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Abstract

In this paper, we propose a self-supervised learning ap-

proach for estimating continuous ego-motion from video.

Our model learns to estimate camera motion by watching

RGBD or RGB video streams and determining translational

and rotation velocities that correctly predict the appear-

ance of future frames. Our approach differs from other

recent work on self-supervised structure-from-motion in its

use of a continuous motion formulation and representation

of rigid motion fields rather than direct prediction of cam-

era parameters. To make estimation robust in dynamic en-

vironments with multiple moving objects, we introduce a

simple two-component segmentation process that isolates

the rigid background environment from dynamic scene ele-

ments. We demonstrate state-of-the-art accuracy of the self-

trained model on several benchmark ego-motion datasets

and highlight the ability of the model to provide superior ro-

tational accuracy and handling of non-rigid scene motions.

1. Introduction

Supervised machine learning techniques based on deep

neural networks have shown remarkable recent progress for

image recognition and segmentation tasks. However, ap-

plication of these powerful learning methods to geomet-

ric tasks such as structure-from-motion has been some-

what slower due to a number of factors. One challenge

is that standard layers defined in convolutional neural net-

work (CNN) architectures do not offer a natural way for

researchers to incorporate hard-won insights about the al-

gebraic structure of geometric vision problems, instead re-

lying on general approximation properties of the network to

re-discover these facts from training examples. This has re-

sulted in some development of new building blocks (layers)

specialized for geometric computations that can function in-

side standard gradient-based optimization frameworks (see

e.g., [10, 11]) but interfacing these to image data is still a

t, !
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<latexit sha1_base64="GCY27jynSiwk8CAJiPAxmu1sSG0=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI4Erro7bQljCZ3LRDJw9mbsQSsnPjr7hxoeLWb3Dn3zhps9DWA8MczrmXe+9xIsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVBhLBg0WilC2HKpA8AAayFFAK5JAfUdA0xmcZn7zHqTiYXCLwwi6Pu0F3OOMopbs0k7HCYWrhr7+kgvA1E46CA+Y1C9vztLULpWtijWCOU2qOSmTHHW79NVxQxb7ECATVKl21Yqwm1CJnAlIi51YQUTZgPagrWlAfVDdZHRHau5pxTW9UOoXoDlSf3ck1FfZqrrSp9hXk14m/ue1Y/SOuwkPohghYONBXixMDM0sFNPlEhiKoSaUSa53NVmfSspQR1fUIVQnT54mjYPKScW6OizXrvM0CmSb7JJ9UiVHpEbOSZ00CCOP5Jm8kjfjyXgx3o2PcemMkfdskT8wPn8ArjeaEw==</latexit><latexit sha1_base64="GCY27jynSiwk8CAJiPAxmu1sSG0=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI4Erro7bQljCZ3LRDJw9mbsQSsnPjr7hxoeLWb3Dn3zhps9DWA8MczrmXe+9xIsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVBhLBg0WilC2HKpA8AAayFFAK5JAfUdA0xmcZn7zHqTiYXCLwwi6Pu0F3OOMopbs0k7HCYWrhr7+kgvA1E46CA+Y1C9vztLULpWtijWCOU2qOSmTHHW79NVxQxb7ECATVKl21Yqwm1CJnAlIi51YQUTZgPagrWlAfVDdZHRHau5pxTW9UOoXoDlSf3ck1FfZqrrSp9hXk14m/ue1Y/SOuwkPohghYONBXixMDM0sFNPlEhiKoSaUSa53NVmfSspQR1fUIVQnT54mjYPKScW6OizXrvM0CmSb7JJ9UiVHpEbOSZ00CCOP5Jm8kjfjyXgx3o2PcemMkfdskT8wPn8ArjeaEw==</latexit><latexit sha1_base64="GCY27jynSiwk8CAJiPAxmu1sSG0=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI4Erro7bQljCZ3LRDJw9mbsQSsnPjr7hxoeLWb3Dn3zhps9DWA8MczrmXe+9xIsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVBhLBg0WilC2HKpA8AAayFFAK5JAfUdA0xmcZn7zHqTiYXCLwwi6Pu0F3OOMopbs0k7HCYWrhr7+kgvA1E46CA+Y1C9vztLULpWtijWCOU2qOSmTHHW79NVxQxb7ECATVKl21Yqwm1CJnAlIi51YQUTZgPagrWlAfVDdZHRHau5pxTW9UOoXoDlSf3ck1FfZqrrSp9hXk14m/ue1Y/SOuwkPohghYONBXixMDM0sFNPlEhiKoSaUSa53NVmfSspQR1fUIVQnT54mjYPKScW6OizXrvM0CmSb7JJ9UiVHpEbOSZ00CCOP5Jm8kjfjyXgx3o2PcemMkfdskT8wPn8ArjeaEw==</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="LKIxyjMUYtwktx6JE8+bNCI3C1I=">AAAB+3icbVDLSgNBEOyNrxijRq+CLAbBU9j1ot4EETxpRNcEkhBmJ73JkNkHM71iWPbmxV/x4kHF//Dm3zh5HDRaMHRR1c10l59IoclxvqzCwuLS8kpxtbRWXt/YrGyV73ScKo4ej2Wsmj7TKEWEHgmS2EwUstCX2PCHZ2O/cY9Kizi6pVGCnZD1IxEIzshI3cpu249lT49CU7JLpLybtQkfKKtf3ZznebdSdWrOBPZf4s5IFWaodyuf7V7M0xAj4pJp3XKdhDoZUyS4xLzUTjUmjA9ZH1uGRixE3ckmd+T2vlF6dhAr8yKyJ+rPiYyFeryq6QwZDfS8Nxb/81opBcedTERJShjx6UdBKm2K7XEodk8o5CRHhjCuhNnV5gOmGCcTXcmE4M6f/Jd4h7WTmnPtQBF2YA8OwIUjOIULqIMHHB7hGV7hzXqyXqz3aVoFaxbbNvyC9fENCw6Ykg==</latexit><latexit sha1_base64="LKIxyjMUYtwktx6JE8+bNCI3C1I=">AAAB+3icbVDLSgNBEOyNrxijRq+CLAbBU9j1ot4EETxpRNcEkhBmJ73JkNkHM71iWPbmxV/x4kHF//Dm3zh5HDRaMHRR1c10l59IoclxvqzCwuLS8kpxtbRWXt/YrGyV73ScKo4ej2Wsmj7TKEWEHgmS2EwUstCX2PCHZ2O/cY9Kizi6pVGCnZD1IxEIzshI3cpu249lT49CU7JLpLybtQkfKKtf3ZznebdSdWrOBPZf4s5IFWaodyuf7V7M0xAj4pJp3XKdhDoZUyS4xLzUTjUmjA9ZH1uGRixE3ckmd+T2vlF6dhAr8yKyJ+rPiYyFeryq6QwZDfS8Nxb/81opBcedTERJShjx6UdBKm2K7XEodk8o5CRHhjCuhNnV5gOmGCcTXcmE4M6f/Jd4h7WTmnPtQBF2YA8OwIUjOIULqIMHHB7hGV7hzXqyXqz3aVoFaxbbNvyC9fENCw6Ykg==</latexit><latexit sha1_base64="dWASDz10SFL+nBXcup/GJlfT+w4=">AAACBnicbVDLSsNAFJ3UV62vqEtBgkVwVRI36q4ggiutj9pCG8JketsOnTyYuRFLyM6Nv+LGhYpbv8Gdf+O0zUJbDwxzOOde7r3HjwVXaNvfRmFufmFxqbhcWlldW98wN7fuVJRIBnUWiUg2fapA8BDqyFFAM5ZAA19Awx+cjvzGPUjFo/AWhzG4Ae2FvMsZRS155m7bj0RHDQP9pReAmZe2ER4wrV3enGWZZ5btij2GNUucnJRJjppnfrU7EUsCCJEJqlTLsWN0UyqRMwFZqZ0oiCkb0B60NA1pAMpNx3dk1r5WOlY3kvqFaI3V3x0pDdRoVV0ZUOyraW8k/ue1EuweuykP4wQhZJNB3URYGFmjUKwOl8BQDDWhTHK9q8X6VFKGOrqSDsGZPnmW1A8rJxX7yi5Xr/M0imSH7JED4pAjUiXnpEbqhJFH8kxeyZvxZLwY78bHpLRg5D3b5A+Mzx+s95oP</latexit><latexit sha1_base64="GCY27jynSiwk8CAJiPAxmu1sSG0=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI4Erro7bQljCZ3LRDJw9mbsQSsnPjr7hxoeLWb3Dn3zhps9DWA8MczrmXe+9xIsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVBhLBg0WilC2HKpA8AAayFFAK5JAfUdA0xmcZn7zHqTiYXCLwwi6Pu0F3OOMopbs0k7HCYWrhr7+kgvA1E46CA+Y1C9vztLULpWtijWCOU2qOSmTHHW79NVxQxb7ECATVKl21Yqwm1CJnAlIi51YQUTZgPagrWlAfVDdZHRHau5pxTW9UOoXoDlSf3ck1FfZqrrSp9hXk14m/ue1Y/SOuwkPohghYONBXixMDM0sFNPlEhiKoSaUSa53NVmfSspQR1fUIVQnT54mjYPKScW6OizXrvM0CmSb7JJ9UiVHpEbOSZ00CCOP5Jm8kjfjyXgx3o2PcemMkfdskT8wPn8ArjeaEw==</latexit><latexit sha1_base64="GCY27jynSiwk8CAJiPAxmu1sSG0=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI4Erro7bQljCZ3LRDJw9mbsQSsnPjr7hxoeLWb3Dn3zhps9DWA8MczrmXe+9xIsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVBhLBg0WilC2HKpA8AAayFFAK5JAfUdA0xmcZn7zHqTiYXCLwwi6Pu0F3OOMopbs0k7HCYWrhr7+kgvA1E46CA+Y1C9vztLULpWtijWCOU2qOSmTHHW79NVxQxb7ECATVKl21Yqwm1CJnAlIi51YQUTZgPagrWlAfVDdZHRHau5pxTW9UOoXoDlSf3ck1FfZqrrSp9hXk14m/ue1Y/SOuwkPohghYONBXixMDM0sFNPlEhiKoSaUSa53NVmfSspQR1fUIVQnT54mjYPKScW6OizXrvM0CmSb7JJ9UiVHpEbOSZ00CCOP5Jm8kjfjyXgx3o2PcemMkfdskT8wPn8ArjeaEw==</latexit><latexit sha1_base64="GCY27jynSiwk8CAJiPAxmu1sSG0=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI4Erro7bQljCZ3LRDJw9mbsQSsnPjr7hxoeLWb3Dn3zhps9DWA8MczrmXe+9xIsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVBhLBg0WilC2HKpA8AAayFFAK5JAfUdA0xmcZn7zHqTiYXCLwwi6Pu0F3OOMopbs0k7HCYWrhr7+kgvA1E46CA+Y1C9vztLULpWtijWCOU2qOSmTHHW79NVxQxb7ECATVKl21Yqwm1CJnAlIi51YQUTZgPagrWlAfVDdZHRHau5pxTW9UOoXoDlSf3ck1FfZqrrSp9hXk14m/ue1Y/SOuwkPohghYONBXixMDM0sFNPlEhiKoSaUSa53NVmfSspQR1fUIVQnT54mjYPKScW6OizXrvM0CmSb7JJ9UiVHpEbOSZ00CCOP5Jm8kjfjyXgx3o2PcemMkfdskT8wPn8ArjeaEw==</latexit><latexit sha1_base64="GCY27jynSiwk8CAJiPAxmu1sSG0=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI4Erro7bQljCZ3LRDJw9mbsQSsnPjr7hxoeLWb3Dn3zhps9DWA8MczrmXe+9xIsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVBhLBg0WilC2HKpA8AAayFFAK5JAfUdA0xmcZn7zHqTiYXCLwwi6Pu0F3OOMopbs0k7HCYWrhr7+kgvA1E46CA+Y1C9vztLULpWtijWCOU2qOSmTHHW79NVxQxb7ECATVKl21Yqwm1CJnAlIi51YQUTZgPagrWlAfVDdZHRHau5pxTW9UOoXoDlSf3ck1FfZqrrSp9hXk14m/ue1Y/SOuwkPohghYONBXixMDM0sFNPlEhiKoSaUSa53NVmfSspQR1fUIVQnT54mjYPKScW6OizXrvM0CmSb7JJ9UiVHpEbOSZ00CCOP5Jm8kjfjyXgx3o2PcemMkfdskT8wPn8ArjeaEw==</latexit><latexit sha1_base64="GCY27jynSiwk8CAJiPAxmu1sSG0=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI4Erro7bQljCZ3LRDJw9mbsQSsnPjr7hxoeLWb3Dn3zhps9DWA8MczrmXe+9xIsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVBhLBg0WilC2HKpA8AAayFFAK5JAfUdA0xmcZn7zHqTiYXCLwwi6Pu0F3OOMopbs0k7HCYWrhr7+kgvA1E46CA+Y1C9vztLULpWtijWCOU2qOSmTHHW79NVxQxb7ECATVKl21Yqwm1CJnAlIi51YQUTZgPagrWlAfVDdZHRHau5pxTW9UOoXoDlSf3ck1FfZqrrSp9hXk14m/ue1Y/SOuwkPohghYONBXixMDM0sFNPlEhiKoSaUSa53NVmfSspQR1fUIVQnT54mjYPKScW6OizXrvM0CmSb7JJ9UiVHpEbOSZ00CCOP5Jm8kjfjyXgx3o2PcemMkfdskT8wPn8ArjeaEw==</latexit>

