64="wGKldVJn1cO5KKt/RQNmVYKG4HQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHeSKN3g==</latexit>

z(k)

Actual 
Measurement

<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V

<latexit sha1_base64="AuHhHIMwfj6fUfn38qOuhMlZtno=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdWFJRNRl0U2XFewDmlAm00k7ZPJg5kZa0iz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nvcmDMJpvmtFVZW19Y3ipulre2d3T19/6Alo0QQ2iQRj0THxZJyFtImMOC0EwuKA5fTtuvfTf32IxWSReEDjGPqBHgQMo8RDErq6Ud1e4ghHWUVf+LbQEeQnmfWWU8vm1VzBmOZWDkpoxyNnv5l9yOSBDQEwrGUXcuMwUmxAEY4zUp2ImmMiY8HtKtoiAMqnXR2f2acKqVveJFQFYIxU39PpDiQchy4qjPAMJSL3lT8z+sm4N04KQvjBGhI5ou8hBsQGdMwjD4TlAAfK4KJYOpWgwyxwARUZCUVgrX48jJpXVStq6p1f1mu3eZxFNExOkEVZKFrVEN11EBNRNAEPaNX9KY9aS/au/Yxby1o+cwh+gPt8wfSFpX4</latexit>

Hx̂(k|k-1)
Measurement 

(Sensor Model)

Measure

“innovation”

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="h4KD0L9GQRtq2wH+uQuH+RGjSTs="></latexit>

⌃(k) = (I �K(k)H)⌃(k|k-1)(I �K(k)H)T +K(k)V (k)K(k)T
<latexit sha1_base64="dyhRjkvW32LOuKdhWr83UrIt8F0=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6KTMi6rLoRnBToS+YjiWTZtrQTDIkd4RS+hluXCji1q9x59+YaWehrQcSDufcy733hIngBlz321lZXVvf2CxsFbd3dvf2SweHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3WZ++4lpw5VswDhhQUwGkkecErCSf18ZnbWy77HRK5XdqjsDXiZeTsooR71X+ur2FU1jJoEKYozvuQkEE6KBU8GmxW5qWELoiAyYb6kkMTPBZLbyFJ9apY8jpe2TgGfq744JiY0Zx6GtjAkMzaKXif95fgrRdTDhMkmBSTofFKUCg8LZ/bjPNaMgxpYQqrndFdMh0YSCTaloQ/AWT14mrfOqd1n1Hi7KtZs8jgI6Rieogjx0hWroDtVRE1Gk0DN6RW8OOC/Ou/MxL11x8p4j9AfO5w9gHpAE</latexit>

K(k)V K(k)T

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)

<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

minimize (mean-squared) 
error after measurement

<latexit sha1_base64="wKWnCD/h0QvDIvQ37UVGlrvrA+8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegF8FLBPOAzRJmJ5NkyDyWmVkhLPkMLx4U8erXePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrGhnEnasMxy2k40xSLmtBWPbqd+64lqw5R8tOOERgIPJOszgq2Two5gspvdV0Znk26p7Ff9GdAyCXJShhz1bumr01MkFVRawrExYeAnNsqwtoxwOil2UkMTTEZ4QENHJRbURNns5Ak6dUoP9ZV2JS2aqb8nMiyMGYvYdQpsh2bRm4r/eWFq+9dRxmSSWirJfFE/5cgqNP0f9ZimxPKxI5ho5m5FZIg1JtalVHQhBIsvL5PmeTW4rAYPF+XaTR5HAY7hBCoQwBXU4A7q0AACCp7hFd486714797HvHXFy2eO4A+8zx/F75Ds</latexit>

min
K(k)

<latexit sha1_base64="wEUzRIl7Q+z05mltX2u09PEHa94=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMQL2FGRD0GvXiMaBbIhNDTqUma9Cx014hhzMWLv+LFgyJe/Qdv/o2d5aCJDwoe71VRVc+LpdBo299WZmFxaXklu5pbW9/Y3Mpv79R0lCgOVR7JSDU8pkGKEKooUEIjVsACT0Ld61+O/PodKC2i8BYHMbQC1g2FLzhDI7Xz+y7CPXp+iopxGFKXujeiG7Bi/6F/1M4X7JI9Bp0nzpQUyBSVdv7L7UQ8CSBELpnWTceOsZUyhYJLGObcREPMeJ91oWloyALQrXT8xZAeGqVD/UiZCpGO1d8TKQu0HgSe6QwY9vSsNxL/85oJ+uetVIRxghDyySI/kRQjOoqEdoQCjnJgCONKmFsp7zGTB5rgciYEZ/bleVI7LjmnJef6pFC+mMaRJXvkgBSJQ85ImVyRCqkSTh7JM3klb9aT9WK9Wx+T1ow1ndklf2B9/gAMnphF</latexit>

trace ⌃(k|k)
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)Optimization

<latexit sha1_base64="9PWhllFC2L4BnXZwPYFBtdLy4NU="></latexit>

K(k) = ⌃(k|k-1)H(k)T
⇣
H(k)⌃(k|k-1)H(k)T + V (k)

⌘�1

Gain
<latexit sha1_base64="Rh64NN8g/krVwMCLGxAfUGT/QEw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sIyI6JuhKKbLiv2Be20ZNJMG5pkhiQjlKFu/BU3LhRx61+4829M21lo64HLPZxzL8k9fsSo0o7zbWWWlldW17LruY3Nre0de3evrsJYYlLDIQtl00eKMCpITVPNSDOSBHGfkYY/vJ34jQciFQ1FVY8i4nHUFzSgGGkjde2Da9i+p32OCsMTWO5U66Z3klN33LXzTtGZAi4SNyV5kKLStb/avRDHnAiNGVKq5TqR9hIkNcWMjHPtWJEI4SHqk5ahAnGivGR6wRgeG6UHg1CaEhpO1d8bCeJKjbhvJjnSAzXvTcT/vFasgysvoSKKNRF49lAQM6hDOIkD9qgkWLORIQhLav4K8QBJhLUJLWdCcOdPXiT1s6J7UXTvzvOlmzSOLDgER6AAXHAJSqAMKqAGMHgEz+AVvFlP1ov1bn3MRjNWurMP/sD6/AFXL5Tn</latexit>

= ⌃(k)HT
V (k)�1

<latexit sha1_base64="kPFbDtK4oHtOzZer07EXtvElV0s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIugB8uuiHos9eKxgv2A7VqyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3U799hPThiv5AOOEBTEZSB5xSsBKfqtb54Ozx+zcm/TKFbfqzoCXiZeTCsrR6JW/un1F05hJoIIY43tuAkFGNHAq2KTUTQ1LCB2RAfMtlSRmJshmJ0/wiVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDSL3lT8z/NTiG6CjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKJRuCt/jyMmldVL2rqnd/WanV8ziK6Agdo1PkoWtUQ3eogZqIIoWe0St6c8B5cd6dj3lrwclnDtEfOJ8/NjKQjw==</latexit>

V
⌘�1

<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1

<latexit sha1_base64="m2Hvns6FRNWyz1uSJp/hr9G6I6w=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSK0B0sioh6LXgpeKtgPaEPZbDft0s0m7G6KNfSfePGgiFf/iTf/jds2B219MPB4b4aZeX7MmdKO822trK6tb2zmtvLbO7t7+/bBYUNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vB26jdHVCoWiQc9jqkX4r5gASNYG6lr23fFYan4dFbtDLBOHyelrl1wys4MaJm4GSlAhlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2eXT9CpUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwbWXMhEnmgoyXxQkHOkITWNAPSYp0XxsCCaSmVsRGWCJiTZh5U0I7uLLy6RxXnYvy+79RaFyk8WRg2M4gSK4cAUVqEIN6kBgBM/wCm9War1Y79bHvHXFymaO4A+szx8GAJKh</latexit>

K(k)(z �Hx̂)



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W )

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R<latexit sha1_base64="wGKldVJn1cO5KKt/RQNmVYKG4HQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHeSKN3g==</latexit>

z(k)

Actual 
Measurement

<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V

<latexit sha1_base64="AuHhHIMwfj6fUfn38qOuhMlZtno=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdWFJRNRl0U2XFewDmlAm00k7ZPJg5kZa0iz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nvcmDMJpvmtFVZW19Y3ipulre2d3T19/6Alo0QQ2iQRj0THxZJyFtImMOC0EwuKA5fTtuvfTf32IxWSReEDjGPqBHgQMo8RDErq6Ud1e4ghHWUVf+LbQEeQnmfWWU8vm1VzBmOZWDkpoxyNnv5l9yOSBDQEwrGUXcuMwUmxAEY4zUp2ImmMiY8HtKtoiAMqnXR2f2acKqVveJFQFYIxU39PpDiQchy4qjPAMJSL3lT8z+sm4N04KQvjBGhI5ou8hBsQGdMwjD4TlAAfK4KJYOpWgwyxwARUZCUVgrX48jJpXVStq6p1f1mu3eZxFNExOkEVZKFrVEN11EBNRNAEPaNX9KY9aS/au/Yxby1o+cwh+gPt8wfSFpX4</latexit>

Hx̂(k|k-1)
Measurement 

(Sensor Model)

Measure

“innovation”

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="h4KD0L9GQRtq2wH+uQuH+RGjSTs="></latexit>

⌃(k) = (I �K(k)H)⌃(k|k-1)(I �K(k)H)T +K(k)V (k)K(k)T
<latexit sha1_base64="dyhRjkvW32LOuKdhWr83UrIt8F0=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6KTMi6rLoRnBToS+YjiWTZtrQTDIkd4RS+hluXCji1q9x59+YaWehrQcSDufcy733hIngBlz321lZXVvf2CxsFbd3dvf2SweHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3WZ++4lpw5VswDhhQUwGkkecErCSf18ZnbWy77HRK5XdqjsDXiZeTsooR71X+ur2FU1jJoEKYozvuQkEE6KBU8GmxW5qWELoiAyYb6kkMTPBZLbyFJ9apY8jpe2TgGfq744JiY0Zx6GtjAkMzaKXif95fgrRdTDhMkmBSTofFKUCg8LZ/bjPNaMgxpYQqrndFdMh0YSCTaloQ/AWT14mrfOqd1n1Hi7KtZs8jgI6Rieogjx0hWroDtVRE1Gk0DN6RW8OOC/Ou/MxL11x8p4j9AfO5w9gHpAE</latexit>

K(k)V K(k)T

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)