LCAM
<latexit sha1_base64="VorPgvUbcrNd3naL8PCRGpRiMXU=">AAACAHicbVBNS8NAEN34WetX1IvgJVgETyURQb1VevGgUMXYQhPCZrtpl24+2J2IJcSLf8WLBxWv/gxv/hs3bQ7a+mDg8d4MM/P8hDMJpvmtzc0vLC4tV1aqq2vrG5v61vadjFNBqE1iHouOjyXlLKI2MOC0kwiKQ5/Ttj9sFn77ngrJ4ugWRgl1Q9yPWMAIBiV5+q4TYhgQzLPL3MscoA+QNc+v8tzTa2bdHMOYJVZJaqhEy9O/nF5M0pBGQDiWsmuZCbgZFsAIp3nVSSVNMBniPu0qGuGQSjcbf5AbB0rpGUEsVEVgjNXfExkOpRyFvuos7pXTXiH+53VTCE7djEVJCjQik0VByg2IjSIOo8cEJcBHimAimLrVIAMsMAEVWlWFYE2/PEvso/pZ3bw+rjVuyjQqaA/to0NkoRPUQBeohWxE0CN6Rq/oTXvSXrR37WPSOqeVMzvoD7TPH5Walzk=</latexit><latexit sha1_base64="VorPgvUbcrNd3naL8PCRGpRiMXU=">AAACAHicbVBNS8NAEN34WetX1IvgJVgETyURQb1VevGgUMXYQhPCZrtpl24+2J2IJcSLf8WLBxWv/gxv/hs3bQ7a+mDg8d4MM/P8hDMJpvmtzc0vLC4tV1aqq2vrG5v61vadjFNBqE1iHouOjyXlLKI2MOC0kwiKQ5/Ttj9sFn77ngrJ4ugWRgl1Q9yPWMAIBiV5+q4TYhgQzLPL3MscoA+QNc+v8tzTa2bdHMOYJVZJaqhEy9O/nF5M0pBGQDiWsmuZCbgZFsAIp3nVSSVNMBniPu0qGuGQSjcbf5AbB0rpGUEsVEVgjNXfExkOpRyFvuos7pXTXiH+53VTCE7djEVJCjQik0VByg2IjSIOo8cEJcBHimAimLrVIAMsMAEVWlWFYE2/PEvso/pZ3bw+rjVuyjQqaA/to0NkoRPUQBeohWxE0CN6Rq/oTXvSXrR37WPSOqeVMzvoD7TPH5Walzk=</latexit><latexit sha1_base64="VorPgvUbcrNd3naL8PCRGpRiMXU=">AAACAHicbVBNS8NAEN34WetX1IvgJVgETyURQb1VevGgUMXYQhPCZrtpl24+2J2IJcSLf8WLBxWv/gxv/hs3bQ7a+mDg8d4MM/P8hDMJpvmtzc0vLC4tV1aqq2vrG5v61vadjFNBqE1iHouOjyXlLKI2MOC0kwiKQ5/Ttj9sFn77ngrJ4ugWRgl1Q9yPWMAIBiV5+q4TYhgQzLPL3MscoA+QNc+v8tzTa2bdHMOYJVZJaqhEy9O/nF5M0pBGQDiWsmuZCbgZFsAIp3nVSSVNMBniPu0qGuGQSjcbf5AbB0rpGUEsVEVgjNXfExkOpRyFvuos7pXTXiH+53VTCE7djEVJCjQik0VByg2IjSIOo8cEJcBHimAimLrVIAMsMAEVWlWFYE2/PEvso/pZ3bw+rjVuyjQqaA/to0NkoRPUQBeohWxE0CN6Rq/oTXvSXrR37WPSOqeVMzvoD7TPH5Walzk=</latexit>

t, !
<latexit sha1_base64="RBQy8qxdzw6GINtHz2QTMdaA5JI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8SNiIoN4CXjxGcU0wWcLspDcZMo9lZlYIS/7CiwcVr36ON//G2WQPmljQUFR1090VJZwZ6/vf3tLyyuraemmjvLm1vbNb2dt/MCrVFAKquNLtiBjgTEJgmeXQTjQQEXFoRaPr3G89gTZMyXs7TiAUZCBZzCixTnq0p7irBAxIuVep+jV/CrxI6gWpogLNXuWr21c0FSAt5cSYTt1PbJgRbRnlMCl3UwMJoSMygI6jkggwYTa9eIKPndLHsdKupMVT9fdERoQxYxG5TkHs0Mx7ufif10ltfBlmTCapBUlni+KUY6tw/j7uMw3U8rEjhGrmbsV0SDSh1oWUh1Cff3mRBGe1q5p/e15t3BVplNAhOkInqI4uUAPdoCYKEEUSPaNX9OYZ78V79z5mrUteMXOA/sD7/AHPCY/w</latexit><latexit sha1_base64="RBQy8qxdzw6GINtHz2QTMdaA5JI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8SNiIoN4CXjxGcU0wWcLspDcZMo9lZlYIS/7CiwcVr36ON//G2WQPmljQUFR1090VJZwZ6/vf3tLyyuraemmjvLm1vbNb2dt/MCrVFAKquNLtiBjgTEJgmeXQTjQQEXFoRaPr3G89gTZMyXs7TiAUZCBZzCixTnq0p7irBAxIuVep+jV/CrxI6gWpogLNXuWr21c0FSAt5cSYTt1PbJgRbRnlMCl3UwMJoSMygI6jkggwYTa9eIKPndLHsdKupMVT9fdERoQxYxG5TkHs0Mx7ufif10ltfBlmTCapBUlni+KUY6tw/j7uMw3U8rEjhGrmbsV0SDSh1oWUh1Cff3mRBGe1q5p/e15t3BVplNAhOkInqI4uUAPdoCYKEEUSPaNX9OYZ78V79z5mrUteMXOA/sD7/AHPCY/w</latexit><latexit sha1_base64="RBQy8qxdzw6GINtHz2QTMdaA5JI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8SNiIoN4CXjxGcU0wWcLspDcZMo9lZlYIS/7CiwcVr36ON//G2WQPmljQUFR1090VJZwZ6/vf3tLyyuraemmjvLm1vbNb2dt/MCrVFAKquNLtiBjgTEJgmeXQTjQQEXFoRaPr3G89gTZMyXs7TiAUZCBZzCixTnq0p7irBAxIuVep+jV/CrxI6gWpogLNXuWr21c0FSAt5cSYTt1PbJgRbRnlMCl3UwMJoSMygI6jkggwYTa9eIKPndLHsdKupMVT9fdERoQxYxG5TkHs0Mx7ufif10ltfBlmTCapBUlni+KUY6tw/j7uMw3U8rEjhGrmbsV0SDSh1oWUh1Cff3mRBGe1q5p/e15t3BVplNAhOkInqI4uUAPdoCYKEEUSPaNX9OYZ78V79z5mrUteMXOA/sD7/AHPCY/w</latexit>

NetOF
<latexit sha1_base64="LxA30ier+uOYLXCC3nGx7EdqP5c=">AAACBXicbVBNS8NAEN3Ur1q/oh5FCBbBU0lFUG8FQTxpFWMLbSmb7aRduvlgdyKWkJMX/4oXDype/Q/e/Ddu2hy09cGyj/dmmJnnRoIrtO1vozA3v7C4VFwurayurW+Ym1t3KowlA4eFIpRNlyoQPAAHOQpoRhKo7wpouMOzzG/cg1Q8DG5xFEHHp/2Ae5xR1FLX3G27oeipka+/5BIw7SZthAdMrs7TtNQ1y3bFHsOaJdWclEmOetf8avdCFvsQIBNUqVbVjrCTUImcCUhL7VhBRNmQ9qGlaUB9UJ1kfEZq7WulZ3mh1C9Aa6z+7kior7JNdaVPcaCmvUz8z2vF6J10Eh5EMULAJoO8WFgYWlkmVo9LYChGmlAmud7VYgMqKUOdXBZCdfrkWeIcVk4r9vVRuXaTp1EkO2SPHJAqOSY1ckHqxCGMPJJn8krejCfjxXg3PialBSPv2SZ/YHz+AJe3mXE=</latexit><latexit sha1_base64="LxA30ier+uOYLXCC3nGx7EdqP5c=">AAACBXicbVBNS8NAEN3Ur1q/oh5FCBbBU0lFUG8FQTxpFWMLbSmb7aRduvlgdyKWkJMX/4oXDype/Q/e/Ddu2hy09cGyj/dmmJnnRoIrtO1vozA3v7C4VFwurayurW+Ym1t3KowlA4eFIpRNlyoQPAAHOQpoRhKo7wpouMOzzG/cg1Q8DG5xFEHHp/2Ae5xR1FLX3G27oeipka+/5BIw7SZthAdMrs7TtNQ1y3bFHsOaJdWclEmOetf8avdCFvsQIBNUqVbVjrCTUImcCUhL7VhBRNmQ9qGlaUB9UJ1kfEZq7WulZ3mh1C9Aa6z+7kior7JNdaVPcaCmvUz8z2vF6J10Eh5EMULAJoO8WFgYWlkmVo9LYChGmlAmud7VYgMqKUOdXBZCdfrkWeIcVk4r9vVRuXaTp1EkO2SPHJAqOSY1ckHqxCGMPJJn8krejCfjxXg3PialBSPv2SZ/YHz+AJe3mXE=</latexit><latexit sha1_base64="LxA30ier+uOYLXCC3nGx7EdqP5c=">AAACBXicbVBNS8NAEN3Ur1q/oh5FCBbBU0lFUG8FQTxpFWMLbSmb7aRduvlgdyKWkJMX/4oXDype/Q/e/Ddu2hy09cGyj/dmmJnnRoIrtO1vozA3v7C4VFwurayurW+Ym1t3KowlA4eFIpRNlyoQPAAHOQpoRhKo7wpouMOzzG/cg1Q8DG5xFEHHp/2Ae5xR1FLX3G27oeipka+/5BIw7SZthAdMrs7TtNQ1y3bFHsOaJdWclEmOetf8avdCFvsQIBNUqVbVjrCTUImcCUhL7VhBRNmQ9qGlaUB9UJ1kfEZq7WulZ3mh1C9Aa6z+7kior7JNdaVPcaCmvUz8z2vF6J10Eh5EMULAJoO8WFgYWlkmVo9LYChGmlAmud7VYgMqKUOdXBZCdfrkWeIcVk4r9vVRuXaTp1EkO2SPHJAqOSY1ckHqxCGMPJJn8krejCfjxXg3PialBSPv2SZ/YHz+AJe3mXE=</latexit>

t, !

LOF
<latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="LsqvInU5GZN+EOlyOWyEDMoUULA=">AAAB9HicbZDNSsNAFIVv/K21anTjwk2wCK5K4kbdCYK4EKxgbKEJYTKdtEMnP8zciCVk46u4caHis7jzbZy0XWjrgYGPc2aYe0+YCa7Qtr+NpeWV1bX12kZ9s7G1vWPuNh5UmkvKXJqKVHZDopjgCXORo2DdTDISh4J1wtFllXcemVQ8Te5xnDE/JoOER5wS1FZg7nsxwSElorgpg8JD9oTF7VVZBmbTbtkTWYvgzKAJM7UD88vrpzSPWYJUEKV6jp2hXxCJnApW1r1csYzQERmwnsaExEz5xWSB0jrSTt+KUqlPgtbE/f2iILFS4zjUN6tx1XxWmf9lvRyjM7/gSZYjS+j0oygXFqZW1YbV55JRFGMNhEquZ7XokEhCUXdW1yU48ysvgnvSOm/ZdzbU4AAO4RgcOIULuIY2uEChhBd4g3fj2Xg1PqZtLRmz2vbgj4zPH4q+lXk=</latexit><latexit sha1_base64="LsqvInU5GZN+EOlyOWyEDMoUULA=">AAAB9HicbZDNSsNAFIVv/K21anTjwk2wCK5K4kbdCYK4EKxgbKEJYTKdtEMnP8zciCVk46u4caHis7jzbZy0XWjrgYGPc2aYe0+YCa7Qtr+NpeWV1bX12kZ9s7G1vWPuNh5UmkvKXJqKVHZDopjgCXORo2DdTDISh4J1wtFllXcemVQ8Te5xnDE/JoOER5wS1FZg7nsxwSElorgpg8JD9oTF7VVZBmbTbtkTWYvgzKAJM7UD88vrpzSPWYJUEKV6jp2hXxCJnApW1r1csYzQERmwnsaExEz5xWSB0jrSTt+KUqlPgtbE/f2iILFS4zjUN6tx1XxWmf9lvRyjM7/gSZYjS+j0oygXFqZW1YbV55JRFGMNhEquZ7XokEhCUXdW1yU48ysvgnvSOm/ZdzbU4AAO4RgcOIULuIY2uEChhBd4g3fj2Xg1PqZtLRmz2vbgj4zPH4q+lXk=</latexit><latexit sha1_base64="Zla5I6Qg36GTmgWY6zQTo/nsFdU=">AAAB/3icbVBNS8NAEN3Ur1q/oh48eAkWwVNJvai3giAeBKsYW2hC2Gw37dLNJuxOxBJy8a948aDi1b/hzX/jps1BWx8MPN6bYWZekHCmwLa/jcrC4tLySnW1tra+sbllbu/cqziVhDok5rHsBlhRzgR1gAGn3URSHAWcdoLReeF3HqhULBZ3ME6oF+GBYCEjGLTkm3tuhGFIMM+ucj9zgT5Cdn2R575Ztxv2BNY8aZakjkq0ffPL7cckjagAwrFSvaadgJdhCYxwmtfcVNEEkxEe0J6mAkdUednkgdw61ErfCmOpS4A1UX9PZDhSahwFurM4V816hfif10shPPUyJpIUqCDTRWHKLYitIg2rzyQlwMeaYCKZvtUiQywxAZ1ZTYfQnH15njjHjbOGfWPXW7dlGlW0jw7QEWqiE9RCl6iNHERQjp7RK3oznowX4934mLZWjHJmF/2B8fkDC5iW7w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit>

LMF
<latexit sha1_base64="aJenhp9tMH3fQRLNMU9984HYD/8=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHhSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPCcyW8Q==</latexit><latexit sha1_base64="aJenhp9tMH3fQRLNMU9984HYD/8=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHhSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPCcyW8Q==</latexit><latexit sha1_base64="aJenhp9tMH3fQRLNMU9984HYD/8=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHhSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPCcyW8Q==</latexit>

NetSEG
<latexit sha1_base64="YdBulJoaAetWS9ykGwG2a/U2fDI=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI6Erqo7bQhDCZ3LZDJw9mbsQSsnPjr7hxoeLWb3Dn3zhpu9DWA8MczrmXe+/xYsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVJRIBg0WiUi2PKpA8BAayFFAK5ZAA09A0+uf5n7zHqTiUXiLgxicgHZD3uGMopbc0o7tRcJXg0B/6SVg5qY2wgOmN2fnWVZ0S2WrYg1hTpPqmJTJGHW39GX7EUsCCJEJqlS7asXopFQiZwKyop0oiCnr0y60NQ1pAMpJh3dk5p5WfLMTSf1CNIfq746UBipfVVcGFHtq0svF/7x2gp1jJ+VhnCCEbDSokwgTIzMPxfS5BIZioAllkutdTdajkjLU0eUhVCdPniaNg8pJxbo6LNeux2kUyDbZJfukSo5IjVyQOmkQRh7JM3klb8aT8WK8Gx+j0hlj3LNF/sD4/AE4gJnF</latexit><latexit sha1_base64="YdBulJoaAetWS9ykGwG2a/U2fDI=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI6Erqo7bQhDCZ3LZDJw9mbsQSsnPjr7hxoeLWb3Dn3zhpu9DWA8MczrmXe+/xYsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVJRIBg0WiUi2PKpA8BAayFFAK5ZAA09A0+uf5n7zHqTiUXiLgxicgHZD3uGMopbc0o7tRcJXg0B/6SVg5qY2wgOmN2fnWVZ0S2WrYg1hTpPqmJTJGHW39GX7EUsCCJEJqlS7asXopFQiZwKyop0oiCnr0y60NQ1pAMpJh3dk5p5WfLMTSf1CNIfq746UBipfVVcGFHtq0svF/7x2gp1jJ+VhnCCEbDSokwgTIzMPxfS5BIZioAllkutdTdajkjLU0eUhVCdPniaNg8pJxbo6LNeux2kUyDbZJfukSo5IjVyQOmkQRh7JM3klb8aT8WK8Gx+j0hlj3LNF/sD4/AE4gJnF</latexit><latexit sha1_base64="YdBulJoaAetWS9ykGwG2a/U2fDI=">AAACBnicbVDLSsNAFJ34rPVVdSlIsAiuSiqCuiuI6Erqo7bQhDCZ3LZDJw9mbsQSsnPjr7hxoeLWb3Dn3zhpu9DWA8MczrmXe+/xYsEVWta3MTM7N7+wWFgqLq+srq2XNjbvVJRIBg0WiUi2PKpA8BAayFFAK5ZAA09A0+uf5n7zHqTiUXiLgxicgHZD3uGMopbc0o7tRcJXg0B/6SVg5qY2wgOmN2fnWVZ0S2WrYg1hTpPqmJTJGHW39GX7EUsCCJEJqlS7asXopFQiZwKyop0oiCnr0y60NQ1pAMpJh3dk5p5WfLMTSf1CNIfq746UBipfVVcGFHtq0svF/7x2gp1jJ+VhnCCEbDSokwgTIzMPxfS5BIZioAllkutdTdajkjLU0eUhVCdPniaNg8pJxbo6LNeux2kUyDbZJfukSo5IjVyQOmkQRh7JM3klb8aT8WK8Gx+j0hlj3LNF/sD4/AE4gJnF</latexit>

Optical 

Flow

Segment 

Dynamic

Segment 

Static

NetOF t, !
<latexit sha1_base64="RBQy8qxdzw6GINtHz2QTMdaA5JI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8SNiIoN4CXjxGcU0wWcLspDcZMo9lZlYIS/7CiwcVr36ON//G2WQPmljQUFR1090VJZwZ6/vf3tLyyuraemmjvLm1vbNb2dt/MCrVFAKquNLtiBjgTEJgmeXQTjQQEXFoRaPr3G89gTZMyXs7TiAUZCBZzCixTnq0p7irBAxIuVep+jV/CrxI6gWpogLNXuWr21c0FSAt5cSYTt1PbJgRbRnlMCl3UwMJoSMygI6jkggwYTa9eIKPndLHsdKupMVT9fdERoQxYxG5TkHs0Mx7ufif10ltfBlmTCapBUlni+KUY6tw/j7uMw3U8rEjhGrmbsV0SDSh1oWUh1Cff3mRBGe1q5p/e15t3BVplNAhOkInqI4uUAPdoCYKEEUSPaNX9OYZ78V79z5mrUteMXOA/sD7/AHPCY/w</latexit><latexit sha1_base64="RBQy8qxdzw6GINtHz2QTMdaA5JI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8SNiIoN4CXjxGcU0wWcLspDcZMo9lZlYIS/7CiwcVr36ON//G2WQPmljQUFR1090VJZwZ6/vf3tLyyuraemmjvLm1vbNb2dt/MCrVFAKquNLtiBjgTEJgmeXQTjQQEXFoRaPr3G89gTZMyXs7TiAUZCBZzCixTnq0p7irBAxIuVep+jV/CrxI6gWpogLNXuWr21c0FSAt5cSYTt1PbJgRbRnlMCl3UwMJoSMygI6jkggwYTa9eIKPndLHsdKupMVT9fdERoQxYxG5TkHs0Mx7ufif10ltfBlmTCapBUlni+KUY6tw/j7uMw3U8rEjhGrmbsV0SDSh1oWUh1Cff3mRBGe1q5p/e15t3BVplNAhOkInqI4uUAPdoCYKEEUSPaNX9OYZ78V79z5mrUteMXOA/sD7/AHPCY/w</latexit><latexit sha1_base64="RBQy8qxdzw6GINtHz2QTMdaA5JI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8SNiIoN4CXjxGcU0wWcLspDcZMo9lZlYIS/7CiwcVr36ON//G2WQPmljQUFR1090VJZwZ6/vf3tLyyuraemmjvLm1vbNb2dt/MCrVFAKquNLtiBjgTEJgmeXQTjQQEXFoRaPr3G89gTZMyXs7TiAUZCBZzCixTnq0p7irBAxIuVep+jV/CrxI6gWpogLNXuWr21c0FSAt5cSYTt1PbJgRbRnlMCl3UwMJoSMygI6jkggwYTa9eIKPndLHsdKupMVT9fdERoQxYxG5TkHs0Mx7ufif10ltfBlmTCapBUlni+KUY6tw/j7uMw3U8rEjhGrmbsV0SDSh1oWUh1Cff3mRBGe1q5p/e15t3BVplNAhOkInqI4uUAPdoCYKEEUSPaNX9OYZ78V79z5mrUteMXOA/sD7/AHPCY/w</latexit>

LOF
<latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="LsqvInU5GZN+EOlyOWyEDMoUULA=">AAAB9HicbZDNSsNAFIVv/K21anTjwk2wCK5K4kbdCYK4EKxgbKEJYTKdtEMnP8zciCVk46u4caHis7jzbZy0XWjrgYGPc2aYe0+YCa7Qtr+NpeWV1bX12kZ9s7G1vWPuNh5UmkvKXJqKVHZDopjgCXORo2DdTDISh4J1wtFllXcemVQ8Te5xnDE/JoOER5wS1FZg7nsxwSElorgpg8JD9oTF7VVZBmbTbtkTWYvgzKAJM7UD88vrpzSPWYJUEKV6jp2hXxCJnApW1r1csYzQERmwnsaExEz5xWSB0jrSTt+KUqlPgtbE/f2iILFS4zjUN6tx1XxWmf9lvRyjM7/gSZYjS+j0oygXFqZW1YbV55JRFGMNhEquZ7XokEhCUXdW1yU48ysvgnvSOm/ZdzbU4AAO4RgcOIULuIY2uEChhBd4g3fj2Xg1PqZtLRmz2vbgj4zPH4q+lXk=</latexit><latexit sha1_base64="LsqvInU5GZN+EOlyOWyEDMoUULA=">AAAB9HicbZDNSsNAFIVv/K21anTjwk2wCK5K4kbdCYK4EKxgbKEJYTKdtEMnP8zciCVk46u4caHis7jzbZy0XWjrgYGPc2aYe0+YCa7Qtr+NpeWV1bX12kZ9s7G1vWPuNh5UmkvKXJqKVHZDopjgCXORo2DdTDISh4J1wtFllXcemVQ8Te5xnDE/JoOER5wS1FZg7nsxwSElorgpg8JD9oTF7VVZBmbTbtkTWYvgzKAJM7UD88vrpzSPWYJUEKV6jp2hXxCJnApW1r1csYzQERmwnsaExEz5xWSB0jrSTt+KUqlPgtbE/f2iILFS4zjUN6tx1XxWmf9lvRyjM7/gSZYjS+j0oygXFqZW1YbV55JRFGMNhEquZ7XokEhCUXdW1yU48ysvgnvSOm/ZdzbU4AAO4RgcOIULuIY2uEChhBd4g3fj2Xg1PqZtLRmz2vbgj4zPH4q+lXk=</latexit><latexit sha1_base64="Zla5I6Qg36GTmgWY6zQTo/nsFdU=">AAAB/3icbVBNS8NAEN3Ur1q/oh48eAkWwVNJvai3giAeBKsYW2hC2Gw37dLNJuxOxBJy8a948aDi1b/hzX/jps1BWx8MPN6bYWZekHCmwLa/jcrC4tLySnW1tra+sbllbu/cqziVhDok5rHsBlhRzgR1gAGn3URSHAWcdoLReeF3HqhULBZ3ME6oF+GBYCEjGLTkm3tuhGFIMM+ucj9zgT5Cdn2R575Ztxv2BNY8aZakjkq0ffPL7cckjagAwrFSvaadgJdhCYxwmtfcVNEEkxEe0J6mAkdUednkgdw61ErfCmOpS4A1UX9PZDhSahwFurM4V816hfif10shPPUyJpIUqCDTRWHKLYitIg2rzyQlwMeaYCKZvtUiQywxAZ1ZTYfQnH15njjHjbOGfWPXW7dlGlW0jw7QEWqiE9RCl6iNHERQjp7RK3oznowX4934mLZWjHJmF/2B8fkDC5iW7w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit><latexit sha1_base64="frG+v+jrkPPNNHpctUUF4lpCwAU=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHwSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPDNiW8w==</latexit>

LMF
<latexit sha1_base64="aJenhp9tMH3fQRLNMU9984HYD/8=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHhSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPCcyW8Q==</latexit><latexit sha1_base64="aJenhp9tMH3fQRLNMU9984HYD/8=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHhSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPCcyW8Q==</latexit><latexit sha1_base64="aJenhp9tMH3fQRLNMU9984HYD/8=">AAAB/3icbVBNS8NAEN34WetX1IMHL8EieCqpCOqtIIgHhSrGFpoQNttNu3SzCbsTsYRc/CtePKh49W9489+4aXPQ1gcDj/dmmJkXJJwpsO1vY25+YXFpubJSXV1b39g0t7bvVZxKQh0S81h2AqwoZ4I6wIDTTiIpjgJO28HwvPDbD1QqFos7GCXUi3BfsJARDFryzV03wjAgmGdXuZ+5QB8hu77Ic9+s2XV7DGuWNEpSQyVavvnl9mKSRlQA4VipbsNOwMuwBEY4zatuqmiCyRD3aVdTgSOqvGz8QG4daKVnhbHUJcAaq78nMhwpNYoC3Vmcq6a9QvzP66YQnnoZE0kKVJDJojDlFsRWkYbVY5IS4CNNMJFM32qRAZaYgM6sqkNoTL88S5yj+lndvjmuNW/LNCpoD+2jQ9RAJ6iJLlELOYigHD2jV/RmPBkvxrvxMWmdM8qZHfQHxucPCcyW8Q==</latexit>