<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

minimize (mean-squared) 
error after measurement

<latexit sha1_base64="wKWnCD/h0QvDIvQ37UVGlrvrA+8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegF8FLBPOAzRJmJ5NkyDyWmVkhLPkMLx4U8erXePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrGhnEnasMxy2k40xSLmtBWPbqd+64lqw5R8tOOERgIPJOszgq2Two5gspvdV0Znk26p7Ff9GdAyCXJShhz1bumr01MkFVRawrExYeAnNsqwtoxwOil2UkMTTEZ4QENHJRbURNns5Ak6dUoP9ZV2JS2aqb8nMiyMGYvYdQpsh2bRm4r/eWFq+9dRxmSSWirJfFE/5cgqNP0f9ZimxPKxI5ho5m5FZIg1JtalVHQhBIsvL5PmeTW4rAYPF+XaTR5HAY7hBCoQwBXU4A7q0AACCp7hFd486714797HvHXFy2eO4A+8zx/F75Ds</latexit>

min
K(k)

<latexit sha1_base64="wEUzRIl7Q+z05mltX2u09PEHa94=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMQL2FGRD0GvXiMaBbIhNDTqUma9Cx014hhzMWLv+LFgyJe/Qdv/o2d5aCJDwoe71VRVc+LpdBo299WZmFxaXklu5pbW9/Y3Mpv79R0lCgOVR7JSDU8pkGKEKooUEIjVsACT0Ld61+O/PodKC2i8BYHMbQC1g2FLzhDI7Xz+y7CPXp+iopxGFKXujeiG7Bi/6F/1M4X7JI9Bp0nzpQUyBSVdv7L7UQ8CSBELpnWTceOsZUyhYJLGObcREPMeJ91oWloyALQrXT8xZAeGqVD/UiZCpGO1d8TKQu0HgSe6QwY9vSsNxL/85oJ+uetVIRxghDyySI/kRQjOoqEdoQCjnJgCONKmFsp7zGTB5rgciYEZ/bleVI7LjmnJef6pFC+mMaRJXvkgBSJQ85ImVyRCqkSTh7JM3klb9aT9WK9Wx+T1ow1ndklf2B9/gAMnphF</latexit>

trace ⌃(k|k)
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)Optimization

<latexit sha1_base64="pJIitPyQx21gr/P3e9UltYswr4Y=">AAACEHicbZC7SgNBFIZn4y3GW9TSZjCISZGwK6I2QtAmYhPRxEA2hNnJbDLs7IWZs2JY8wg2voqNhSK2lna+jZNLoYk/DHz85xzOnN+JBFdgmt9Gam5+YXEpvZxZWV1b38hubtVVGEvKajQUoWw4RDHBA1YDDoI1IsmI7wh263jnw/rtHZOKh8EN9CPW8kk34C6nBLTVzu6fYtvh3fxF8TLvFSpDLtjXvOuTvPfg2cDuISkOrEI7mzNL5kh4FqwJ5NBE1Xb2y+6ENPZZAFQQpZqWGUErIRI4FWyQsWPFIkI90mVNjQHxmWolo4MGeE87HeyGUr8A8Mj9PZEQX6m+7+hOn0BPTdeG5n+1ZgzuSSvhQRQDC+h4kRsLDCEepoM7XDIKoq+BUMn1XzHtEUko6AwzOgRr+uRZqB+UrKOSdXWYK59N4kijHbSL8shCx6iMKqiKaoiiR/SMXtGb8WS8GO/Gx7g1ZUxmttEfGZ8/uxSbLQ==</latexit>

=
�
I �K(k)H

�
⌃(k|k-1)

<latexit sha1_base64="m2Hvns6FRNWyz1uSJp/hr9G6I6w=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSK0B0sioh6LXgpeKtgPaEPZbDft0s0m7G6KNfSfePGgiFf/iTf/jds2B219MPB4b4aZeX7MmdKO822trK6tb2zmtvLbO7t7+/bBYUNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vB26jdHVCoWiQc9jqkX4r5gASNYG6lr23fFYan4dFbtDLBOHyelrl1wys4MaJm4GSlAhlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2eXT9CpUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwbWXMhEnmgoyXxQkHOkITWNAPSYp0XxsCCaSmVsRGWCJiTZh5U0I7uLLy6RxXnYvy+79RaFyk8WRg2M4gSK4cAUVqEIN6kBgBM/wCm9War1Y79bHvHXFymaO4A+szx8GAJKh</latexit>

K(k)(z �Hx̂)

<latexit sha1_base64="9PWhllFC2L4BnXZwPYFBtdLy4NU="></latexit>

K(k) = ⌃(k|k-1)H(k)T
⇣
H(k)⌃(k|k-1)H(k)T + V (k)

⌘�1

Gain
<latexit sha1_base64="Rh64NN8g/krVwMCLGxAfUGT/QEw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sIyI6JuhKKbLiv2Be20ZNJMG5pkhiQjlKFu/BU3LhRx61+4829M21lo64HLPZxzL8k9fsSo0o7zbWWWlldW17LruY3Nre0de3evrsJYYlLDIQtl00eKMCpITVPNSDOSBHGfkYY/vJ34jQciFQ1FVY8i4nHUFzSgGGkjde2Da9i+p32OCsMTWO5U66Z3klN33LXzTtGZAi4SNyV5kKLStb/avRDHnAiNGVKq5TqR9hIkNcWMjHPtWJEI4SHqk5ahAnGivGR6wRgeG6UHg1CaEhpO1d8bCeJKjbhvJjnSAzXvTcT/vFasgysvoSKKNRF49lAQM6hDOIkD9qgkWLORIQhLav4K8QBJhLUJLWdCcOdPXiT1s6J7UXTvzvOlmzSOLDgER6AAXHAJSqAMKqAGMHgEz+AVvFlP1ov1bn3MRjNWurMP/sD6/AFXL5Tn</latexit>

= ⌃(k)HT
V (k)�1

<latexit sha1_base64="kPFbDtK4oHtOzZer07EXtvElV0s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIugB8uuiHos9eKxgv2A7VqyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3U799hPThiv5AOOEBTEZSB5xSsBKfqtb54Ozx+zcm/TKFbfqzoCXiZeTCsrR6JW/un1F05hJoIIY43tuAkFGNHAq2KTUTQ1LCB2RAfMtlSRmJshmJ0/wiVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDSL3lT8z/NTiG6CjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKJRuCt/jyMmldVL2rqnd/WanV8ziK6Agdo1PkoWtUQ3eogZqIIoWe0St6c8B5cd6dj3lrwclnDtEfOJ8/NjKQjw==</latexit>

V
⌘�1

<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W ) State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R

Actual 
Measurement

Measurement 
(Sensor Model)

Measure
<latexit sha1_base64="h4KD0L9GQRtq2wH+uQuH+RGjSTs="></latexit>

⌃(k) = (I �K(k)H)⌃(k|k-1)(I �K(k)H)T +K(k)V (k)K(k)T
<latexit sha1_base64="dyhRjkvW32LOuKdhWr83UrIt8F0=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6KTMi6rLoRnBToS+YjiWTZtrQTDIkd4RS+hluXCji1q9x59+YaWehrQcSDufcy733hIngBlz321lZXVvf2CxsFbd3dvf2SweHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3WZ++4lpw5VswDhhQUwGkkecErCSf18ZnbWy77HRK5XdqjsDXiZeTsooR71X+ur2FU1jJoEKYozvuQkEE6KBU8GmxW5qWELoiAyYb6kkMTPBZLbyFJ9apY8jpe2TgGfq744JiY0Zx6GtjAkMzaKXif95fgrRdTDhMkmBSTofFKUCg8LZ/bjPNaMgxpYQqrndFdMh0YSCTaloQ/AWT14mrfOqd1n1Hi7KtZs8jgI6Rieogjx0hWroDtVRE1Gk0DN6RW8OOC/Ou/MxL11x8p4j9AfO5w9gHpAE</latexit>

K(k)V K(k)T

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)

<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

minimize (mean-squared) 
error after measurement

<latexit sha1_base64="wKWnCD/h0QvDIvQ37UVGlrvrA+8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegF8FLBPOAzRJmJ5NkyDyWmVkhLPkMLx4U8erXePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrGhnEnasMxy2k40xSLmtBWPbqd+64lqw5R8tOOERgIPJOszgq2Two5gspvdV0Znk26p7Ff9GdAyCXJShhz1bumr01MkFVRawrExYeAnNsqwtoxwOil2UkMTTEZ4QENHJRbURNns5Ak6dUoP9ZV2JS2aqb8nMiyMGYvYdQpsh2bRm4r/eWFq+9dRxmSSWirJfFE/5cgqNP0f9ZimxPKxI5ho5m5FZIg1JtalVHQhBIsvL5PmeTW4rAYPF+XaTR5HAY7hBCoQwBXU4A7q0AACCp7hFd486714797HvHXFy2eO4A+8zx/F75Ds</latexit>

min
K(k)

<latexit sha1_base64="wEUzRIl7Q+z05mltX2u09PEHa94=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMQL2FGRD0GvXiMaBbIhNDTqUma9Cx014hhzMWLv+LFgyJe/Qdv/o2d5aCJDwoe71VRVc+LpdBo299WZmFxaXklu5pbW9/Y3Mpv79R0lCgOVR7JSDU8pkGKEKooUEIjVsACT0Ld61+O/PodKC2i8BYHMbQC1g2FLzhDI7Xz+y7CPXp+iopxGFKXujeiG7Bi/6F/1M4X7JI9Bp0nzpQUyBSVdv7L7UQ8CSBELpnWTceOsZUyhYJLGObcREPMeJ91oWloyALQrXT8xZAeGqVD/UiZCpGO1d8TKQu0HgSe6QwY9vSsNxL/85oJ+uetVIRxghDyySI/kRQjOoqEdoQCjnJgCONKmFsp7zGTB5rgciYEZ/bleVI7LjmnJef6pFC+mMaRJXvkgBSJQ85ImVyRCqkSTh7JM3klb9aT9WK9Wx+T1ow1ndklf2B9/gAMnphF</latexit>

trace ⌃(k|k)
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)Optimization

<latexit sha1_base64="pJIitPyQx21gr/P3e9UltYswr4Y=">AAACEHicbZC7SgNBFIZn4y3GW9TSZjCISZGwK6I2QtAmYhPRxEA2hNnJbDLs7IWZs2JY8wg2voqNhSK2lna+jZNLoYk/DHz85xzOnN+JBFdgmt9Gam5+YXEpvZxZWV1b38hubtVVGEvKajQUoWw4RDHBA1YDDoI1IsmI7wh263jnw/rtHZOKh8EN9CPW8kk34C6nBLTVzu6fYtvh3fxF8TLvFSpDLtjXvOuTvPfg2cDuISkOrEI7mzNL5kh4FqwJ5NBE1Xb2y+6ENPZZAFQQpZqWGUErIRI4FWyQsWPFIkI90mVNjQHxmWolo4MGeE87HeyGUr8A8Mj9PZEQX6m+7+hOn0BPTdeG5n+1ZgzuSSvhQRQDC+h4kRsLDCEepoM7XDIKoq+BUMn1XzHtEUko6AwzOgRr+uRZqB+UrKOSdXWYK59N4kijHbSL8shCx6iMKqiKaoiiR/SMXtGb8WS8GO/Gx7g1ZUxmttEfGZ8/uxSbLQ==</latexit>