Optical 

Flow

⊕
<latexit sha1_base64="05XwYD1Y9Sbl1aN+dMGJlXA6SPw=">AAAB+3icbVBPS8MwHP11/pvzX3VHL8UheBqdCOpt4MXjFKuDtYw0TbewNClJKpQyv4oXDype/SLe/DamWw+6+SDk8d7vR15emDKqtOt+W7WV1bX1jfpmY2t7Z3fP3j+4VyKTmHhYMCH7IVKEUU48TTUj/VQSlISMPISTq9J/eCRSUcHvdJ6SIEEjTmOKkTbS0G76oWCRyhNzFb5IWaamQ7vltt0ZnGXSqUgLKvSG9pcfCZwlhGvMkFKDjpvqoEBSU8zItOFniqQIT9CIDAzlKCEqKGbhp86xUSInFtIcrp2Z+nujQIkq85nJBOmxWvRK8T9vkOn4IigoTzNNOJ4/FGfM0cIpm3AiKgnWLDcEYUlNVgePkURYm74apoTO4peXiXfavmy7N2et7m3VRh0O4QhOoAPn0IVr6IEHGHJ4hld4s56sF+vd+piP1qxqpwl/YH3+ADwylWY=</latexit><latexit sha1_base64="05XwYD1Y9Sbl1aN+dMGJlXA6SPw=">AAAB+3icbVBPS8MwHP11/pvzX3VHL8UheBqdCOpt4MXjFKuDtYw0TbewNClJKpQyv4oXDype/SLe/DamWw+6+SDk8d7vR15emDKqtOt+W7WV1bX1jfpmY2t7Z3fP3j+4VyKTmHhYMCH7IVKEUU48TTUj/VQSlISMPISTq9J/eCRSUcHvdJ6SIEEjTmOKkTbS0G76oWCRyhNzFb5IWaamQ7vltt0ZnGXSqUgLKvSG9pcfCZwlhGvMkFKDjpvqoEBSU8zItOFniqQIT9CIDAzlKCEqKGbhp86xUSInFtIcrp2Z+nujQIkq85nJBOmxWvRK8T9vkOn4IigoTzNNOJ4/FGfM0cIpm3AiKgnWLDcEYUlNVgePkURYm74apoTO4peXiXfavmy7N2et7m3VRh0O4QhOoAPn0IVr6IEHGHJ4hld4s56sF+vd+piP1qxqpwl/YH3+ADwylWY=</latexit><latexit sha1_base64="05XwYD1Y9Sbl1aN+dMGJlXA6SPw=">AAAB+3icbVBPS8MwHP11/pvzX3VHL8UheBqdCOpt4MXjFKuDtYw0TbewNClJKpQyv4oXDype/SLe/DamWw+6+SDk8d7vR15emDKqtOt+W7WV1bX1jfpmY2t7Z3fP3j+4VyKTmHhYMCH7IVKEUU48TTUj/VQSlISMPISTq9J/eCRSUcHvdJ6SIEEjTmOKkTbS0G76oWCRyhNzFb5IWaamQ7vltt0ZnGXSqUgLKvSG9pcfCZwlhGvMkFKDjpvqoEBSU8zItOFniqQIT9CIDAzlKCEqKGbhp86xUSInFtIcrp2Z+nujQIkq85nJBOmxWvRK8T9vkOn4IigoTzNNOJ4/FGfM0cIpm3AiKgnWLDcEYUlNVgePkURYm74apoTO4peXiXfavmy7N2et7m3VRh0O4QhOoAPn0IVr6IEHGHJ4hld4s56sF+vd+piP1qxqpwl/YH3+ADwylWY=</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="P8CMjAvMM8cslekw6GIPQGUdljo=">AAAB8HicbVBPS8MwHP3Vv3NOrXr0EhyCp9F6UW+CF48TrBusZaRpuoWlSUlSoZT5Vbx4UPHTePPbmG476OaDH3m8l5D3e3HOmTae9+2srW9sbm03dpq7rb39A/ew9ahloQgNiORS9WOsKWeCBoYZTvu5ojiLOe3Fk9va7z1RpZkUD6bMaZThkWApI9hYaegeh7HkiS4ze1ShzHmhp0O37XW8GdAq8RekDQt0h+5XmEhSZFQYwrHWA9/LTVRhZRjhdNoMC01zTCZ4RAeWCpxRHVWz8FN0ZpUEpVLZEQbN1N8vKpzpOp+9mWEz1steLf7nDQqTXkUVE3lhqCDzj9KCIyNR3QRKmKLE8NISTBSzWREZY4WJsX01bQn+8sqrJLjoXHe8ew8acAKncA4+XMIN3EEXAiBQwgu8wbvz7Lw6H/O21pxFbUfwB87nD8pvk/A=</latexit><latexit sha1_base64="P8CMjAvMM8cslekw6GIPQGUdljo=">AAAB8HicbVBPS8MwHP3Vv3NOrXr0EhyCp9F6UW+CF48TrBusZaRpuoWlSUlSoZT5Vbx4UPHTePPbmG476OaDH3m8l5D3e3HOmTae9+2srW9sbm03dpq7rb39A/ew9ahloQgNiORS9WOsKWeCBoYZTvu5ojiLOe3Fk9va7z1RpZkUD6bMaZThkWApI9hYaegeh7HkiS4ze1ShzHmhp0O37XW8GdAq8RekDQt0h+5XmEhSZFQYwrHWA9/LTVRhZRjhdNoMC01zTCZ4RAeWCpxRHVWz8FN0ZpUEpVLZEQbN1N8vKpzpOp+9mWEz1steLf7nDQqTXkUVE3lhqCDzj9KCIyNR3QRKmKLE8NISTBSzWREZY4WJsX01bQn+8sqrJLjoXHe8ew8acAKncA4+XMIN3EEXAiBQwgu8wbvz7Lw6H/O21pxFbUfwB87nD8pvk/A=</latexit><latexit sha1_base64="CpWigarZYpe4zYfUVa/QZkgNsJg=">AAAB+3icbVC9TsMwGPxS/kr5C3RksaiQmKqEBdgqsTAWRGilJqocx2mtOnFkO0hVVF6FhQEQKy/CxtvgtBmg5STLp7vvk88XZpwp7TjfVm1tfWNzq77d2Nnd2z+wD48elMgloR4RXMh+iBXlLKWeZprTfiYpTkJOe+HkuvR7j1QqJtJ7Pc1okOBRymJGsDbS0G76oeCRmibmKnyR8VzNhnbLaTtzoFXiVqQFFbpD+8uPBMkTmmrCsVID18l0UGCpGeF01vBzRTNMJnhEB4amOKEqKObhZ+jUKBGKhTQn1Wiu/t4ocKLKfGYywXqslr1S/M8b5Dq+DAqWZrmmKVk8FOccaYHKJlDEJCWaTw3BRDKTFZExlpho01fDlOAuf3mVeOftq7Zz67Q6d1UbdTiGEzgDFy6gAzfQBQ8ITOEZXuHNerJerHfrYzFas6qdJvyB9fkDOvKVYg==</latexit><latexit sha1_base64="05XwYD1Y9Sbl1aN+dMGJlXA6SPw=">AAAB+3icbVBPS8MwHP11/pvzX3VHL8UheBqdCOpt4MXjFKuDtYw0TbewNClJKpQyv4oXDype/SLe/DamWw+6+SDk8d7vR15emDKqtOt+W7WV1bX1jfpmY2t7Z3fP3j+4VyKTmHhYMCH7IVKEUU48TTUj/VQSlISMPISTq9J/eCRSUcHvdJ6SIEEjTmOKkTbS0G76oWCRyhNzFb5IWaamQ7vltt0ZnGXSqUgLKvSG9pcfCZwlhGvMkFKDjpvqoEBSU8zItOFniqQIT9CIDAzlKCEqKGbhp86xUSInFtIcrp2Z+nujQIkq85nJBOmxWvRK8T9vkOn4IigoTzNNOJ4/FGfM0cIpm3AiKgnWLDcEYUlNVgePkURYm74apoTO4peXiXfavmy7N2et7m3VRh0O4QhOoAPn0IVr6IEHGHJ4hld4s56sF+vd+piP1qxqpwl/YH3+ADwylWY=</latexit><latexit sha1_base64="05XwYD1Y9Sbl1aN+dMGJlXA6SPw=">AAAB+3icbVBPS8MwHP11/pvzX3VHL8UheBqdCOpt4MXjFKuDtYw0TbewNClJKpQyv4oXDype/SLe/DamWw+6+SDk8d7vR15emDKqtOt+W7WV1bX1jfpmY2t7Z3fP3j+4VyKTmHhYMCH7IVKEUU48TTUj/VQSlISMPISTq9J/eCRSUcHvdJ6SIEEjTmOKkTbS0G76oWCRyhNzFb5IWaamQ7vltt0ZnGXSqUgLKvSG9pcfCZwlhGvMkFKDjpvqoEBSU8zItOFniqQIT9CIDAzlKCEqKGbhp86xUSInFtIcrp2Z+nujQIkq85nJBOmxWvRK8T9vkOn4IigoTzNNOJ4/FGfM0cIpm3AiKgnWLDcEYUlNVgePkURYm74apoTO4peXiXfavmy7N2et7m3VRh0O4QhOoAPn0IVr6IEHGHJ4hld4s56sF+vd+piP1qxqpwl/YH3+ADwylWY=</latexit><latexit sha1_base64="05XwYD1Y9Sbl1aN+dMGJlXA6SPw=">AAAB+3icbVBPS8MwHP11/pvzX3VHL8UheBqdCOpt4MXjFKuDtYw0TbewNClJKpQyv4oXDype/SLe/DamWw+6+SDk8d7vR15emDKqtOt+W7WV1bX1jfpmY2t7Z3fP3j+4VyKTmHhYMCH7IVKEUU48TTUj/VQSlISMPISTq9J/eCRSUcHvdJ6SIEEjTmOKkTbS0G76oWCRyhNzFb5IWaamQ7vltt0ZnGXSqUgLKvSG9pcfCZwlhGvMkFKDjpvqoEBSU8zItOFniqQIT9CIDAzlKCEqKGbhp86xUSInFtIcrp2Z+nujQIkq85nJBOmxWvRK8T9vkOn4IigoTzNNOJ4/FGfM0cIpm3AiKgnWLDcEYUlNVgePkURYm74apoTO4peXiXfavmy7N2et7m3VRh0O4QhOoAPn0IVr6IEHGHJ4hld4s56sF+vd+piP1qxqpwl/YH3+ADwylWY=</latexit><latexit sha1_base64="05XwYD1Y9Sbl1aN+dMGJlXA6SPw=">AAAB+3icbVBPS8MwHP11/pvzX3VHL8UheBqdCOpt4MXjFKuDtYw0TbewNClJKpQyv4oXDype/SLe/DamWw+6+SDk8d7vR15emDKqtOt+W7WV1bX1jfpmY2t7Z3fP3j+4VyKTmHhYMCH7IVKEUU48TTUj/VQSlISMPISTq9J/eCRSUcHvdJ6SIEEjTmOKkTbS0G76oWCRyhNzFb5IWaamQ7vltt0ZnGXSqUgLKvSG9pcfCZwlhGvMkFKDjpvqoEBSU8zItOFniqQIT9CIDAzlKCEqKGbhp86xUSInFtIcrp2Z+nujQIkq85nJBOmxWvRK8T9vkOn4IigoTzNNOJ4/FGfM0cIpm3AiKgnWLDcEYUlNVgePkURYm74apoTO4peXiXfavmy7N2et7m3VRh0O4QhOoAPn0IVr6IEHGHJ4hld4s56sF+vd+piP1qxqpwl/YH3+ADwylWY=</latexit><latexit sha1_base64="05XwYD1Y9Sbl1aN+dMGJlXA6SPw=">AAAB+3icbVBPS8MwHP11/pvzX3VHL8UheBqdCOpt4MXjFKuDtYw0TbewNClJKpQyv4oXDype/SLe/DamWw+6+SDk8d7vR15emDKqtOt+W7WV1bX1jfpmY2t7Z3fP3j+4VyKTmHhYMCH7IVKEUU48TTUj/VQSlISMPISTq9J/eCRSUcHvdJ6SIEEjTmOKkTbS0G76oWCRyhNzFb5IWaamQ7vltt0ZnGXSqUgLKvSG9pcfCZwlhGvMkFKDjpvqoEBSU8zItOFniqQIT9CIDAzlKCEqKGbhp86xUSInFtIcrp2Z+nujQIkq85nJBOmxWvRK8T9vkOn4IigoTzNNOJ4/FGfM0cIpm3AiKgnWLDcEYUlNVgePkURYm74apoTO4peXiXfavmy7N2et7m3VRh0O4QhOoAPn0IVr6IEHGHJ4hld4s56sF+vd+piP1qxqpwl/YH3+ADwylWY=</latexit>

Motion 

Field

Motion 

Field

Motion 

Field

It
<latexit sha1_base64="+EzHUHjxA9SmqG42oFXyY/Gyz7M=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG91VMbbQhjKZTtqhk4czN4US+h1uXKi49Wfc+TdO2iy09cDA4Zx7uWeOn0ih0ba/rdLK6tr6RnmzsrW9s7tX3T941HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJH17nfGnOlRRw94CThXkgHkQgEo2gkrxtSHDIqs9tpD3vVml23ZyDLxClIDQo0e9Wvbj9macgjZJJq3XHsBL2MKhRM8mmlm2qeUDaiA94xNKIh1142Cz0lJ0bpkyBW5kVIZurvjYyGWk9C30zmIfWil4v/eZ0Ug0svE1GSIo/Y/FCQSoIxyRsgfaE4QzkxhDIlTFbChlRRhqaniinBWfzyMnHP6ld1++681rgv2ijDERzDKThwAQ24gSa4wOAJnuEV3qyx9WK9Wx/z0ZJV7BzCH1ifP32Wkik=</latexit><latexit sha1_base64="+EzHUHjxA9SmqG42oFXyY/Gyz7M=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG91VMbbQhjKZTtqhk4czN4US+h1uXKi49Wfc+TdO2iy09cDA4Zx7uWeOn0ih0ba/rdLK6tr6RnmzsrW9s7tX3T941HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJH17nfGnOlRRw94CThXkgHkQgEo2gkrxtSHDIqs9tpD3vVml23ZyDLxClIDQo0e9Wvbj9macgjZJJq3XHsBL2MKhRM8mmlm2qeUDaiA94xNKIh1142Cz0lJ0bpkyBW5kVIZurvjYyGWk9C30zmIfWil4v/eZ0Ug0svE1GSIo/Y/FCQSoIxyRsgfaE4QzkxhDIlTFbChlRRhqaniinBWfzyMnHP6ld1++681rgv2ijDERzDKThwAQ24gSa4wOAJnuEV3qyx9WK9Wx/z0ZJV7BzCH1ifP32Wkik=</latexit><latexit sha1_base64="+EzHUHjxA9SmqG42oFXyY/Gyz7M=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG91VMbbQhjKZTtqhk4czN4US+h1uXKi49Wfc+TdO2iy09cDA4Zx7uWeOn0ih0ba/rdLK6tr6RnmzsrW9s7tX3T941HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJH17nfGnOlRRw94CThXkgHkQgEo2gkrxtSHDIqs9tpD3vVml23ZyDLxClIDQo0e9Wvbj9macgjZJJq3XHsBL2MKhRM8mmlm2qeUDaiA94xNKIh1142Cz0lJ0bpkyBW5kVIZurvjYyGWk9C30zmIfWil4v/eZ0Ug0svE1GSIo/Y/FCQSoIxyRsgfaE4QzkxhDIlTFbChlRRhqaniinBWfzyMnHP6ld1++681rgv2ijDERzDKThwAQ24gSa4wOAJnuEV3qyx9WK9Wx/z0ZJV7BzCH1ifP32Wkik=</latexit>