=
�
I �K(k)H

�
⌃(k|k-1)

<latexit sha1_base64="9PWhllFC2L4BnXZwPYFBtdLy4NU="></latexit>

K(k) = ⌃(k|k-1)H(k)T
⇣
H(k)⌃(k|k-1)H(k)T + V (k)

⌘�1

Gain
<latexit sha1_base64="Rh64NN8g/krVwMCLGxAfUGT/QEw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sIyI6JuhKKbLiv2Be20ZNJMG5pkhiQjlKFu/BU3LhRx61+4829M21lo64HLPZxzL8k9fsSo0o7zbWWWlldW17LruY3Nre0de3evrsJYYlLDIQtl00eKMCpITVPNSDOSBHGfkYY/vJ34jQciFQ1FVY8i4nHUFzSgGGkjde2Da9i+p32OCsMTWO5U66Z3klN33LXzTtGZAi4SNyV5kKLStb/avRDHnAiNGVKq5TqR9hIkNcWMjHPtWJEI4SHqk5ahAnGivGR6wRgeG6UHg1CaEhpO1d8bCeJKjbhvJjnSAzXvTcT/vFasgysvoSKKNRF49lAQM6hDOIkD9qgkWLORIQhLav4K8QBJhLUJLWdCcOdPXiT1s6J7UXTvzvOlmzSOLDgER6AAXHAJSqAMKqAGMHgEz+AVvFlP1ov1bn3MRjNWurMP/sD6/AFXL5Tn</latexit>

= ⌃(k)HT
V (k)�1

<latexit sha1_base64="kPFbDtK4oHtOzZer07EXtvElV0s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIugB8uuiHos9eKxgv2A7VqyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3U799hPThiv5AOOEBTEZSB5xSsBKfqtb54Ozx+zcm/TKFbfqzoCXiZeTCsrR6JW/un1F05hJoIIY43tuAkFGNHAq2KTUTQ1LCB2RAfMtlSRmJshmJ0/wiVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDSL3lT8z/NTiG6CjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKJRuCt/jyMmldVL2rqnd/WanV8ziK6Agdo1PkoWtUQ3eogZqIIoWe0St6c8B5cd6dj3lrwclnDtEfOJ8/NjKQjw==</latexit>

V
⌘�1

<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W ) State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R
Measurement 

(Sensor Model)

Measure
<latexit sha1_base64="h4KD0L9GQRtq2wH+uQuH+RGjSTs="></latexit>

⌃(k) = (I �K(k)H)⌃(k|k-1)(I �K(k)H)T +K(k)V (k)K(k)T
<latexit sha1_base64="dyhRjkvW32LOuKdhWr83UrIt8F0=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6KTMi6rLoRnBToS+YjiWTZtrQTDIkd4RS+hluXCji1q9x59+YaWehrQcSDufcy733hIngBlz321lZXVvf2CxsFbd3dvf2SweHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3WZ++4lpw5VswDhhQUwGkkecErCSf18ZnbWy77HRK5XdqjsDXiZeTsooR71X+ur2FU1jJoEKYozvuQkEE6KBU8GmxW5qWELoiAyYb6kkMTPBZLbyFJ9apY8jpe2TgGfq744JiY0Zx6GtjAkMzaKXif95fgrRdTDhMkmBSTofFKUCg8LZ/bjPNaMgxpYQqrndFdMh0YSCTaloQ/AWT14mrfOqd1n1Hi7KtZs8jgI6Rieogjx0hWroDtVRE1Gk0DN6RW8OOC/Ou/MxL11x8p4j9AfO5w9gHpAE</latexit>

K(k)V K(k)T

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)

<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

minimize (mean-squared) 
error after measurement

<latexit sha1_base64="wKWnCD/h0QvDIvQ37UVGlrvrA+8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegF8FLBPOAzRJmJ5NkyDyWmVkhLPkMLx4U8erXePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrGhnEnasMxy2k40xSLmtBWPbqd+64lqw5R8tOOERgIPJOszgq2Two5gspvdV0Znk26p7Ff9GdAyCXJShhz1bumr01MkFVRawrExYeAnNsqwtoxwOil2UkMTTEZ4QENHJRbURNns5Ak6dUoP9ZV2JS2aqb8nMiyMGYvYdQpsh2bRm4r/eWFq+9dRxmSSWirJfFE/5cgqNP0f9ZimxPKxI5ho5m5FZIg1JtalVHQhBIsvL5PmeTW4rAYPF+XaTR5HAY7hBCoQwBXU4A7q0AACCp7hFd486714797HvHXFy2eO4A+8zx/F75Ds</latexit>

min
K(k)

<latexit sha1_base64="wEUzRIl7Q+z05mltX2u09PEHa94=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMQL2FGRD0GvXiMaBbIhNDTqUma9Cx014hhzMWLv+LFgyJe/Qdv/o2d5aCJDwoe71VRVc+LpdBo299WZmFxaXklu5pbW9/Y3Mpv79R0lCgOVR7JSDU8pkGKEKooUEIjVsACT0Ld61+O/PodKC2i8BYHMbQC1g2FLzhDI7Xz+y7CPXp+iopxGFKXujeiG7Bi/6F/1M4X7JI9Bp0nzpQUyBSVdv7L7UQ8CSBELpnWTceOsZUyhYJLGObcREPMeJ91oWloyALQrXT8xZAeGqVD/UiZCpGO1d8TKQu0HgSe6QwY9vSsNxL/85oJ+uetVIRxghDyySI/kRQjOoqEdoQCjnJgCONKmFsp7zGTB5rgciYEZ/bleVI7LjmnJef6pFC+mMaRJXvkgBSJQ85ImVyRCqkSTh7JM3klb9aT9WK9Wx+T1ow1ndklf2B9/gAMnphF</latexit>

trace ⌃(k|k)
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)Optimization

<latexit sha1_base64="pJIitPyQx21gr/P3e9UltYswr4Y=">AAACEHicbZC7SgNBFIZn4y3GW9TSZjCISZGwK6I2QtAmYhPRxEA2hNnJbDLs7IWZs2JY8wg2voqNhSK2lna+jZNLoYk/DHz85xzOnN+JBFdgmt9Gam5+YXEpvZxZWV1b38hubtVVGEvKajQUoWw4RDHBA1YDDoI1IsmI7wh263jnw/rtHZOKh8EN9CPW8kk34C6nBLTVzu6fYtvh3fxF8TLvFSpDLtjXvOuTvPfg2cDuISkOrEI7mzNL5kh4FqwJ5NBE1Xb2y+6ENPZZAFQQpZqWGUErIRI4FWyQsWPFIkI90mVNjQHxmWolo4MGeE87HeyGUr8A8Mj9PZEQX6m+7+hOn0BPTdeG5n+1ZgzuSSvhQRQDC+h4kRsLDCEepoM7XDIKoq+BUMn1XzHtEUko6AwzOgRr+uRZqB+UrKOSdXWYK59N4kijHbSL8shCx6iMKqiKaoiiR/SMXtGb8WS8GO/Gx7g1ZUxmttEfGZ8/uxSbLQ==</latexit>

=
�
I �K(k)H

�
⌃(k|k-1)

<latexit sha1_base64="9PWhllFC2L4BnXZwPYFBtdLy4NU="></latexit>

K(k) = ⌃(k|k-1)H(k)T
⇣
H(k)⌃(k|k-1)H(k)T + V (k)

⌘�1

Gain
<latexit sha1_base64="Rh64NN8g/krVwMCLGxAfUGT/QEw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sIyI6JuhKKbLiv2Be20ZNJMG5pkhiQjlKFu/BU3LhRx61+4829M21lo64HLPZxzL8k9fsSo0o7zbWWWlldW17LruY3Nre0de3evrsJYYlLDIQtl00eKMCpITVPNSDOSBHGfkYY/vJ34jQciFQ1FVY8i4nHUFzSgGGkjde2Da9i+p32OCsMTWO5U66Z3klN33LXzTtGZAi4SNyV5kKLStb/avRDHnAiNGVKq5TqR9hIkNcWMjHPtWJEI4SHqk5ahAnGivGR6wRgeG6UHg1CaEhpO1d8bCeJKjbhvJjnSAzXvTcT/vFasgysvoSKKNRF49lAQM6hDOIkD9qgkWLORIQhLav4K8QBJhLUJLWdCcOdPXiT1s6J7UXTvzvOlmzSOLDgER6AAXHAJSqAMKqAGMHgEz+AVvFlP1ov1bn3MRjNWurMP/sD6/AFXL5Tn</latexit>

= ⌃(k)HT
V (k)�1

<latexit sha1_base64="kPFbDtK4oHtOzZer07EXtvElV0s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIugB8uuiHos9eKxgv2A7VqyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3U799hPThiv5AOOEBTEZSB5xSsBKfqtb54Ozx+zcm/TKFbfqzoCXiZeTCsrR6JW/un1F05hJoIIY43tuAkFGNHAq2KTUTQ1LCB2RAfMtlSRmJshmJ0/wiVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDSL3lT8z/NTiG6CjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKJRuCt/jyMmldVL2rqnd/WanV8ziK6Agdo1PkoWtUQ3eogZqIIoWe0St6c8B5cd6dj3lrwclnDtEfOJ8/NjKQjw==</latexit>

V
⌘�1

<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W ) State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R
Measurement 

(Sensor Model)