It
<latexit sha1_base64="+EzHUHjxA9SmqG42oFXyY/Gyz7M=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG91VMbbQhjKZTtqhk4czN4US+h1uXKi49Wfc+TdO2iy09cDA4Zx7uWeOn0ih0ba/rdLK6tr6RnmzsrW9s7tX3T941HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJH17nfGnOlRRw94CThXkgHkQgEo2gkrxtSHDIqs9tpD3vVml23ZyDLxClIDQo0e9Wvbj9macgjZJJq3XHsBL2MKhRM8mmlm2qeUDaiA94xNKIh1142Cz0lJ0bpkyBW5kVIZurvjYyGWk9C30zmIfWil4v/eZ0Ug0svE1GSIo/Y/FCQSoIxyRsgfaE4QzkxhDIlTFbChlRRhqaniinBWfzyMnHP6ld1++681rgv2ijDERzDKThwAQ24gSa4wOAJnuEV3qyx9WK9Wx/z0ZJV7BzCH1ifP32Wkik=</latexit><latexit sha1_base64="+EzHUHjxA9SmqG42oFXyY/Gyz7M=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG91VMbbQhjKZTtqhk4czN4US+h1uXKi49Wfc+TdO2iy09cDA4Zx7uWeOn0ih0ba/rdLK6tr6RnmzsrW9s7tX3T941HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJH17nfGnOlRRw94CThXkgHkQgEo2gkrxtSHDIqs9tpD3vVml23ZyDLxClIDQo0e9Wvbj9macgjZJJq3XHsBL2MKhRM8mmlm2qeUDaiA94xNKIh1142Cz0lJ0bpkyBW5kVIZurvjYyGWk9C30zmIfWil4v/eZ0Ug0svE1GSIo/Y/FCQSoIxyRsgfaE4QzkxhDIlTFbChlRRhqaniinBWfzyMnHP6ld1++681rgv2ijDERzDKThwAQ24gSa4wOAJnuEV3qyx9WK9Wx/z0ZJV7BzCH1ifP32Wkik=</latexit><latexit sha1_base64="+EzHUHjxA9SmqG42oFXyY/Gyz7M=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG91VMbbQhjKZTtqhk4czN4US+h1uXKi49Wfc+TdO2iy09cDA4Zx7uWeOn0ih0ba/rdLK6tr6RnmzsrW9s7tX3T941HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJH17nfGnOlRRw94CThXkgHkQgEo2gkrxtSHDIqs9tpD3vVml23ZyDLxClIDQo0e9Wvbj9macgjZJJq3XHsBL2MKhRM8mmlm2qeUDaiA94xNKIh1142Cz0lJ0bpkyBW5kVIZurvjYyGWk9C30zmIfWil4v/eZ0Ug0svE1GSIo/Y/FCQSoIxyRsgfaE4QzkxhDIlTFbChlRRhqaniinBWfzyMnHP6ld1++681rgv2ijDERzDKThwAQ24gSa4wOAJnuEV3qyx9WK9Wx/z0ZJV7BzCH1ifP32Wkik=</latexit>

LCAM
<latexit sha1_base64="VorPgvUbcrNd3naL8PCRGpRiMXU=">AAACAHicbVBNS8NAEN34WetX1IvgJVgETyURQb1VevGgUMXYQhPCZrtpl24+2J2IJcSLf8WLBxWv/gxv/hs3bQ7a+mDg8d4MM/P8hDMJpvmtzc0vLC4tV1aqq2vrG5v61vadjFNBqE1iHouOjyXlLKI2MOC0kwiKQ5/Ttj9sFn77ngrJ4ugWRgl1Q9yPWMAIBiV5+q4TYhgQzLPL3MscoA+QNc+v8tzTa2bdHMOYJVZJaqhEy9O/nF5M0pBGQDiWsmuZCbgZFsAIp3nVSSVNMBniPu0qGuGQSjcbf5AbB0rpGUEsVEVgjNXfExkOpRyFvuos7pXTXiH+53VTCE7djEVJCjQik0VByg2IjSIOo8cEJcBHimAimLrVIAMsMAEVWlWFYE2/PEvso/pZ3bw+rjVuyjQqaA/to0NkoRPUQBeohWxE0CN6Rq/oTXvSXrR37WPSOqeVMzvoD7TPH5Walzk=</latexit><latexit sha1_base64="VorPgvUbcrNd3naL8PCRGpRiMXU=">AAACAHicbVBNS8NAEN34WetX1IvgJVgETyURQb1VevGgUMXYQhPCZrtpl24+2J2IJcSLf8WLBxWv/gxv/hs3bQ7a+mDg8d4MM/P8hDMJpvmtzc0vLC4tV1aqq2vrG5v61vadjFNBqE1iHouOjyXlLKI2MOC0kwiKQ5/Ttj9sFn77ngrJ4ugWRgl1Q9yPWMAIBiV5+q4TYhgQzLPL3MscoA+QNc+v8tzTa2bdHMOYJVZJaqhEy9O/nF5M0pBGQDiWsmuZCbgZFsAIp3nVSSVNMBniPu0qGuGQSjcbf5AbB0rpGUEsVEVgjNXfExkOpRyFvuos7pXTXiH+53VTCE7djEVJCjQik0VByg2IjSIOo8cEJcBHimAimLrVIAMsMAEVWlWFYE2/PEvso/pZ3bw+rjVuyjQqaA/to0NkoRPUQBeohWxE0CN6Rq/oTXvSXrR37WPSOqeVMzvoD7TPH5Walzk=</latexit><latexit sha1_base64="VorPgvUbcrNd3naL8PCRGpRiMXU=">AAACAHicbVBNS8NAEN34WetX1IvgJVgETyURQb1VevGgUMXYQhPCZrtpl24+2J2IJcSLf8WLBxWv/gxv/hs3bQ7a+mDg8d4MM/P8hDMJpvmtzc0vLC4tV1aqq2vrG5v61vadjFNBqE1iHouOjyXlLKI2MOC0kwiKQ5/Ttj9sFn77ngrJ4ugWRgl1Q9yPWMAIBiV5+q4TYhgQzLPL3MscoA+QNc+v8tzTa2bdHMOYJVZJaqhEy9O/nF5M0pBGQDiWsmuZCbgZFsAIp3nVSSVNMBniPu0qGuGQSjcbf5AbB0rpGUEsVEVgjNXfExkOpRyFvuos7pXTXiH+53VTCE7djEVJCjQik0VByg2IjSIOo8cEJcBHimAimLrVIAMsMAEVWlWFYE2/PEvso/pZ3bw+rjVuyjQqaA/to0NkoRPUQBeohWxE0CN6Rq/oTXvSXrR37WPSOqeVMzvoD7TPH5Walzk=</latexit>

LCAM
<latexit sha1_base64="VorPgvUbcrNd3naL8PCRGpRiMXU=">AAACAHicbVBNS8NAEN34WetX1IvgJVgETyURQb1VevGgUMXYQhPCZrtpl24+2J2IJcSLf8WLBxWv/gxv/hs3bQ7a+mDg8d4MM/P8hDMJpvmtzc0vLC4tV1aqq2vrG5v61vadjFNBqE1iHouOjyXlLKI2MOC0kwiKQ5/Ttj9sFn77ngrJ4ugWRgl1Q9yPWMAIBiV5+q4TYhgQzLPL3MscoA+QNc+v8tzTa2bdHMOYJVZJaqhEy9O/nF5M0pBGQDiWsmuZCbgZFsAIp3nVSSVNMBniPu0qGuGQSjcbf5AbB0rpGUEsVEVgjNXfExkOpRyFvuos7pXTXiH+53VTCE7djEVJCjQik0VByg2IjSIOo8cEJcBHimAimLrVIAMsMAEVWlWFYE2/PEvso/pZ3bw+rjVuyjQqaA/to0NkoRPUQBeohWxE0CN6Rq/oTXvSXrR37WPSOqeVMzvoD7TPH5Walzk=</latexit><latexit sha1_base64="VorPgvUbcrNd3naL8PCRGpRiMXU=">AAACAHicbVBNS8NAEN34WetX1IvgJVgETyURQb1VevGgUMXYQhPCZrtpl24+2J2IJcSLf8WLBxWv/gxv/hs3bQ7a+mDg8d4MM/P8hDMJpvmtzc0vLC4tV1aqq2vrG5v61vadjFNBqE1iHouOjyXlLKI2MOC0kwiKQ5/Ttj9sFn77ngrJ4ugWRgl1Q9yPWMAIBiV5+q4TYhgQzLPL3MscoA+QNc+v8tzTa2bdHMOYJVZJaqhEy9O/nF5M0pBGQDiWsmuZCbgZFsAIp3nVSSVNMBniPu0qGuGQSjcbf5AbB0rpGUEsVEVgjNXfExkOpRyFvuos7pXTXiH+53VTCE7djEVJCjQik0VByg2IjSIOo8cEJcBHimAimLrVIAMsMAEVWlWFYE2/PEvso/pZ3bw+rjVuyjQqaA/to0NkoRPUQBeohWxE0CN6Rq/oTXvSXrR37WPSOqeVMzvoD7TPH5Walzk=</latexit><latexit sha1_base64="VorPgvUbcrNd3naL8PCRGpRiMXU=">AAACAHicbVBNS8NAEN34WetX1IvgJVgETyURQb1VevGgUMXYQhPCZrtpl24+2J2IJcSLf8WLBxWv/gxv/hs3bQ7a+mDg8d4MM/P8hDMJpvmtzc0vLC4tV1aqq2vrG5v61vadjFNBqE1iHouOjyXlLKI2MOC0kwiKQ5/Ttj9sFn77ngrJ4ugWRgl1Q9yPWMAIBiV5+q4TYhgQzLPL3MscoA+QNc+v8tzTa2bdHMOYJVZJaqhEy9O/nF5M0pBGQDiWsmuZCbgZFsAIp3nVSSVNMBniPu0qGuGQSjcbf5AbB0rpGUEsVEVgjNXfExkOpRyFvuos7pXTXiH+53VTCE7djEVJCjQik0VByg2IjSIOo8cEJcBHimAimLrVIAMsMAEVWlWFYE2/PEvso/pZ3bw+rjVuyjQqaA/to0NkoRPUQBeohWxE0CN6Rq/oTXvSXrR37WPSOqeVMzvoD7TPH5Walzk=</latexit>

w
<latexit sha1_base64="QOopCLZVO97lgl3/eC8NQP45A50=">AAAB9HicbVDNSgMxGPy2/tX6V/XoJVgET2UrgnorePFYxbWFdi3ZbLYNzSZLkrWUpe/hxYOKVx/Gm29jtt2Dtg6EDDPfRyYTJJxp47rfTmlldW19o7xZ2dre2d2r7h88aJkqQj0iuVSdAGvKmaCeYYbTTqIojgNO28HoOvfbT1RpJsW9mSTUj/FAsIgRbKz02AskD/Uktlc2nvarNbfuzoCWSaMgNSjQ6le/eqEkaUyFIRxr3W24ifEzrAwjnE4rvVTTBJMRHtCupQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NshnrRy8X/vG5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZEhlhhYmxRFVtCY/HLy8Q7q1/V3dvzWvOuaKMMR3AMp9CAC2jCDbTAAwIKnuEV3pyx8+K8Ox/z0ZJT7BzCHzifP78Fkus=</latexit><latexit sha1_base64="QOopCLZVO97lgl3/eC8NQP45A50=">AAAB9HicbVDNSgMxGPy2/tX6V/XoJVgET2UrgnorePFYxbWFdi3ZbLYNzSZLkrWUpe/hxYOKVx/Gm29jtt2Dtg6EDDPfRyYTJJxp47rfTmlldW19o7xZ2dre2d2r7h88aJkqQj0iuVSdAGvKmaCeYYbTTqIojgNO28HoOvfbT1RpJsW9mSTUj/FAsIgRbKz02AskD/Uktlc2nvarNbfuzoCWSaMgNSjQ6le/eqEkaUyFIRxr3W24ifEzrAwjnE4rvVTTBJMRHtCupQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NshnrRy8X/vG5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZEhlhhYmxRFVtCY/HLy8Q7q1/V3dvzWvOuaKMMR3AMp9CAC2jCDbTAAwIKnuEV3pyx8+K8Ox/z0ZJT7BzCHzifP78Fkus=</latexit><latexit sha1_base64="QOopCLZVO97lgl3/eC8NQP45A50=">AAAB9HicbVDNSgMxGPy2/tX6V/XoJVgET2UrgnorePFYxbWFdi3ZbLYNzSZLkrWUpe/hxYOKVx/Gm29jtt2Dtg6EDDPfRyYTJJxp47rfTmlldW19o7xZ2dre2d2r7h88aJkqQj0iuVSdAGvKmaCeYYbTTqIojgNO28HoOvfbT1RpJsW9mSTUj/FAsIgRbKz02AskD/Uktlc2nvarNbfuzoCWSaMgNSjQ6le/eqEkaUyFIRxr3W24ifEzrAwjnE4rvVTTBJMRHtCupQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NshnrRy8X/vG5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZEhlhhYmxRFVtCY/HLy8Q7q1/V3dvzWvOuaKMMR3AMp9CAC2jCDbTAAwIKnuEV3pyx8+K8Ox/z0ZJT7BzCHzifP78Fkus=</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="AwV1ANPhiVJB5JW8BZflyJ7zn7I=">AAAB6XicbVDNTgIxGPwW/xBR0auXRmLiiXS9qDcTLx4xcYUEVtLtdqGh227aroRseA8vHtT4Qt58G7vAQcFJvnQy06bzTZQJbizG315lY3Nre6e6W9ur7x8cNo7qj0blmrKAKqF0NyKGCS5ZYLkVrJtpRtJIsE40vi39zjPThiv5YKcZC1MylDzhlFgnPfUjJWIzTd1RTGaDRhO38BxonfhL0oQl2oPGVz9WNE+ZtFQQY3o+zmxYEG05FWxW6+eGZYSOyZD1HJUkZSYs5qln6MwpMUqUdiMtmqu/XxQkNWU0dzMldmRWvVL8z+vlNrkKCy6z3DJJFx8luUBWobICFHPNqBVTRwjV3GVFdEQ0odYVVXMl+Ksrr5PgonXdwvcYqnACp3AOPlzCDdxBGwKgoOEF3uDdm3iv3seirYq3rO0Y/sD7/AFnWJF8</latexit><latexit sha1_base64="AwV1ANPhiVJB5JW8BZflyJ7zn7I=">AAAB6XicbVDNTgIxGPwW/xBR0auXRmLiiXS9qDcTLx4xcYUEVtLtdqGh227aroRseA8vHtT4Qt58G7vAQcFJvnQy06bzTZQJbizG315lY3Nre6e6W9ur7x8cNo7qj0blmrKAKqF0NyKGCS5ZYLkVrJtpRtJIsE40vi39zjPThiv5YKcZC1MylDzhlFgnPfUjJWIzTd1RTGaDRhO38BxonfhL0oQl2oPGVz9WNE+ZtFQQY3o+zmxYEG05FWxW6+eGZYSOyZD1HJUkZSYs5qln6MwpMUqUdiMtmqu/XxQkNWU0dzMldmRWvVL8z+vlNrkKCy6z3DJJFx8luUBWobICFHPNqBVTRwjV3GVFdEQ0odYVVXMl+Ksrr5PgonXdwvcYqnACp3AOPlzCDdxBGwKgoOEF3uDdm3iv3seirYq3rO0Y/sD7/AFnWJF8</latexit><latexit sha1_base64="XslH2Wt60VPtDa6VXZfZHVUH6ms=">AAAB9HicbVC9TsMwGPzCbyl/BUYWiwqJqUpYgK0SC2NBhFZqQ+U4TmvVsSPboaqivgcLAyBWHoaNt8FpM0DLSZZPd98nny9MOdPGdb+dldW19Y3NylZ1e2d3b792cPigZaYI9YnkUnVCrClngvqGGU47qaI4CTlth6Prwm8/UaWZFPdmktIgwQPBYkawsdJjL5Q80pPEXvl42q/V3YY7A1omXknqUKLVr331IkmyhApDONa667mpCXKsDCOcTqu9TNMUkxEe0K6lAidUB/ks9RSdWiVCsVT2CINm6u+NHCe6iGYnE2yGetErxP+8bmbiyyBnIs0MFWT+UJxxZCQqKkARU5QYPrEEE8VsVkSGWGFibFFVW4K3+OVl4p83rhrurVtv3pVtVOAYTuAMPLiAJtxAC3wgoOAZXuHNGTsvzrvzMR9dccqdI/gD5/MHvcWS5w==</latexit><latexit sha1_base64="QOopCLZVO97lgl3/eC8NQP45A50=">AAAB9HicbVDNSgMxGPy2/tX6V/XoJVgET2UrgnorePFYxbWFdi3ZbLYNzSZLkrWUpe/hxYOKVx/Gm29jtt2Dtg6EDDPfRyYTJJxp47rfTmlldW19o7xZ2dre2d2r7h88aJkqQj0iuVSdAGvKmaCeYYbTTqIojgNO28HoOvfbT1RpJsW9mSTUj/FAsIgRbKz02AskD/Uktlc2nvarNbfuzoCWSaMgNSjQ6le/eqEkaUyFIRxr3W24ifEzrAwjnE4rvVTTBJMRHtCupQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NshnrRy8X/vG5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZEhlhhYmxRFVtCY/HLy8Q7q1/V3dvzWvOuaKMMR3AMp9CAC2jCDbTAAwIKnuEV3pyx8+K8Ox/z0ZJT7BzCHzifP78Fkus=</latexit><latexit sha1_base64="QOopCLZVO97lgl3/eC8NQP45A50=">AAAB9HicbVDNSgMxGPy2/tX6V/XoJVgET2UrgnorePFYxbWFdi3ZbLYNzSZLkrWUpe/hxYOKVx/Gm29jtt2Dtg6EDDPfRyYTJJxp47rfTmlldW19o7xZ2dre2d2r7h88aJkqQj0iuVSdAGvKmaCeYYbTTqIojgNO28HoOvfbT1RpJsW9mSTUj/FAsIgRbKz02AskD/Uktlc2nvarNbfuzoCWSaMgNSjQ6le/eqEkaUyFIRxr3W24ifEzrAwjnE4rvVTTBJMRHtCupQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NshnrRy8X/vG5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZEhlhhYmxRFVtCY/HLy8Q7q1/V3dvzWvOuaKMMR3AMp9CAC2jCDbTAAwIKnuEV3pyx8+K8Ox/z0ZJT7BzCHzifP78Fkus=</latexit><latexit sha1_base64="QOopCLZVO97lgl3/eC8NQP45A50=">AAAB9HicbVDNSgMxGPy2/tX6V/XoJVgET2UrgnorePFYxbWFdi3ZbLYNzSZLkrWUpe/hxYOKVx/Gm29jtt2Dtg6EDDPfRyYTJJxp47rfTmlldW19o7xZ2dre2d2r7h88aJkqQj0iuVSdAGvKmaCeYYbTTqIojgNO28HoOvfbT1RpJsW9mSTUj/FAsIgRbKz02AskD/Uktlc2nvarNbfuzoCWSaMgNSjQ6le/eqEkaUyFIRxr3W24ifEzrAwjnE4rvVTTBJMRHtCupQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NshnrRy8X/vG5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZEhlhhYmxRFVtCY/HLy8Q7q1/V3dvzWvOuaKMMR3AMp9CAC2jCDbTAAwIKnuEV3pyx8+K8Ox/z0ZJT7BzCHzifP78Fkus=</latexit><latexit sha1_base64="QOopCLZVO97lgl3/eC8NQP45A50=">AAAB9HicbVDNSgMxGPy2/tX6V/XoJVgET2UrgnorePFYxbWFdi3ZbLYNzSZLkrWUpe/hxYOKVx/Gm29jtt2Dtg6EDDPfRyYTJJxp47rfTmlldW19o7xZ2dre2d2r7h88aJkqQj0iuVSdAGvKmaCeYYbTTqIojgNO28HoOvfbT1RpJsW9mSTUj/FAsIgRbKz02AskD/Uktlc2nvarNbfuzoCWSaMgNSjQ6le/eqEkaUyFIRxr3W24ifEzrAwjnE4rvVTTBJMRHtCupQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NshnrRy8X/vG5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZEhlhhYmxRFVtCY/HLy8Q7q1/V3dvzWvOuaKMMR3AMp9CAC2jCDbTAAwIKnuEV3pyx8+K8Ox/z0ZJT7BzCHzifP78Fkus=</latexit><latexit sha1_base64="QOopCLZVO97lgl3/eC8NQP45A50=">AAAB9HicbVDNSgMxGPy2/tX6V/XoJVgET2UrgnorePFYxbWFdi3ZbLYNzSZLkrWUpe/hxYOKVx/Gm29jtt2Dtg6EDDPfRyYTJJxp47rfTmlldW19o7xZ2dre2d2r7h88aJkqQj0iuVSdAGvKmaCeYYbTTqIojgNO28HoOvfbT1RpJsW9mSTUj/FAsIgRbKz02AskD/Uktlc2nvarNbfuzoCWSaMgNSjQ6le/eqEkaUyFIRxr3W24ifEzrAwjnE4rvVTTBJMRHtCupQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NshnrRy8X/vG5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZEhlhhYmxRFVtCY/HLy8Q7q1/V3dvzWvOuaKMMR3AMp9CAC2jCDbTAAwIKnuEV3pyx8+K8Ox/z0ZJT7BzCHzifP78Fkus=</latexit>
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MF †
<latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit> MF<latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit>

MF †
<latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit> MF<latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit>

MF †
<latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit> MF †

<latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit><latexit sha1_base64="Z0i2VKc5acfnxtVZlvO/NTg5ZZw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiIF6ECsYW21g2m0m7dLMJuxuhhP4LLx5UvPpzvPlv3LY5aPXBwOO9GWbmBSlnSjvOl1VaWFxaXimvVtbWNza3qts7dyrJJEWPJjyR7YAo5Eygp5nm2E4lkjjg2AqGFxO/9YhSsUTc6lGKfkz6gkWMEm2k++vLh25I+n2UvWrNqTtT2H+JW5AaFGj2qp/dMKFZjEJTTpTquE6q/ZxIzSjHcaWbKUwJHZI+dgwVJEbl59OLx/aBUUI7SqQpoe2p+nMiJ7FSozgwnTHRAzXvTcT/vE6mo1M/ZyLNNAo6WxRl3NaJPXnfDplEqvnIEEIlM7fadEAkodqEVDEhuPMv/yXeUf2s7t4c1xrnRRpl2IN9OAQXTqABV9AEDygIeIIXeLWU9Wy9We+z1pJVzOzCL1gf35j4kGk=</latexit>