Measure
<latexit sha1_base64="h4KD0L9GQRtq2wH+uQuH+RGjSTs="></latexit>

⌃(k) = (I �K(k)H)⌃(k|k-1)(I �K(k)H)T +K(k)V (k)K(k)T
<latexit sha1_base64="dyhRjkvW32LOuKdhWr83UrIt8F0=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6KTMi6rLoRnBToS+YjiWTZtrQTDIkd4RS+hluXCji1q9x59+YaWehrQcSDufcy733hIngBlz321lZXVvf2CxsFbd3dvf2SweHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3WZ++4lpw5VswDhhQUwGkkecErCSf18ZnbWy77HRK5XdqjsDXiZeTsooR71X+ur2FU1jJoEKYozvuQkEE6KBU8GmxW5qWELoiAyYb6kkMTPBZLbyFJ9apY8jpe2TgGfq744JiY0Zx6GtjAkMzaKXif95fgrRdTDhMkmBSTofFKUCg8LZ/bjPNaMgxpYQqrndFdMh0YSCTaloQ/AWT14mrfOqd1n1Hi7KtZs8jgI6Rieogjx0hWroDtVRE1Gk0DN6RW8OOC/Ou/MxL11x8p4j9AfO5w9gHpAE</latexit>

K(k)V K(k)T

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)

<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

minimize (mean-squared) 
error after measurement

<latexit sha1_base64="wKWnCD/h0QvDIvQ37UVGlrvrA+8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegF8FLBPOAzRJmJ5NkyDyWmVkhLPkMLx4U8erXePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrGhnEnasMxy2k40xSLmtBWPbqd+64lqw5R8tOOERgIPJOszgq2Two5gspvdV0Znk26p7Ff9GdAyCXJShhz1bumr01MkFVRawrExYeAnNsqwtoxwOil2UkMTTEZ4QENHJRbURNns5Ak6dUoP9ZV2JS2aqb8nMiyMGYvYdQpsh2bRm4r/eWFq+9dRxmSSWirJfFE/5cgqNP0f9ZimxPKxI5ho5m5FZIg1JtalVHQhBIsvL5PmeTW4rAYPF+XaTR5HAY7hBCoQwBXU4A7q0AACCp7hFd486714797HvHXFy2eO4A+8zx/F75Ds</latexit>

min
K(k)

<latexit sha1_base64="wEUzRIl7Q+z05mltX2u09PEHa94=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMQL2FGRD0GvXiMaBbIhNDTqUma9Cx014hhzMWLv+LFgyJe/Qdv/o2d5aCJDwoe71VRVc+LpdBo299WZmFxaXklu5pbW9/Y3Mpv79R0lCgOVR7JSDU8pkGKEKooUEIjVsACT0Ld61+O/PodKC2i8BYHMbQC1g2FLzhDI7Xz+y7CPXp+iopxGFKXujeiG7Bi/6F/1M4X7JI9Bp0nzpQUyBSVdv7L7UQ8CSBELpnWTceOsZUyhYJLGObcREPMeJ91oWloyALQrXT8xZAeGqVD/UiZCpGO1d8TKQu0HgSe6QwY9vSsNxL/85oJ+uetVIRxghDyySI/kRQjOoqEdoQCjnJgCONKmFsp7zGTB5rgciYEZ/bleVI7LjmnJef6pFC+mMaRJXvkgBSJQ85ImVyRCqkSTh7JM3klb9aT9WK9Wx+T1ow1ndklf2B9/gAMnphF</latexit>

trace ⌃(k|k)
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)Optimization

<latexit sha1_base64="pJIitPyQx21gr/P3e9UltYswr4Y=">AAACEHicbZC7SgNBFIZn4y3GW9TSZjCISZGwK6I2QtAmYhPRxEA2hNnJbDLs7IWZs2JY8wg2voqNhSK2lna+jZNLoYk/DHz85xzOnN+JBFdgmt9Gam5+YXEpvZxZWV1b38hubtVVGEvKajQUoWw4RDHBA1YDDoI1IsmI7wh263jnw/rtHZOKh8EN9CPW8kk34C6nBLTVzu6fYtvh3fxF8TLvFSpDLtjXvOuTvPfg2cDuISkOrEI7mzNL5kh4FqwJ5NBE1Xb2y+6ENPZZAFQQpZqWGUErIRI4FWyQsWPFIkI90mVNjQHxmWolo4MGeE87HeyGUr8A8Mj9PZEQX6m+7+hOn0BPTdeG5n+1ZgzuSSvhQRQDC+h4kRsLDCEepoM7XDIKoq+BUMn1XzHtEUko6AwzOgRr+uRZqB+UrKOSdXWYK59N4kijHbSL8shCx6iMKqiKaoiiR/SMXtGb8WS8GO/Gx7g1ZUxmttEfGZ8/uxSbLQ==</latexit>

=
�
I �K(k)H

�
⌃(k|k-1)

<latexit sha1_base64="9PWhllFC2L4BnXZwPYFBtdLy4NU="></latexit>

K(k) = ⌃(k|k-1)H(k)T
⇣
H(k)⌃(k|k-1)H(k)T + V (k)

⌘�1

Gain
<latexit sha1_base64="Rh64NN8g/krVwMCLGxAfUGT/QEw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sIyI6JuhKKbLiv2Be20ZNJMG5pkhiQjlKFu/BU3LhRx61+4829M21lo64HLPZxzL8k9fsSo0o7zbWWWlldW17LruY3Nre0de3evrsJYYlLDIQtl00eKMCpITVPNSDOSBHGfkYY/vJ34jQciFQ1FVY8i4nHUFzSgGGkjde2Da9i+p32OCsMTWO5U66Z3klN33LXzTtGZAi4SNyV5kKLStb/avRDHnAiNGVKq5TqR9hIkNcWMjHPtWJEI4SHqk5ahAnGivGR6wRgeG6UHg1CaEhpO1d8bCeJKjbhvJjnSAzXvTcT/vFasgysvoSKKNRF49lAQM6hDOIkD9qgkWLORIQhLav4K8QBJhLUJLWdCcOdPXiT1s6J7UXTvzvOlmzSOLDgER6AAXHAJSqAMKqAGMHgEz+AVvFlP1ov1bn3MRjNWurMP/sD6/AFXL5Tn</latexit>

= ⌃(k)HT
V (k)�1

<latexit sha1_base64="kPFbDtK4oHtOzZer07EXtvElV0s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIugB8uuiHos9eKxgv2A7VqyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3U799hPThiv5AOOEBTEZSB5xSsBKfqtb54Ozx+zcm/TKFbfqzoCXiZeTCsrR6JW/un1F05hJoIIY43tuAkFGNHAq2KTUTQ1LCB2RAfMtlSRmJshmJ0/wiVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDSL3lT8z/NTiG6CjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKJRuCt/jyMmldVL2rqnd/WanV8ziK6Agdo1PkoWtUQ3eogZqIIoWe0St6c8B5cd6dj3lrwclnDtEfOJ8/NjKQjw==</latexit>

V
⌘�1

<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1



Discrete Time Kalman Filter 
<latexit sha1_base64="uT4DtJfp19KpvAll3qFoPqHkpXE=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEVoKZUZE3QhVNy4r2Au0Q8mkmTY0cyHJqGXswldx40IRt76GO9/GtJ2Fth4I+fj/c8jJ70acSWVZ30ZmYXFpeSW7mltb39jcMrd36jKMBaE1EvJQNF0sKWcBrSmmOG1GgmLf5bThDq7GfuOOCsnC4FYNI+r4uBcwjxGstNQx9x4Kg5JdROfoAmksohK611fHzFtla1JoHuwU8pBWtWN+tbshiX0aKMKxlC3bipSTYKEY4XSUa8eSRpgMcI+2NAbYp9JJJvuP0KFWusgLhT6BQhP190SCfSmHvqs7faz6ctYbi/95rVh5Z07CgihWNCDTh7yYIxWicRioywQlig81YCKY3hWRPhaYKB1ZTodgz355HupHZfukbN8c5yuXaRxZ2IcDKIANp1CBa6hCDQg8wjO8wpvxZLwY78bHtDVjpDO78KeMzx/gpJLN</latexit>

x(k + 1) = Ax(k) + w(k)Dynamics:

Sensor: 
<latexit sha1_base64="dSlhbNWeK6VnVjAkccf3e2yCH+8=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYhIpQZkTUjVB002UFe4F2KJk004ZmLiSZYh0KvoobF4q49Tnc+TZm2llo64GQj/8/h5z8bsSZVJb1beSWlldW1/LrhY3Nre0dc3evIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8Db1myMqJAuDezWOqOPjfsA8RrDSUtc8eCwNT9A1qqKHFE7RKL26ZtEqW9NCi2BnUISsal3zq9MLSezTQBGOpWzbVqScBAvFCKeTQieWNMJkiPu0rTHAPpVOMl1/go610kNeKPQJFJqqvycS7Es59l3d6WM1kPNeKv7ntWPlXTkJC6JY0YDMHvJijlSI0ixQjwlKFB9rwEQwvSsiAywwUTqxgg7Bnv/yIjTOyvZF2b47L1ZusjjycAhHUAIbLqECVahBHQgk8Ayv8GY8GS/Gu/Exa80Z2cw+/Cnj8wdpr5KP</latexit>

z(k) = Hx(k) + v(k)

<latexit sha1_base64="V7LyZiJKIXpyXLvg+o74gjvQyfg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZqKU0JUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufeeIGZUacf5thYWl5ZXVgtrxfWNza1te2e3qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMr81j2RikbiTo9i4nPUFzSkGGkjde2Dh/KwAj1FOfQ40gOMWHozLjvHLaNXunbJqToTwHni5qQEctS79pfXi3DCidCYIaU6rhNrP0VSU8zIuOglisQID1GfdAwViBPlp5M3xvDIKD0YRtKU0HCi/p5IEVdqxAPTmZ2qZr1M/M/rJDq88FMq4kQTgaeLwoRBHcEsE9ijkmDNRoYgLKm5FeIBkghrk1zRhODOvjxPmidV96zq3p6Wapd5HAWwDw5BGbjgHNTANaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPZJ6XJw==</latexit>

w(k) ⇠ N (0,W (k))

<latexit sha1_base64="vvBbSiXmP1q5ZAEgpmA/gojDae0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFakJKIqMuiG1dSwT6gCWUynbRDZyZhZlIooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJP5rRGRikbiQY9j4nPUFzSkGGkjde2jUXlYgZ6iHHoc6QFGLL2blJ3TptErXbvkVJ0p4CJxc1ICOepd+8vrRTjhRGjMkFId14m1nyKpKWZkUvQSRWKEh6hPOoYKxIny0+kbE3hilB4MI2lKaDhVf0+kiCs15oHpzE5V814m/ud1Eh1e+SkVcaKJwLNFYcKgjmCWCexRSbBmY0MQltTcCvEASYS1Sa5oQnDnX14kzbOqe1F1789Ltes8jgI4BMegDFxwCWrgFtRBA2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHYXaXJQ==</latexit>

v(k) ⇠ N (0, V (k))

Filter <latexit sha1_base64="GM36oIL63lziQbhrHfEcAWicUYQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquiHosevFYwX7AdinZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJI84JWAlvzskkD1NqqPTs1654tbcGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0XWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHs1mQ3w==</latexit>

x̂(k),
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k) state estimate 
covariance estimate 

Prediction
<latexit sha1_base64="MmprZ/E0ltFVb0c4ip1Dy5PgYj0=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKmKZEVE3SqsblxV7g7aWTJq2oZkLyRmxjH0bN76KG0FFdOmbmF7E2nog8PP953ByficQXIFlfRqxmdm5+YX4YmJpeWV1zVzfKCo/lJQVqC98WXaIYoJ7rAAcBCsHkhHXEazkdC76fumWScV9Lw/dgNVc0vJ4k1MCGtXNs+o1b7kk1bnvVIHdQbTfs3fxKc7iH+MXZ2/yeA+XxlHdTFppa1B4WtgjkUSjytXNl2rDp6HLPKCCKFWxrQBqEZHAqWC9RDVULCC0Q1qsoqVHXKZq0eDOHt7RpIGbvtTPAzyg4xMRcZXquo7udAm01aTXh/95lRCaJ7WIe0EIzKPDRc1QYPBxPzTc4JJREF0tCJVc/xXTNpGEgo42oUOwJ0+eFsWDtH2Utq8Ok5nzURxxtIW2UQrZ6Bhl0CXKoQKi6AE9oVf0Zjwaz8a78TFsjRmjmU30p4yvb2l9o8o=</latexit>

⌃(k|k-1) = A⌃(k-1)AT +W (k-1)

<latexit sha1_base64="zN75e7Llf4QHu7ywJ8ZXEX1SvZo=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEQ8KuiHoRol48RjAPSEKYnUySIbOzy0yvJKz5Ci/+ihcPingVb/6Nk2TxkVjQUFR1093lhYJrcJxPa25+YXFpObWSXl1b39i0t7bLOogUZSUaiEBVPaKZ4JKVgINg1VAx4nuCVbze5civ3DKleSBvYBCyhk86krc5JWCkpp2rdwnE/WG2d9erA+tDnBu6B/gMn+Nv50dv2hkn74yBZ4mbkAxKUGzaH/VWQCOfSaCCaF1znRAaMVHAqWDDdD3SLCS0RzqsZqgkPtONePzWEO8bpYXbgTIlAY/V3xMx8bUe+J7p9Al09bQ3Ev/zahG0Txsxl2EETNLJonYkMAR4lBFuccUoiIEhhCpubsW0SxShYJJMmxDc6ZdnSfkw7x7n3eujTOEiiSOFdtEeyiIXnaACukJFVEIU3aNH9IxerAfryXq13iatc1Yys4P+wHr/AhsVnrA=</latexit>

x̂(k|k-1) = Ax̂(k-1)

<latexit sha1_base64="5SjdPA4yTraeg4z/QPSkVDVBIjA=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyBWBh2RdRGCNpYRjAXyIYwOzlJhsxemDkrCUuewMZXsbFQxNbazrdxcik08YeBb/5zDjPn92MpNDrOt7W0vLK6tp7ZyG5ube/s2nv7VR0likOFRzJSdZ9pkCKECgqUUI8VsMCXUPP7N+N67QGUFlF4j8MYmgHrhqIjOENjtey8h0K2IR2MCv1jekW9HsPpxUMYYHoyGhhu2Tmn6ExEF8GdQY7MVG7ZX1474kkAIXLJtG64TozNlCkUXMIo6yUaYsb7rAsNgyELQDfTyTojmjdOm3YiZU6IdOL+nkhZoPUw8E1nwLCn52tj879aI8HOZTMVYZwghHz6UCeRFCM6zoa2hQKOcmiAcSXMXynvMcU4mgSzJgR3fuVFqJ4W3fOie3eWK13P4siQQ3JECsQlF6REbkmZVAgnj+SZvJI368l6sd6tj2nrkjWbOSB/ZH3+AA1dm3k=</latexit>

x̃(k) = x̂(k)-x(k)
<latexit sha1_base64="ramsRkYCj05x5fphTLuvMJ1mEyE=">AAACJXicbVDLSgMxFM3UV62vqks3wSLopsyIqAsFUQSXFVsrdMaSSe+0oZkHyR1pGfozbvwVNy4sIrjyV0xrF/VxIHByzrkk9/iJFBpt+8PKzczOzS/kFwtLyyura8X1jVsdp4pDjccyVnc+0yBFBDUUKOEuUcBCX0Ld716M/PoDKC3iqIr9BLyQtSMRCM7QSM3iiXsj2iHb7e7RU+oi9NAPssuBey7aDXMXsgVZb2DsaX5fpaOA1yyW7LI9Bv1LnAkpkQkqzeLQbcU8DSFCLpnWDcdO0MuYQsElDApuqiFhvMva0DA0YiFoLxtvOaA7RmnRIFbmREjH6vRExkKt+6FvkiHDjv7tjcT/vEaKwbGXiShJESL+/VCQSooxHVVGW0IBR9k3hHElzF8p7zDFOJpiC6YE5/fKf8ntftk5LDvXB6Wz80kdebJFtskuccgROSNXpEJqhJNH8kxeydB6sl6sN+v9O5qzJjOb5Aeszy8gzKRv</latexit>

⌃(k) = E
h
x̃(k)x̃(k)T

i

<latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

<latexit sha1_base64="l0g8gVhanuz5IUjuQCkMAyrrM+o=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD82zXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxgWjRM=</latexit>

V )

<latexit sha1_base64="bd2p2CEdmCVlAl6GQ4eX8w0HxFM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpoXXWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9S6r3v1FpXaTx1GEIziGU/DgCmpwB3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifPxmbjRQ=</latexit>

W ) State-Space
<latexit sha1_base64="B5wbOQuzwrrzOatK61iGnDtzSr8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKqMuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fpY61vV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ipp1aruRdW9O6/Ur/M6inAMJ3AGLlxCHW6hAU0gMIVneIU3K7VerHfrYzFasPKdI/gD6/MHRs2T9A==</latexit>

x 2 R2

<latexit sha1_base64="TtCTMaI/97saKSaxwM4nhUTs82U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFNKJPppB06mYSZSaGG/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeChYygrWR+rb9hDwmkBdhPQqC7GHWt6tOzZkDrRK3IFUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU5nFS9VNMFkjIe0Z6jAEVV+Nk8+Q2dGGaAwluYJjebq740MR0pNo8BM5gnVspeL/3m9VIfXfsZEkmoqyOJQmHKkY5TXgAZMUqL51BBMJDNZERlhiYk2ZVVMCe7yl1dJ+6Lm1mvu/WW1cVPUUYYTOIVzcOEKGnAHTWgBgQk8wyu8WZn1Yr1bH4vRklXsHMMfWJ8/GQSTUg==</latexit>

z 2 R
Measurement 

(Sensor Model)

Measure
<latexit sha1_base64="h4KD0L9GQRtq2wH+uQuH+RGjSTs="></latexit>

⌃(k) = (I �K(k)H)⌃(k|k-1)(I �K(k)H)T +K(k)V (k)K(k)T
<latexit sha1_base64="dyhRjkvW32LOuKdhWr83UrIt8F0=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6KTMi6rLoRnBToS+YjiWTZtrQTDIkd4RS+hluXCji1q9x59+YaWehrQcSDufcy733hIngBlz321lZXVvf2CxsFbd3dvf2SweHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3WZ++4lpw5VswDhhQUwGkkecErCSf18ZnbWy77HRK5XdqjsDXiZeTsooR71X+ur2FU1jJoEKYozvuQkEE6KBU8GmxW5qWELoiAyYb6kkMTPBZLbyFJ9apY8jpe2TgGfq744JiY0Zx6GtjAkMzaKXif95fgrRdTDhMkmBSTofFKUCg8LZ/bjPNaMgxpYQqrndFdMh0YSCTaloQ/AWT14mrfOqd1n1Hi7KtZs8jgI6Rieogjx0hWroDtVRE1Gk0DN6RW8OOC/Ou/MxL11x8p4j9AfO5w9gHpAE</latexit>

K(k)V K(k)T

<latexit sha1_base64="UIEa4GMfZ8lI0Zl2E68a7GXvCFw="></latexit>

x̂(k|k) = x̂(k|k-1) +K(k)
⇣
z(k)�Hx̂(k|k-1)

⌘
<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

<latexit sha1_base64="gV9VQRmekbJJVBEbN2mXS7LUhaM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKIqMuiG5cV7AOaUCbTSTt08mDmRhpC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbJa2yts7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDv1O49MKh6FD5DGzA3IMOQ+pwS01DcrzohANslrYwfYBLKz3D7tm1Wrbs2Al4ldkCoq0OybX84goknAQqCCKNWzrRjcjEjgVLC87CSKxYSOyZD1NA1JwJSbzY7P8YlWBtiPpK4Q8Ez9PZGRQKk08HRnQGCkFr2p+J/XS8C/djMexgmwkM4X+YnAEOFpEnjAJaMgUk0IlVzfiumISEJB51XWIdiLLy+T9nndvqzb9xfVxk0RRwkdoWNUQza6Qg10h5qohShK0TN6RW/Gk/FivBsf89YVo5ipoD8wPn8AgJ+Uqw==</latexit>

x̂(k-1)
<latexit sha1_base64="nx7QUsZA3ZlUopvnEw9wy7VIICI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioh6LXjxWtB/QlLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79kGpqaNEUdagkYhU2yeaCR6yBnAQrB0rRqQvWMsf3U791hNTmkfhI0xi1pVkEPKAUwJG6tkl74EPJKmMPGBjSM8y97Rnl52qMwNeJm5OyihHvWd/ef2IJpKFQAXRuuM6MXRTooBTwbKil2gWEzoiA9YxNCSS6W46uz3DJ0bp4yBSpkLAM/X3REqk1hPpm05JYKgXvan4n9dJILjupjyME2AhnS8KEoEhwtMgcJ8rRkFMDCFUcXMrpkOiCAUTV9GE4C6+vEya51X3sureX5RrN3kcBXSEjlEFuegK1dAdqqMGomiMntErerMy68V6tz7mrStWPnOI/sD6/AEyu5Pl</latexit>

⌃(k-1)