LOP
<latexit sha1_base64="3opJgshAtqEP8B8/2Iq12yKgTg4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KXjwIVjC20Iaw2W7apZtN2N0USug/8eJBxas/xZv/xk2bg7YOLAwz7/FmJ0w5U9pxvq3Kyura+kZ1s7a1vbO7Z+8fPKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzeF3x5TqVgiHvUkpX6MB4JFjGBtpMC2ezHWQ4J5fjcN8vvWNLDrTsOZAS0TtyR1KNEK7K9ePyFZTIUmHCvVdZ1U+zmWmhFOp7VepmiKyQgPaNdQgWOq/HyWfIpOjNJHUSLNExrN1N8bOY6VmsShmSxyqkWvEP/zupmOLv2ciTTTVJD5oSjjSCeoqAH1maRE84khmEhmsiIyxBITbcqqmRLcxS8vE++scdVwH87rzeuyjSocwTGcggsX0IRbaIEHBMbwDK/wZuXWi/VufcxHK1a5cwh/YH3+AC1Wk48=</latexit><latexit sha1_base64="3opJgshAtqEP8B8/2Iq12yKgTg4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KXjwIVjC20Iaw2W7apZtN2N0USug/8eJBxas/xZv/xk2bg7YOLAwz7/FmJ0w5U9pxvq3Kyura+kZ1s7a1vbO7Z+8fPKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzeF3x5TqVgiHvUkpX6MB4JFjGBtpMC2ezHWQ4J5fjcN8vvWNLDrTsOZAS0TtyR1KNEK7K9ePyFZTIUmHCvVdZ1U+zmWmhFOp7VepmiKyQgPaNdQgWOq/HyWfIpOjNJHUSLNExrN1N8bOY6VmsShmSxyqkWvEP/zupmOLv2ciTTTVJD5oSjjSCeoqAH1maRE84khmEhmsiIyxBITbcqqmRLcxS8vE++scdVwH87rzeuyjSocwTGcggsX0IRbaIEHBMbwDK/wZuXWi/VufcxHK1a5cwh/YH3+AC1Wk48=</latexit><latexit sha1_base64="3opJgshAtqEP8B8/2Iq12yKgTg4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KXjwIVjC20Iaw2W7apZtN2N0USug/8eJBxas/xZv/xk2bg7YOLAwz7/FmJ0w5U9pxvq3Kyura+kZ1s7a1vbO7Z+8fPKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzeF3x5TqVgiHvUkpX6MB4JFjGBtpMC2ezHWQ4J5fjcN8vvWNLDrTsOZAS0TtyR1KNEK7K9ePyFZTIUmHCvVdZ1U+zmWmhFOp7VepmiKyQgPaNdQgWOq/HyWfIpOjNJHUSLNExrN1N8bOY6VmsShmSxyqkWvEP/zupmOLv2ciTTTVJD5oSjjSCeoqAH1maRE84khmEhmsiIyxBITbcqqmRLcxS8vE++scdVwH87rzeuyjSocwTGcggsX0IRbaIEHBMbwDK/wZuXWi/VufcxHK1a5cwh/YH3+AC1Wk48=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="aViNC4PwI95MI51P3QVJ9B3XIXg=">AAAB7XicbVBNS8NAFHypX7VWjV69LBbBU0m8qDfBiwfBCsYW2hA22027dLMJu5tCWfJPvHhQ8e9489+4aXvQ1oGFYeY93uzEOWdKe963U9vY3Nreqe829pr7B4fuUfNZZYUkNCAZz2QvxopyJmigmea0l0uK05jTbjy5rfzulErFMvGkZzkNUzwSLGEEaytFrjtIsR4TzM19GZmHThm5La/tzYHWib8kLViiE7lfg2FGipQKTThWqu97uQ4NlpoRTsvGoFA0x2SCR7RvqcApVaGZJy/RmVWGKMmkfUKjufp7w+BUqVka28kqp1r1KvE/r1/o5Co0TOSFpoIsDiUFRzpDVQ1oyCQlms8swUQymxWRMZaYaFtWw5bgr355nQQX7eu2/+hBHU7gFM7Bh0u4gTvoQAAEpvACb/DuGOfV+Vi0VXOWtR3DHzifP9Nmkiw=</latexit><latexit sha1_base64="aViNC4PwI95MI51P3QVJ9B3XIXg=">AAAB7XicbVBNS8NAFHypX7VWjV69LBbBU0m8qDfBiwfBCsYW2hA22027dLMJu5tCWfJPvHhQ8e9489+4aXvQ1oGFYeY93uzEOWdKe963U9vY3Nreqe829pr7B4fuUfNZZYUkNCAZz2QvxopyJmigmea0l0uK05jTbjy5rfzulErFMvGkZzkNUzwSLGEEaytFrjtIsR4TzM19GZmHThm5La/tzYHWib8kLViiE7lfg2FGipQKTThWqu97uQ4NlpoRTsvGoFA0x2SCR7RvqcApVaGZJy/RmVWGKMmkfUKjufp7w+BUqVka28kqp1r1KvE/r1/o5Co0TOSFpoIsDiUFRzpDVQ1oyCQlms8swUQymxWRMZaYaFtWw5bgr355nQQX7eu2/+hBHU7gFM7Bh0u4gTvoQAAEpvACb/DuGOfV+Vi0VXOWtR3DHzifP9Nmkiw=</latexit><latexit sha1_base64="FbfkPp9Kuy30mWhzIELnAsD+/wo=">AAAB+HicbVBNS8NAFHzxs9avqEcvi0XwVBIv6q3oxYNgBWMLbQib7aZdutmE3U2hhPwTLx5UvPpTvPlv3LQ5aOvAwjDzHm92wpQzpR3n21pZXVvf2Kxt1bd3dvf27YPDJ5VkklCPJDyR3RArypmgnmaa024qKY5DTjvh+Kb0OxMqFUvEo56m1I/xULCIEayNFNh2P8Z6RDDP74ogv28Xgd1wms4MaJm4FWlAhXZgf/UHCcliKjThWKme66Taz7HUjHBa1PuZoikmYzykPUMFjqny81nyAp0aZYCiRJonNJqpvzdyHCs1jUMzWeZUi14p/uf1Mh1d+jkTaaapIPNDUcaRTlBZAxowSYnmU0MwkcxkRWSEJSbalFU3JbiLX14m3nnzquk+OI3WddVGDY7hBM7AhQtowS20wQMCE3iGV3izcuvFerc+5qMrVrVzBH9gff4ALBaTiw==</latexit><latexit sha1_base64="3opJgshAtqEP8B8/2Iq12yKgTg4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KXjwIVjC20Iaw2W7apZtN2N0USug/8eJBxas/xZv/xk2bg7YOLAwz7/FmJ0w5U9pxvq3Kyura+kZ1s7a1vbO7Z+8fPKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzeF3x5TqVgiHvUkpX6MB4JFjGBtpMC2ezHWQ4J5fjcN8vvWNLDrTsOZAS0TtyR1KNEK7K9ePyFZTIUmHCvVdZ1U+zmWmhFOp7VepmiKyQgPaNdQgWOq/HyWfIpOjNJHUSLNExrN1N8bOY6VmsShmSxyqkWvEP/zupmOLv2ciTTTVJD5oSjjSCeoqAH1maRE84khmEhmsiIyxBITbcqqmRLcxS8vE++scdVwH87rzeuyjSocwTGcggsX0IRbaIEHBMbwDK/wZuXWi/VufcxHK1a5cwh/YH3+AC1Wk48=</latexit><latexit sha1_base64="3opJgshAtqEP8B8/2Iq12yKgTg4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KXjwIVjC20Iaw2W7apZtN2N0USug/8eJBxas/xZv/xk2bg7YOLAwz7/FmJ0w5U9pxvq3Kyura+kZ1s7a1vbO7Z+8fPKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzeF3x5TqVgiHvUkpX6MB4JFjGBtpMC2ezHWQ4J5fjcN8vvWNLDrTsOZAS0TtyR1KNEK7K9ePyFZTIUmHCvVdZ1U+zmWmhFOp7VepmiKyQgPaNdQgWOq/HyWfIpOjNJHUSLNExrN1N8bOY6VmsShmSxyqkWvEP/zupmOLv2ciTTTVJD5oSjjSCeoqAH1maRE84khmEhmsiIyxBITbcqqmRLcxS8vE++scdVwH87rzeuyjSocwTGcggsX0IRbaIEHBMbwDK/wZuXWi/VufcxHK1a5cwh/YH3+AC1Wk48=</latexit><latexit sha1_base64="3opJgshAtqEP8B8/2Iq12yKgTg4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KXjwIVjC20Iaw2W7apZtN2N0USug/8eJBxas/xZv/xk2bg7YOLAwz7/FmJ0w5U9pxvq3Kyura+kZ1s7a1vbO7Z+8fPKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzeF3x5TqVgiHvUkpX6MB4JFjGBtpMC2ezHWQ4J5fjcN8vvWNLDrTsOZAS0TtyR1KNEK7K9ePyFZTIUmHCvVdZ1U+zmWmhFOp7VepmiKyQgPaNdQgWOq/HyWfIpOjNJHUSLNExrN1N8bOY6VmsShmSxyqkWvEP/zupmOLv2ciTTTVJD5oSjjSCeoqAH1maRE84khmEhmsiIyxBITbcqqmRLcxS8vE++scdVwH87rzeuyjSocwTGcggsX0IRbaIEHBMbwDK/wZuXWi/VufcxHK1a5cwh/YH3+AC1Wk48=</latexit><latexit sha1_base64="3opJgshAtqEP8B8/2Iq12yKgTg4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KXjwIVjC20Iaw2W7apZtN2N0USug/8eJBxas/xZv/xk2bg7YOLAwz7/FmJ0w5U9pxvq3Kyura+kZ1s7a1vbO7Z+8fPKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzeF3x5TqVgiHvUkpX6MB4JFjGBtpMC2ezHWQ4J5fjcN8vvWNLDrTsOZAS0TtyR1KNEK7K9ePyFZTIUmHCvVdZ1U+zmWmhFOp7VepmiKyQgPaNdQgWOq/HyWfIpOjNJHUSLNExrN1N8bOY6VmsShmSxyqkWvEP/zupmOLv2ciTTTVJD5oSjjSCeoqAH1maRE84khmEhmsiIyxBITbcqqmRLcxS8vE++scdVwH87rzeuyjSocwTGcggsX0IRbaIEHBMbwDK/wZuXWi/VufcxHK1a5cwh/YH3+AC1Wk48=</latexit><latexit sha1_base64="3opJgshAtqEP8B8/2Iq12yKgTg4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KXjwIVjC20Iaw2W7apZtN2N0USug/8eJBxas/xZv/xk2bg7YOLAwz7/FmJ0w5U9pxvq3Kyura+kZ1s7a1vbO7Z+8fPKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzeF3x5TqVgiHvUkpX6MB4JFjGBtpMC2ezHWQ4J5fjcN8vvWNLDrTsOZAS0TtyR1KNEK7K9ePyFZTIUmHCvVdZ1U+zmWmhFOp7VepmiKyQgPaNdQgWOq/HyWfIpOjNJHUSLNExrN1N8bOY6VmsShmSxyqkWvEP/zupmOLv2ciTTTVJD5oSjjSCeoqAH1maRE84khmEhmsiIyxBITbcqqmRLcxS8vE++scdVwH87rzeuyjSocwTGcggsX0IRbaIEHBMbwDK/wZuXWi/VufcxHK1a5cwh/YH3+AC1Wk48=</latexit><latexit sha1_base64="3opJgshAtqEP8B8/2Iq12yKgTg4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KXjwIVjC20Iaw2W7apZtN2N0USug/8eJBxas/xZv/xk2bg7YOLAwz7/FmJ0w5U9pxvq3Kyura+kZ1s7a1vbO7Z+8fPKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzeF3x5TqVgiHvUkpX6MB4JFjGBtpMC2ezHWQ4J5fjcN8vvWNLDrTsOZAS0TtyR1KNEK7K9ePyFZTIUmHCvVdZ1U+zmWmhFOp7VepmiKyQgPaNdQgWOq/HyWfIpOjNJHUSLNExrN1N8bOY6VmsShmSxyqkWvEP/zupmOLv2ciTTTVJD5oSjjSCeoqAH1maRE84khmEhmsiIyxBITbcqqmRLcxS8vE++scdVwH87rzeuyjSocwTGcggsX0IRbaIEHBMbwDK/wZuXWi/VufcxHK1a5cwh/YH3+AC1Wk48=</latexit>

Figure 1. Overview of network architectures used in our experi-

ments. The top panel shows conventional (baseline) approach that

directly predicts 6DoF camera motion (Lcam). The middle panel

displays our proposed single layer model which predicts ego mo-

tion assuming a static (rigid) environment. We train the model

with additional unsupervised losses based on optical flow (LOF ),

motion field (LMF ), and orthogonal projection (LOF ) described

in Section 3.1. Our model supports both supervised (red) and un-

supervised (green) losses during training. The bottom panel shows

a two layered model variant that segments a scene into static and

dynamic components and only uses static component for camera

motion prediction. When input depth is not available, we utilize

an additional monocular depth estimation network to predict it.

challenge.

A second difficulty is that optimizing convolutional neu-

ral networks (CNNs) requires large amounts of training data

with ground-truth labels. Such ground-truth data is often

not readily available for geometric problems (e.g., requir-

ing special-purpose hardware during acquisition rather than

simple image annotations). This challenge has driven re-



cent effort to develop more realistic synthetic datasets such

as Flying Chairs and MPI-Sintel [2] for flow and disparity

estimation, Virtual KITTI [6] for object detection and track-

ing, semantic segmentation, flow and depth estimation, and

SUNCG [30] for indoor room layout, depth and normal es-

timation.

In this paper, we overcome some of these difficulties by

taking a “self-supervised” approach to learning to estimate

camera motions directly from video. Self-supervision uti-

lizes unlabeled image data by constructing an encoder that

transforms the image into an alternate representation and

a decoder that maps back to the original image. This ap-

proach has been widely for low-level synthesis problems

such as super-resolution [3], image colorization [43] and in-

painting [26] where the encoder is fixed (creating a down-

sampled, grayscale or occluded version of the image) and

the decoder is trained to reproduce the original image. For

estimation tasks such as human pose [34], depth [37, 44],

and intrinsic image decomposition [15], the structure of

the decoder is typically specified by hand (e.g., synthesiz-

ing the next video frame in a sequence based on estimated

optical flow and previous video frame) and the encoder is

learned. Self-supervision is appealing for geometric esti-

mation problems since (a) it doesn’t require human super-

vision to generate target labels and hence can be trained on

large, diverse data, and (b) the predictive (decoder) compo-

nent of the model can incorporate known constraints into

the problem structure.

Our basic model for ego-motion estimation takes a pair

of calibrated RGB or RGBD video frames as input, esti-

mates optical flow and depth, determines camera and ob-

ject velocities, and resynthesizes the corresponding motion

fields. We show that the model can be trained end-to-end

with a self-supervised loss that enforces consistency of the

predicted motion fields with the input frames, yielding a

system that provides highly accurate estimates of camera

ego-motion. We measure the effectiveness of our method

using TUM [31] and Virtual KITTI [6] dataset.

Relative to other recent papers [35, 37, 44, 21, 1] that

have also investigated self-supervision for structure-from-

motion, the novel contributions of our work are:

• We represent camera motion implicitly in terms of

motion fields and depth which are a better match for

CNNs architectures that naturally operate in the im-

age domain (rather than camera parameter space). We

demonstrate that this choice yields better predictive

performance, even when trained in the fully supervised

setting

• Unlike previous self-supervised techniques, our model

uses a continuous (linearized) approximation to cam-

era motion [25, 14] which is suitable for video odome-

try and allows efficient backpropagation while provid-

ing strong constraints for learning from unsupervised

data.

• Our experimental results demonstrate state-of-the-art

performance on benchmark datasets which include

non-rigid scene motion due to dynamic objects. Our

model improves substantially on estimates of camera

rotation, suggesting this approach can serve well as

a drop-in replacement for local estimation in existing

RGB(D) SLAM pipelines.

2. Related Work

Visual odometry is a classic and well studied problem in

computer vision. Here we mention a few recent works that

are most closely related to our approach.

Optical Flow, Depth and Odometry: A number of recent

papers have shown great success in estimation of optical

flow from video using learning-based techniques [4, 12].

Ren et al. introduced unsupervised learning for optical flow

prediction [27] using photometric consistency. Garg et. al.

utilize consistency between stereo pairs to learn monocu-

lar depth estimation in a self-supervised manner [7]. [44]

jointly trains estimators for monocular depth and relative

pose using an unsupervised loss. SfM-Net [37] takes a sim-

ilar approach but explicitly decomposes the input into mul-

tiple motion layers. [19] uses stereo video for joint train-

ing of depth and camera motion (sometimes referred to as

scene flow) but tests on monocular sequences. Mahjourian

et al. [21] use 3D ICP loss on top of 2D photometric loss

to predict depth and ego-motion. Our approach differs from

these recent papers in using a continuous formulation ap-

propriate for video. Such a formulation was recently used

by Jaegle et al.[14] for robust monocular ego-motion esti-

mation but with classic (sparse) optical flow as input.

SLAM: While conventional simultaneous localization and

mapping (SLAM) methods estimate geometric information

by extracting feature points [16, 40] or use all information in

the given images [5], recently several learning based meth-

ods have been introduced. Tateno et al. [33] propose a fu-

sion SLAM technique by utilizing CNN based depth map

prediction and monocular SLAM. Melekhov et al. propose

CNN based relative pose estimation using end-to-end train-

ing with a spatial pyramid pooling (SPP) [22]. Other recent

works [17, 20] model static background to predict accurate

camera pose even in dynamic environment. Sun et al. try

to solve dynamic scene problem by adding motion removal

approach as a pre-processing to be integrated into RGBD

SLAM [32]. The work of Wang et al. [38] train a recurrent

CNN to capture longer-term processing of sequences typi-

cally handled by bundle adjustment and loop closure. [42]

use virtual stereo camera based training to achieve photo-

consistency and accurate depth reconstruction. Another re-

cent work done by [1] shows scale-aware camera pose pre-

diction by using spatial and temporal reconstruction losses



simultaneously.

3. Continuous Ego-motion Network

Figure 1 provides an overview of three different types of

architectures we consider in this paper. We take as input a

successive pair of RGB images {It, It+δ} and correspond-

ing depth images {dt, dt+δ}. When depth is not available,

we assume it is predicted by a monocular depth estimator

(not shown). The first network, NetPOSE, directly predicts

6 DoF camera motion by attaching several fully connected

layers at the end of a standard CNN architecture. When

camera motion is known, this baseline can be trained with a

supervised loss LCAM or trained with a self-supervised im-

age warping loss L3DWARP as done in several recent papers

[44, 35, 37].

Instead of directly predicting camera motion parameters,

we advocate utilizing a fully-convolutional encoder/decoder

architecture with skip connections (e.g., [28, 29, 4, 12])

to first predict optical flow (denoted NetOF). We then es-

timate continuous ego-motion (t, !) using weighted least-

squares and resynthesize the corresponding motion field

MF (t, !). These intermediate representations can be

learned using unsupervised losses (LOF,LMF, LOP) de-

scribed below. When additional moving objects are present

in the scene, we introduce an additional segmentation net-

work, NetSEG, which decomposes the optical flow into lay-

ers that are fit to separate motion models.