<latexit sha1_base64="iLXiAUzH0dqtrLmFzBTO5g9nxB0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahLiyJiLosunFZ0T6gCWUynbRDZpIwcyPWWPwVNy4Ucet/uPNvnLZZaPXAhcM593LvPX7CmQLb/jIKc/MLi0vF5dLK6tr6hrm51VRxKgltkJjHsu1jRTmLaAMYcNpOJMXC57Tlhxdjv3VLpWJxdAPDhHoC9yMWMIJBS11zx71mfYEr4UPoAr2D7HDkHHTNsl21J7D+EicnZZSj3jU/3V5MUkEjIBwr1XHsBLwMS2CE01HJTRVNMAlxn3Y0jbCgyssm14+sfa30rCCWuiKwJurPiQwLpYbC150Cw0DNemPxP6+TQnDmZSxKUqARmS4KUm5BbI2jsHpMUgJ8qAkmkulbLTLAEhPQgZV0CM7sy39J86jqnFSdq+Ny7TyPo4h20R6qIAedohq6RHXUQATdoyf0gl6NR+PZeDPep60FI5/ZRr9gfHwD6nSU4A==</latexit>

⌃(k|k-1)

<latexit sha1_base64="ycCFAaN+h4qBWVdLXe+FaOCC6tU=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ae0oWy2m3bpZhN3J6Ul9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tlZW19Y3NnNb+e2d3b39wsFhXUeJoqxGIxGppk80E1yyGnIUrBkrRkJfsIY/uJv6jSFTmkfyEccx80LSkzzglKCRvFFp0EY2wvR84p51CkWn7MxgLxM3I0XIUO0UvtrdiCYhk0gF0brlOjF6KVHIqWCTfDvRLCZ0QHqsZagkIdNeOjt6Yp8apWsHkTIl0Z6pvydSEmo9Dn3TGRLs60VvKv7ntRIMbryUyzhBJul8UZAIGyN7moDd5YpRFGNDCFXc3GrTPlGEoskpb0JwF19eJvWLsntVdh8ui5XbLI4cHMMJlMCFa6jAPVShBhSe4Ble4c0aWi/Wu/Uxb12xspkj+APr8wcfD5Gt</latexit>

x(k-1)

<latexit sha1_base64="FfF1JCcDMa9gJ+mB7RoXGex4Rug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNRj0YvHCvYDmlA22027dLMJuxNpiQH/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCmw7W+jsLS8srpWXC9tbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vBm4rceqFQsEvcwjqkX4r5gASMYtNQ1D9wBhnSUVYaPQxfoCNLTzDnpmmW7ak9hLRInJ2WUo941v9xeRJKQCiAcK9Vx7Bi8FEtghNOs5CaKxpgMcZ92NBU4pMpLp+dn1rFWelYQSV0CrKn6eyLFoVLj0NedIYaBmvcm4n9eJ4HgykuZiBOggswWBQm3ILImWVg9JikBPtYEE8n0rRYZYIkJ6MRKOgRn/uVF0jyrOhdV5+68XLvO4yiiQ3SEKshBl6iGblEdNRBBKXpGr+jNeDJejHfjY9ZaMPKZffQHxucPOeOVpg==</latexit>

x̂(k|k-1)

<latexit sha1_base64="eVvGwiuKnTKPBV3wB8JTioawIeA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lN1cj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmvefb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHdhSN3A==</latexit>

x(k)

<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)

<latexit sha1_base64="FHnSaUP3UK0TaQlXMKBfANobF58=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6YhDA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95iPXRkTqHscx74Z0oEQgGEUrPXSGFNOnSXl02iuW3Io7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RxVvEuKt7deal6ncWRhyM4hjJ4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNH7pCp</latexit>

x̂(k)

minimize (mean-squared) 
error after measurement

<latexit sha1_base64="wKWnCD/h0QvDIvQ37UVGlrvrA+8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegF8FLBPOAzRJmJ5NkyDyWmVkhLPkMLx4U8erXePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrGhnEnasMxy2k40xSLmtBWPbqd+64lqw5R8tOOERgIPJOszgq2Two5gspvdV0Znk26p7Ff9GdAyCXJShhz1bumr01MkFVRawrExYeAnNsqwtoxwOil2UkMTTEZ4QENHJRbURNns5Ak6dUoP9ZV2JS2aqb8nMiyMGYvYdQpsh2bRm4r/eWFq+9dRxmSSWirJfFE/5cgqNP0f9ZimxPKxI5ho5m5FZIg1JtalVHQhBIsvL5PmeTW4rAYPF+XaTR5HAY7hBCoQwBXU4A7q0AACCp7hFd486714797HvHXFy2eO4A+8zx/F75Ds</latexit>

min
K(k)

<latexit sha1_base64="wEUzRIl7Q+z05mltX2u09PEHa94=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMQL2FGRD0GvXiMaBbIhNDTqUma9Cx014hhzMWLv+LFgyJe/Qdv/o2d5aCJDwoe71VRVc+LpdBo299WZmFxaXklu5pbW9/Y3Mpv79R0lCgOVR7JSDU8pkGKEKooUEIjVsACT0Ld61+O/PodKC2i8BYHMbQC1g2FLzhDI7Xz+y7CPXp+iopxGFKXujeiG7Bi/6F/1M4X7JI9Bp0nzpQUyBSVdv7L7UQ8CSBELpnWTceOsZUyhYJLGObcREPMeJ91oWloyALQrXT8xZAeGqVD/UiZCpGO1d8TKQu0HgSe6QwY9vSsNxL/85oJ+uetVIRxghDyySI/kRQjOoqEdoQCjnJgCONKmFsp7zGTB5rgciYEZ/bleVI7LjmnJef6pFC+mMaRJXvkgBSJQ85ImVyRCqkSTh7JM3klb9aT9WK9Wx+T1ow1ndklf2B9/gAMnphF</latexit>

trace ⌃(k|k)
<latexit sha1_base64="iHCZled5vh3duboPrNo4Y2ZfAtY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFY0X5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hY6bF3z4YCV8en/XLFrbkZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7ODp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwFl9eJq2zmndR8+7OK/XrPI4iHMExVMGDS6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHwDXj+M=</latexit>

⌃(k)Optimization

<latexit sha1_base64="pJIitPyQx21gr/P3e9UltYswr4Y=">AAACEHicbZC7SgNBFIZn4y3GW9TSZjCISZGwK6I2QtAmYhPRxEA2hNnJbDLs7IWZs2JY8wg2voqNhSK2lna+jZNLoYk/DHz85xzOnN+JBFdgmt9Gam5+YXEpvZxZWV1b38hubtVVGEvKajQUoWw4RDHBA1YDDoI1IsmI7wh263jnw/rtHZOKh8EN9CPW8kk34C6nBLTVzu6fYtvh3fxF8TLvFSpDLtjXvOuTvPfg2cDuISkOrEI7mzNL5kh4FqwJ5NBE1Xb2y+6ENPZZAFQQpZqWGUErIRI4FWyQsWPFIkI90mVNjQHxmWolo4MGeE87HeyGUr8A8Mj9PZEQX6m+7+hOn0BPTdeG5n+1ZgzuSSvhQRQDC+h4kRsLDCEepoM7XDIKoq+BUMn1XzHtEUko6AwzOgRr+uRZqB+UrKOSdXWYK59N4kijHbSL8shCx6iMKqiKaoiiR/SMXtGb8WS8GO/Gx7g1ZUxmttEfGZ8/uxSbLQ==</latexit>

=
�
I �K(k)H

�
⌃(k|k-1)

<latexit sha1_base64="9PWhllFC2L4BnXZwPYFBtdLy4NU="></latexit>

K(k) = ⌃(k|k-1)H(k)T
⇣
H(k)⌃(k|k-1)H(k)T + V (k)

⌘�1

Gain
<latexit sha1_base64="Rh64NN8g/krVwMCLGxAfUGT/QEw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sIyI6JuhKKbLiv2Be20ZNJMG5pkhiQjlKFu/BU3LhRx61+4829M21lo64HLPZxzL8k9fsSo0o7zbWWWlldW17LruY3Nre0de3evrsJYYlLDIQtl00eKMCpITVPNSDOSBHGfkYY/vJ34jQciFQ1FVY8i4nHUFzSgGGkjde2Da9i+p32OCsMTWO5U66Z3klN33LXzTtGZAi4SNyV5kKLStb/avRDHnAiNGVKq5TqR9hIkNcWMjHPtWJEI4SHqk5ahAnGivGR6wRgeG6UHg1CaEhpO1d8bCeJKjbhvJjnSAzXvTcT/vFasgysvoSKKNRF49lAQM6hDOIkD9qgkWLORIQhLav4K8QBJhLUJLWdCcOdPXiT1s6J7UXTvzvOlmzSOLDgER6AAXHAJSqAMKqAGMHgEz+AVvFlP1ov1bn3MRjNWurMP/sD6/AFXL5Tn</latexit>

= ⌃(k)HT
V (k)�1

<latexit sha1_base64="kPFbDtK4oHtOzZer07EXtvElV0s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIugB8uuiHos9eKxgv2A7VqyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3U799hPThiv5AOOEBTEZSB5xSsBKfqtb54Ozx+zcm/TKFbfqzoCXiZeTCsrR6JW/un1F05hJoIIY43tuAkFGNHAq2KTUTQ1LCB2RAfMtlSRmJshmJ0/wiVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDSL3lT8z/NTiG6CjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKJRuCt/jyMmldVL2rqnd/WanV8ziK6Agdo1PkoWtUQ3eogZqIIoWe0St6c8B5cd6dj3lrwclnDtEfOJ8/NjKQjw==</latexit>

V
⌘�1

<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1



Definite (Symmetric) Matrices - Reference/Review
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Positive definite: 

Definiteness: 

Positive semi-definite

Negative-definite

Negative semi-definite

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="Sm/tpm12K2N9iUzAEMBuyIaLo6s=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6A3wkdq9Yssv2HGSVOBkpQYZqr/jV7UcsCTDUTFClOo4dazelUnMmcFroJgpjykZ0gB1DQxqgctP5zVNyZpQ+8SNpKtRkrv6eSGmg1CTwTGdA9VAtezPxP6+TaP/GTXkYJxpDtljkJ4LoiMwCIH0ukWkxMYQyyc2thA2ppEybmAomBGf55VXSvCg7V2Wndlmq3GZx5OEETuEcHLiGCtxDFRrAIIZneIU3K7FerHfrY9Gas7KZY/gD6/MH6tWQ9A==</latexit>

xTQx � 0

<latexit sha1_base64="CqyjuRRcO25insbG0QX+j4xmekk=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6Ah+J3SuW7LI9B1klTkZKkKHaK351+xFLAgw1E1SpjmPH2k2p1JwJnBa6icKYshEdYMfQkAao3HR+85ScGaVP/EiaCjWZq78nUhooNQk80xlQPVTL3kz8z+sk2r9xUx7GicaQLRb5iSA6IrMASJ9LZFpMDKFMcnMrYUMqKdMmpoIJwVl+eZU0L8rOVdmpXZYqt1kceTiBUzgHB66hAvdQhQYwiOEZXuHNSqwX6936WLTmrGzmGP7A+vwB8n2Q+Q==</latexit>

xTQx  0

<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

Notation Definition
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

Eigenvalues
<latexit sha1_base64="azDnpLcDmCoze4HOo8DJGf8SQnQ=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZ0RUVdSdOOygq1Cp5RM5rYNzWTG5I5Yhn6GG3/FjQtF3Lrzb0wf4PNA4HDOudzcEyRSGHTdDyc3Mzs3v5BfLCwtr6yuFdc3GiZONYc6j2WsrwNmQAoFdRQo4TrRwKJAwlXQPxv5V7egjYjVJQ4SaEWsq0RHcIZWahf3fGnDIWsLekJd6t+kLKRfmi8U9RHuMAPRHZYvdtvFkltxx6B/iTclJTJFrV1898OYpxEo5JIZ0/TcBFsZ0yi4hGHBTw0kjPdZF5qWKhaBaWXjw4Z0xyoh7cTaPoV0rH6fyFhkzCAKbDJi2DO/vZH4n9dMsXPcyoRKUgTFJ4s6qaQY01FLNBQaOMqBJYxrYf9KeY9pxtF2WbAleL9P/ksa+xXvsOJdHJSqp9M68mSLbJMy8cgRqZJzUiN1wsk9eSTP5MV5cJ6cV+dtEs0505lN8gPO+yehSp7p</latexit>

�i > 0 �i 2 eig(Q)

<latexit sha1_base64="MfWB2zI78rsaYP71bTHr2NepXjc=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggY9GFKPBsOMRfSbLBQNEG4xB9Eb7zcOOm7Zq3hT0L/En5EymaHecd+CKOFZDAq5ZMa0fC/Fds40Ci5hXAoyAynjA9aDlqWKxWDa+fS2Md2zSkS7ibZPIZ2q3ydyFhszikObjBn2zW9vIv7ntTLsnrRzodIMQfGvRd1MUkzopCgaCQ0c5cgSxrWwf6W8zzTjaOss2RL83yf/JZfVin9U8RuH5drprI4i2SG7ZJ/45JjUyDmpkybh5I48kCfy7Nw7j86L8/oVLTizmW3yA877J12IoGI=</latexit>

�i � 0 �i 2 eig(Q)

<latexit sha1_base64="Mq4z//Gb3kr7DgruCCTaqZ1LANw=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggYShtSjwTBjEf0mC0UDhFvMQfTG+42Djlv2Kt4U9C/xZ6RMZqh33LcgSngWg0IumTEt30uxnTONgksYl4LMQMr4gPWgZaliMZh2Pr1tTPesEtFuou1TSKfq94mcxcaM4tAmY4Z989ubiP95rQy7J+1cqDRDUPxrUTeTFBM6KYpGQgNHObKEcS3sXynvM8042jpLtgT/98l/yWW14h9V/MZhuXY6q6NIdsgu2Sc+OSY1ck7qpEk4uSMP5Ik8O/fOo/PivH5FC85sZpv8gPP+CWXaoGc=</latexit>

�i  0 �i 2 eig(Q)

<latexit sha1_base64="4lmoPQJcmJmnoCjwllLRo10AJmg=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEJu6KqIVF0MYygolCNoTZ2ZtkyOzsOnNXDEs+w8ZfsbFQxNbOv3HyAJ8HBg7nnMude4JECoOu++HkZmbn5hfyi4Wl5ZXVteL6RsPEqeZQ57GM9XXADEihoI4CJVwnGlgUSLgK+mcj/+oWtBGxusRBAq2IdZXoCM7QSu3ini9tOGRtQU+oS/2blIX0S/OFoj7CHWYgusPyxW67WHIr7hj0L/GmpESmqLWL734Y8zQChVwyY5qem2ArYxoFlzAs+KmBhPE+60LTUsUiMK1sfNiQ7lglpJ1Y26eQjtXvExmLjBlEgU1GDHvmtzcS//OaKXaOW5lQSYqg+GRRJ5UUYzpqiYZCA0c5sIRxLexfKe8xzTjaLgu2BO/3yX9JY7/iHVa8i4NS9XRaR55skW1SJh45IlVyTmqkTji5J4/kmbw4D86T8+q8TaI5ZzqzSX7Aef8Enfqe5w==</latexit>

�i < 0 �i 2 eig(Q)

<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

<latexit sha1_base64="0tfmraC+uMliXHyYMYS1fzMrOK0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2m3bpJht3J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3cxvP3FthIofcJJwP6LDWISCUbRSt0F6JmWMPxK3X664VXcOskq8nFQgR71f/uoNFEsjHiOT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqUxjbjxs/nJU3JmlQEJlbYVI5mrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMxEmKPGaLRWEqCSoy+58MhOYM5cQSyrSwtxI2opoytCmVbAje8surpHVR9a6qXuOyUrvN4yjCCZzCOXhwDTW4hzo0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ATa5kI8=</latexit>

Q ⌫ 0

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0

<latexit sha1_base64="ZMT5dm86HV7mjoC7Nmym3O7qxL4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ie0Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2PazkJbLwQO55xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZnr7iWrDlHywk4SGAg8lixnB1lGPDdRzdoL8frniV/35oFUQ5KAC+dT75a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVQYkFNmM0PnqIzxwxQrLR70qI5+3sjw8KYiYicU2A7MsvajPxP66Y2vgkzJpPUUkkWH8UpR1ahWXo0YC6t5RMHMNHM3YrICGtMrOuo5EoIliOvgtZFNbiqBo3LSu02r6MIJ3AK5xDANdTgHurQBAICnuEV3jztvXjv3sfCWvDynWP4M97nD5stj6E=</latexit>

Q � 0

Eigenvalue condition proof:

…consider eigenvector coordinates
<latexit sha1_base64="kuWbQgb8QKHwbozDTp8oCkclA3k=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKqBch6MVjBPOAZAmzk95kyOzsMjMrCUs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHdR2nimGNxSJWzYBqFFxizXAjsJkopFEgsBEM7iZ+4wmV5rF8NKME/Yj2JA85o8ZKjSG5IfXhaadYcsvuFGSZeHNSgjmqneJXuxuzNEJpmKBatzw3MX5GleFM4LjQTjUmlA1oD1uWShqh9rPpuWNyYpUuCWNlSxoyVX9PZDTSehQFtjOipq8XvYn4n9dKTXjtZ1wmqUHJZovCVBATk8nvpMsVMiNGllCmuL2VsD5VlBmbUMGG4C2+vEzq52Xvsuw9XJQqt/M48nAEx3AGHlxBBe6hCjVgMIBneIU3J3FenHfnY9aac+Yzh/AHzucP/ISOsA==</latexit>

x = V x0

<latexit sha1_base64="l5jjLCkmpbzMW9XsXfwcdIDXRp4="></latexit>

xTQx = xV DV Tx = x0TDx0 =
X

i

�ix
0
i
2
> 0

since V is

invertible…

<latexit sha1_base64="Ppuhn2RfazuPnQIyGBuu1YF1uT4=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaip5KIqMeiF48V7Ac0oWy2m3bpZhN2N2Ip/QVe/CtePCji1bM3/42bNoK2Phh4vDfDzLwg4Uxpx/myCkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8yvzWHZWKxeJWjxLqR7gvWMgI1kbq2hUvjCXmHHno3hRCHgvDjPzomXHUtctO1ZkCLRI3J2XIUe/an14vJmlEhSYcK9VxnUT7Yyw1I5xOSl6qaILJEPdpx1CBI6r88fSdCaoYpYfMflNCo6n6e2KMI6VGUWA6I6wHat7LxP+8TqrDC3/MRJJqKshsUZhypGOUZYN6TFKi+cgQTCQztyIywBITbRIsmRDc+ZcXSfOk6p5V3ZvTcu0yj6MIB3AIx+DCOdTgGurQAAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/IH18Q3b3plz</latexit>

8 x () 8 x0

<latexit sha1_base64="GDu8Ljgvo2Kca7W0o4LdjofUbZQ="></latexit>X

i

�ix
0
i
2
> 0 8x0 () �i > 0 8 �i 2 eig(Q)

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

Indefinite:

Analogy

…positive orthant

…positive orthant 
w/ boundary

…negative orthant 
w/ boundary

…negative orthant

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x
<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x

…the rest of the space

Short

PD

PSD

ND

NSD

Surfaces:
<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

level setssurface 

<latexit sha1_base64="qT/ssyBkxdhQJTo8MtySRd1bUKg="></latexit>

=

2

4
| |
v1 v2
| |

3
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
�1 0
0 �2

� 
� vT1 �
� vT2 �

�

<latexit sha1_base64="4jkRVsjv7uKSkRZbv1YJeFTy2nM=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewao15MiHrwCAksGFhJtxRoaLubtmtCNvwKLx40xqs/x5v/xgJ7UPAlk7y8N5OZeWHMmTau++3kVlbX1jfym4Wt7Z3dveL+ga+jRBHaIBGPVCvEmnImacMww2krVhSLkNNmOLqd+s0nqjSLZN2MYxoIPJCszwg2VnqooWvk3/mP9W6x5JbdGdAy8TJSggzVbvGr04tIIqg0hGOt254bmyDFyjDC6aTQSTSNMRnhAW1bKrGgOkhnB0/QiVV6qB8pW9Kgmfp7IsVC67EIbafAZqgXvan4n9dOTP8qSJmME0MlmS/qJxyZCE2/Rz2mKDF8bAkmitlbERlihYmxGRVsCN7iy8vEPyt7F2Wvdl6q3GRx5OEIjuEUPLiECtxDFRpAQMAzvMKbo5wX5935mLfmnGzmEP7A+fwBFFiPSg==</latexit>

Q = V DV T
<latexit sha1_base64="ZYFyikAji1OQEzHK57ip4Ezfng0=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSLUTZkRUTdC0Y3LFvqCdiyZNNOGZjJDkiktQ//EjQtF3Pon7vwb03YW2nrgcg/n3Etujh9zprTjfFtr6xubW9u5nfzu3v7BoX103FBRIgmtk4hHsuVjRTkTtK6Z5rQVS4pDn9OmP3yY+c0RlYpFoqYnMfVC3BcsYARrI3VtOyiOL9AdGj/VqmPT3a5dcErOHGiVuBkpQIZK1/7q9CKShFRowrFSbdeJtZdiqRnhdJrvJIrGmAxxn7YNFTikykvnl0/RuVF6KIikKaHRXP29keJQqUnom8kQ64Fa9mbif1470cGtlzIRJ5oKsngoSDjSEZrFgHpMUqL5xBBMJDO3IjLAEhNtwsqbENzlL6+SxmXJvS651atC+T6LIwencAZFcOEGyvAIFagDgRE8wyu8Wan1Yr1bH4vRNSvbOYE/sD5/AHtXkZ4=</latexit>

f(x) = xTQx = 1

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit>

(
<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit>

(
<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit>

(

<latexit sha1_base64="gEF20HFCsSc/jqgzJ0R8lstM2f4=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVTIi6rLoxmUF+4AmhMlk0g6dPJy5EUrIwo2/4saFIm79CHf+jdM2C209MHA45x7u3OOngiuw7W+jsrK6tr5R3axtbe/s7pn7B12VZJKyDk1EIvs+UUzwmHWAg2D9VDIS+YL1/PH11O89MKl4Et/BJGVuRIYxDzkloCXPrDsQSkJzXOSOupeQO0KHA+LhovDMht20Z7CWCS5JA5Voe+aXEyQ0i1gMVBClBthOwc2JBE4FK2pOplhK6JgM2UDTmERMufnsiMI61kpghYnULwZrpv5O5CRSahL5ejIiMFKL3lT8zxtkEF66OY/TDFhM54vCTFiQWNNGrIBLRkFMNCFUcv1Xi46ILgV0bzVdAl48eZl0T5v4vIlvzxqtq7KOKqqjI3SCMLpALXSD2qiDKHpEz+gVvRlPxovxbnzMRytGmTlEf2B8/gCdv5i3</latexit>

1p
�1

<latexit sha1_base64="5rAhwhbNWG9ajNozS+Oc07ac3+g=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuSlJEXRbduKxgH9CEMJlM2qGTSZy5EUrIwo2/4saFIm79CHf+jdM2C209MHA45x7u3BOknCmw7W9jZXVtfWOzslXd3tnd2zcPDrsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvH11O89UKlYIu5gklIvxkPBIkYwaMk3ay5EEpPcKXJX3UvIXa7DIfabReGbdbthz2AtE6ckdVSi7ZtfbpiQLKYCCMdKDRw7BS/HEhjhtKi6maIpJmM8pANNBY6p8vLZEYV1opXQihKpnwBrpv5O5DhWahIHejLGMFKL3lT8zxtkEF16ORNpBlSQ+aIo4xYk1rQRK2SSEuATTTCRTP/VIiOsSwHdW1WX4CyevEy6zYZz3nBuz+qtq7KOCqqhY3SKHHSBWugGtVEHEfSIntErejOejBfj3fiYj64YZeYI/YHx+QOfRZi4</latexit>

1p
�2

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="eUl5PRa+ArJ9GbS+Ik+BQOcZ78c=">AAACB3icbVDLSgMxFL1TX3V8jboUJFgEV2WmiLoRim5cVrAPaIchk2ba0MyDJFMotTs3/oobF4q49Rfc+Tem0wG19UDCyTn3cnOPn3AmlW1/GYWl5ZXVteK6ubG5tb1j7e41ZJwKQusk5rFo+VhSziJaV0xx2koExaHPadMfXE/95pAKyeLoTo0S6oa4F7GAEay05FmHZsdnvfvsGnrs5+FV0CVyPKtkl+0MaJE4OSlBjppnfXa6MUlDGinCsZRtx06UO8ZCMcLpxOykkiaYDHCPtjWNcEilO872mKBjrXRREAt9IoUy9XfHGIdSjkJfV4ZY9eW8NxX/89qpCi7cMYuSVNGIzAYFKUcqRtNQUJcJShQfaYKJYPqviPSxwETp6EwdgjO/8iJpVMrOWdm5PS1Vr/I4inAAR3ACDpxDFW6gBnUg8ABP8AKvxqPxbLwZ77PSgpH37MMfGB/fssyYjA==</latexit>����vi
����
2
= 1

<latexit sha1_base64="rsvz3AzaLd+H7++02Jf1NA/csmE="></latexit>2

4
|
v1
|

3

5 1p
�1

<latexit sha1_base64="qT/ssyBkxdhQJTo8MtySRd1bUKg="></latexit>

=

2

4
| |
v1 v2
| |

3

5

�1 0
0 �2

� 
� vT1 �
� vT2 �

�

<latexit sha1_base64="8ZtFi9n1HpDBSCFQWHHMYSwSuD4=">AAACWHicfVFLSwMxGMyurbb1VfXoJViEeikbEfUiFL14VOgLunXJptk2mH2YfCuUZf+k4EH/iheztQdt1YHAMDNfHhM/kUKD47xZ9lqpvL5RqdY2t7Z3dut7+z0dp4rxLotlrAY+1VyKiHdBgOSDRHEa+pL3/cebwu8/c6VFHHVglvBRSCeRCASjYCSvHgeu5AE0XQgUZRnJM1c/KchcafYYU4/k+bNHXCUmUzjBV/j/3EPnvkj/nal59YbTcubAq4QsSAMtcOfVX9xxzNKQR8Ak1XpInARGGVUgmOR5zU01Tyh7pBM+NDSiIdejbF5Mjo+NMsZBrMyKAM/V7xMZDbWehb5JhhSmetkrxN+8YQrB5SgTUZICj9jXQUEqMcS4aBmPheIM5MwQypQwd8VsSk0rYP6iKIEsP3mV9E5b5LxF7s8a7etFHRV0iI5QExF0gdroFt2hLmLoFX1YJatsvdvI3rCrX1HbWswcoB+w9z8BBHi1yQ==</latexit>

f
⇣

1p
�1
v1
⌘
= 1p

�1
vT1 Qv1

1p
�1

<latexit sha1_base64="GLJsHalfM2pllqyNDijAs8vvsD0="></latexit>

1p
�1

2

4
|
v1
|

3

5
T

<latexit sha1_base64="qg3sWMECpxe+m4MigwpNU5C5Iw4=">AAACLHicbVBNS8NAEN34bf2qevSyWARPJSuiHotePFawKjS1bDaTurjZxN2JWEJ+kBf/iiAeLOLV3+G2FvHrwcDjvRlm5oWZkhZ9f+BNTE5Nz8zOzVcWFpeWV6qra2c2zY2AlkhVai5CbkFJDS2UqOAiM8CTUMF5eH009M9vwViZ6lPsZ9BJeE/LWAqOTupWjwKMDRcFK4vA3hgsAuWGI95lZVkJQuhJXYQJRyPvSspoEFCfBqCjL/HytNKt1vy6PwL9S9iY1MgYzW71KYhSkSegUShubZv5GXYKblAKBW5vbiHj4pr3oO2o5gnYTjF6tqRbTolonBpXGulI/T5R8MTafhK6Tnfilf3tDcX/vHaO8UGnkDrLEbT4XBTnimJKh8nRSBoQqPqOcGGku5WKK+7CQ5fvMAT2++W/5Gynzvbq7GS31jgcxzFHNsgm2SaM7JMGOSZN0iKC3JNH8kIG3oP37L16b5+tE954Zp38gPf+AcNnqHg=</latexit>

1p
�1


1
0

�T <latexit sha1_base64="EPPuQPD5Wo0KJGE8Wx5mtydXCIE="></latexit>
1
0

�
1p
�1

<latexit sha1_base64="qT/ssyBkxdhQJTo8MtySRd1bUKg="></latexit>

=

2

4
| |
v1 v2
| |

3

5

�1 0
0 �2
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� vT1 �
� vT2 �

�

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="YS9WCgUSeDNb1G09iefdxVwhRsQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAh1U5Ii6kYounFZwT6giWEymbRDJ5M4MxFK6C+48VfcuFDErTt3/o2TNovaemDgcM493LnHTxiVyrJ+jKXlldW19dJGeXNre2fX3NtvyzgVmLRwzGLR9ZEkjHLSUlQx0k0EQZHPSMcfXud+55EISWN+p0YJcSPU5zSkGCkteWb10gkFwpnDdCZAnj3Oqo58EGpGObmvj8ueWbFq1gRwkdgFqYACTc/8doIYpxHhCjMkZc+2EuVmSCiKGRmXnVSSBOEh6pOephxFRLrZ5KIxPNZKAMNY6McVnKiziQxFUo4iX09GSA3kvJeL/3m9VIUXbkZ5kirC8XRRmDKoYpjXAwMqCFZspAnCguq/QjxAuiGlS8xLsOdPXiTtes0+q9m3p5XGVVFHCRyCI1AFNjgHDXADmqAFMHgCL+ANvBvPxqvxYXxOR5eMInMA/sD4+gXlYJ0J</latexit>

=
�1

(
p
�1)2

<latexit sha1_base64="CChMOnEIe1f8wmwOOyloYBOg00M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtsu3WzC7kQooT/BiwdFvPqLvPlv3LQ5aOuDgcd7M8zMC2IpDLrut1NYWV1b3yhulra2d3b3yvsHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+DbzW09cGxGpR5zE3A/pUImBYBSt9HDtlXrlilt1ZyDLxMtJBXLUe+Wvbj9iScgVMkmN6XhujH5KNQom+bTUTQyPKRvTIe9YqmjIjZ/OTp2SE6v0ySDSthSSmfp7IqWhMZMwsJ0hxZFZ9DLxP6+T4ODKT4WKE+SKzRcNEkkwItnfpC80ZygnllCmhb2VsBHVlKFNJwvBW3x5mTTPqt5F1bs/r9Ru8jiKcATHcAoeXEIN7qAODWAwhGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMytY0W</latexit>

= 1



Quadratic Form - Level Sets in 3D - (for fun)
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT
<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Definite Matrices 
(Positive or Negative) Indefinite

2D

3D

…all positive or all negative eigenvalues
Eigenvalues: two negative, one positive

…expand 1D negative eigenvector 
into an ellipse…

Eigenvalues: two negative, one positive
…expand 1D positive eigenvector 
into an ellipse…