In the following sections we develop the continuous mo-

tion formulation, interpret our model as projecting the pre-

dicted optical flow on to the subspace of ego-motion flows,

and discuss implementation of segmentation into layers.

3.1. Estimating Continuous Ego­motion

Consider the 2D trajectory of a point in the image x =
{x, y} as a function of its 3D position X = {X,Y, Z} and

motion relative to the camera. We write

x(t) = {x(t), y(t)} =

{

fX(t)

Z(t)
,
fY (t)

Z(t)

}

,

where f is the camera focal length. To compute the pro-

jected velocity in the image v(x) = (vx, vy)
⊤ ∈ R

2 as a

function of the 3D velocity V (X) we take partial deriva-

tives. For example, the x component of the velocity is:

∂x(t)

∂t
=

f

Z(t)

∂X(t)

∂t
+ fX(t) ·

∂

∂t

1

Z(t)

=
f

Z(t)
Vx − fX(t) ·

1

Z2(t)
·
∂Z(t)

∂t

=
1

Z(t)

[

f 0 −x(t)
]





Vx

0
Vz





Dropping t for notational simplicity, we can thus write the

image velocity as:

v(x) =
1

Z(x)
A(x)V (X) (1)

where the matrix A(x) is given by:

A(x) =

[

f 0 −x

0 f −y

]

.

In the continuous formulation, the velocity of the point

relative to the camera V (X) arises from a combination of

translational and rotational motions,

V (X) = τ +X × ω

where ω = (!x, !y, !z)
⊤ ∈ R

3 is unit length axis rep-

resentation of rotational velocity of the camera and τ =
(τx, τy, τz)

⊤ ∈ R
3 is the translation. Denoting the inverse

depth at image location x by ρ(x) = 1
Z(x) , we can see

that the projected motion vector v is a linear function of

the camera motion parameters:

v(x) = ρ(x)A(x)τ +B(x)ω

=
[

ρ(x)A(x) B(x)
]

[

τ

ω

]

= Q(x)T ,

where the matrix B includes the cross product

B(x) =

[

−xy f + x2 −y

−f − y2 xy x

]

.

To describe motion field for the whole image, we con-

catenate equations for all N pixel locations and write U =
QT where

U =











v(x1)
v(x2)

...

v(xN )











∈ R
2N×1,

Q =











ρ1A(x1) B(x1)
ρ2A(x2) B(x2)

...
...

ρNA(xN ) B(xN )











∈ R
2N×6,

T ∈ R
6×1.

We assume the focal length is a fixed quantity and in the fol-

lowing write the motion field as a function U = MF (ρ,T )
which is linear in both the inverse depths ρ and camera mo-

tion parameters T .
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φ
<latexit sha1_base64="LpRiA0tPxs0CLwFXsvaS+jiYeRg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDdKYDesNt+nOgVaJV5IGlOgM61+DUUIyQaUhHGvd99zUBDlWhhFOZ7VBpmmKyQSPad9SiQXVQT6/dYbOrDJCUaJsSYPm6u+JHAutpyK0nQKbWC97hfif189MdBXkTKaZoZIsFkUZRyZBxeNoxBQlhk8twUQxeysiMVaYGBtPzYbgLb+8SvyL5nXTu79stG/KNKpwAqdwDh60oA130AEfCMTwDK/w5gjnxXl3PhatFaecOYY/cD5/AIC3jhM=</latexit><latexit sha1_base64="LpRiA0tPxs0CLwFXsvaS+jiYeRg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDdKYDesNt+nOgVaJV5IGlOgM61+DUUIyQaUhHGvd99zUBDlWhhFOZ7VBpmmKyQSPad9SiQXVQT6/dYbOrDJCUaJsSYPm6u+JHAutpyK0nQKbWC97hfif189MdBXkTKaZoZIsFkUZRyZBxeNoxBQlhk8twUQxeysiMVaYGBtPzYbgLb+8SvyL5nXTu79stG/KNKpwAqdwDh60oA130AEfCMTwDK/w5gjnxXl3PhatFaecOYY/cD5/AIC3jhM=</latexit><latexit sha1_base64="LpRiA0tPxs0CLwFXsvaS+jiYeRg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDdKYDesNt+nOgVaJV5IGlOgM61+DUUIyQaUhHGvd99zUBDlWhhFOZ7VBpmmKyQSPad9SiQXVQT6/dYbOrDJCUaJsSYPm6u+JHAutpyK0nQKbWC97hfif189MdBXkTKaZoZIsFkUZRyZBxeNoxBQlhk8twUQxeysiMVaYGBtPzYbgLb+8SvyL5nXTu79stG/KNKpwAqdwDh60oA130AEfCMTwDK/w5gjnxXl3PhatFaecOYY/cD5/AIC3jhM=</latexit><latexit sha1_base64="LpRiA0tPxs0CLwFXsvaS+jiYeRg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDdKYDesNt+nOgVaJV5IGlOgM61+DUUIyQaUhHGvd99zUBDlWhhFOZ7VBpmmKyQSPad9SiQXVQT6/dYbOrDJCUaJsSYPm6u+JHAutpyK0nQKbWC97hfif189MdBXkTKaZoZIsFkUZRyZBxeNoxBQlhk8twUQxeysiMVaYGBtPzYbgLb+8SvyL5nXTu79stG/KNKpwAqdwDh60oA130AEfCMTwDK/w5gjnxXl3PhatFaecOYY/cD5/AIC3jhM=</latexit>

Initial

Solution

φ =
<latexit sha1_base64="QmDL1LKnaCd3cHsKbnVOlScqN8s=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOpCKAriRqhgbKEJZTKdtEMnM2FmItRQ/BU3LlTc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpz8wuLS8Xl0srq2vqGvbl1r0QqMfGwYEI2Q6QIo5x4mmpGmokkKA4ZaYT9y5HfeCBSUcHv9CAhQYy6nEYUI22ktr3jJz0Kz+HNVUUfQl/EpIsO2nbZqTpjwFni5qQMctTb9pffETiNCdeYIaVarpPoIENSU8zIsOSniiQI91GXtAzlKCYqyMbXD+G+UTowEtIU13Cs/p7IUKzUIA5NZ4x0T017I/E/r5Xq6DTIKE9STTieLIpSBrWAoyhgh0qCNRsYgrCk5laIe0girE1gJROCO/3yLPGOqmdV9/a4XLvI0yiCXbAHKsAFJ6AGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YOUz2+APrM8fVx2Tag==</latexit><latexit sha1_base64="QmDL1LKnaCd3cHsKbnVOlScqN8s=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOpCKAriRqhgbKEJZTKdtEMnM2FmItRQ/BU3LlTc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpz8wuLS8Xl0srq2vqGvbl1r0QqMfGwYEI2Q6QIo5x4mmpGmokkKA4ZaYT9y5HfeCBSUcHv9CAhQYy6nEYUI22ktr3jJz0Kz+HNVUUfQl/EpIsO2nbZqTpjwFni5qQMctTb9pffETiNCdeYIaVarpPoIENSU8zIsOSniiQI91GXtAzlKCYqyMbXD+G+UTowEtIU13Cs/p7IUKzUIA5NZ4x0T017I/E/r5Xq6DTIKE9STTieLIpSBrWAoyhgh0qCNRsYgrCk5laIe0girE1gJROCO/3yLPGOqmdV9/a4XLvI0yiCXbAHKsAFJ6AGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YOUz2+APrM8fVx2Tag==</latexit><latexit sha1_base64="QmDL1LKnaCd3cHsKbnVOlScqN8s=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOpCKAriRqhgbKEJZTKdtEMnM2FmItRQ/BU3LlTc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpz8wuLS8Xl0srq2vqGvbl1r0QqMfGwYEI2Q6QIo5x4mmpGmokkKA4ZaYT9y5HfeCBSUcHv9CAhQYy6nEYUI22ktr3jJz0Kz+HNVUUfQl/EpIsO2nbZqTpjwFni5qQMctTb9pffETiNCdeYIaVarpPoIENSU8zIsOSniiQI91GXtAzlKCYqyMbXD+G+UTowEtIU13Cs/p7IUKzUIA5NZ4x0T017I/E/r5Xq6DTIKE9STTieLIpSBrWAoyhgh0qCNRsYgrCk5laIe0girE1gJROCO/3yLPGOqmdV9/a4XLvI0yiCXbAHKsAFJ6AGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YOUz2+APrM8fVx2Tag==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K3MdKsdvzJhtvE+z2ac17AUZhJo=">AAAB8XicbZDNSgMxFIXv1L9aq47izk2wCBWkzLhRF4IgiBuhgrWFzlAyaaYNTTJDkhHqUHwVNy5UfBl3vo3pz0JbDwQ+zkm4NydKOdPG876dwtLyyupacb20Ud7c2nZ3yg86yRShDZLwRLUirClnkjYMM5y2UkWxiDhtRoOrcd58pEqzRN6bYUpDgXuSxYxgY62OuxekfYYu0O111RyjIBG0h486bsWreROhRfBnUIGZ6h33K+gmJBNUGsKx1m3fS02YY2UY4XRUCjJNU0wGuEfbFiUWVIf5ZPsROrROF8WJskcaNHF/v8ix0HooIntTYNPX89nY/C9rZyY+C3Mm08xQSaaD4owjk6BxFajLFCWGDy1gopjdFZE+VpgYW1jJluDPf3kRGie185p/50ER9uEAquDDKVzCDdShAQSe4AXe4N15dl6dj2lbBWdW2y78kfP5A/98kgM=</latexit><latexit sha1_base64="K3MdKsdvzJhtvE+z2ac17AUZhJo=">AAAB8XicbZDNSgMxFIXv1L9aq47izk2wCBWkzLhRF4IgiBuhgrWFzlAyaaYNTTJDkhHqUHwVNy5UfBl3vo3pz0JbDwQ+zkm4NydKOdPG876dwtLyyupacb20Ud7c2nZ3yg86yRShDZLwRLUirClnkjYMM5y2UkWxiDhtRoOrcd58pEqzRN6bYUpDgXuSxYxgY62OuxekfYYu0O111RyjIBG0h486bsWreROhRfBnUIGZ6h33K+gmJBNUGsKx1m3fS02YY2UY4XRUCjJNU0wGuEfbFiUWVIf5ZPsROrROF8WJskcaNHF/v8ix0HooIntTYNPX89nY/C9rZyY+C3Mm08xQSaaD4owjk6BxFajLFCWGDy1gopjdFZE+VpgYW1jJluDPf3kRGie185p/50ER9uEAquDDKVzCDdShAQSe4AXe4N15dl6dj2lbBWdW2y78kfP5A/98kgM=</latexit><latexit sha1_base64="Pyp2u8D2Qc+G8CsFmvmP+S2MoGY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJG3UhFAVxI1QwttCEMplO26HzCDMToYbir7hxoeLWD3Hn3zhts9DqgQuHc+7l3nvihFFtPO/LKczNLywuFZdLK6tr6xvu5tadlqnCJMCSSdWMkSaMChIYahhpJoogHjPSiAcXY79xT5SmUtyaYUIijnqCdilGxkptdydM+hSewevLijmEoeSkhw7abtmrehPAv8TPSRnkqLfdz7AjccqJMJghrVu+l5goQ8pQzMioFKaaJAgPUI+0LBWIEx1lk+tHcN8qHdiVypYwcKL+nMgQ13rIY9vJkenrWW8s/ue1UtM9iTIqktQQgaeLuimDRsJxFLBDFcGGDS1BWFF7K8R9pBA2NrCSDcGfffkvCY6qp1X/xivXzvM0imAX7IEK8MExqIErUAcBwOABPIEX8Oo8Os/Om/M+bS04+cw2+AXn4xtV3ZNm</latexit><latexit sha1_base64="QmDL1LKnaCd3cHsKbnVOlScqN8s=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOpCKAriRqhgbKEJZTKdtEMnM2FmItRQ/BU3LlTc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpz8wuLS8Xl0srq2vqGvbl1r0QqMfGwYEI2Q6QIo5x4mmpGmokkKA4ZaYT9y5HfeCBSUcHv9CAhQYy6nEYUI22ktr3jJz0Kz+HNVUUfQl/EpIsO2nbZqTpjwFni5qQMctTb9pffETiNCdeYIaVarpPoIENSU8zIsOSniiQI91GXtAzlKCYqyMbXD+G+UTowEtIU13Cs/p7IUKzUIA5NZ4x0T017I/E/r5Xq6DTIKE9STTieLIpSBrWAoyhgh0qCNRsYgrCk5laIe0girE1gJROCO/3yLPGOqmdV9/a4XLvI0yiCXbAHKsAFJ6AGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YOUz2+APrM8fVx2Tag==</latexit><latexit sha1_base64="QmDL1LKnaCd3cHsKbnVOlScqN8s=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOpCKAriRqhgbKEJZTKdtEMnM2FmItRQ/BU3LlTc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpz8wuLS8Xl0srq2vqGvbl1r0QqMfGwYEI2Q6QIo5x4mmpGmokkKA4ZaYT9y5HfeCBSUcHv9CAhQYy6nEYUI22ktr3jJz0Kz+HNVUUfQl/EpIsO2nbZqTpjwFni5qQMctTb9pffETiNCdeYIaVarpPoIENSU8zIsOSniiQI91GXtAzlKCYqyMbXD+G+UTowEtIU13Cs/p7IUKzUIA5NZ4x0T017I/E/r5Xq6DTIKE9STTieLIpSBrWAoyhgh0qCNRsYgrCk5laIe0girE1gJROCO/3yLPGOqmdV9/a4XLvI0yiCXbAHKsAFJ6AGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YOUz2+APrM8fVx2Tag==</latexit><latexit sha1_base64="QmDL1LKnaCd3cHsKbnVOlScqN8s=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOpCKAriRqhgbKEJZTKdtEMnM2FmItRQ/BU3LlTc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpz8wuLS8Xl0srq2vqGvbl1r0QqMfGwYEI2Q6QIo5x4mmpGmokkKA4ZaYT9y5HfeCBSUcHv9CAhQYy6nEYUI22ktr3jJz0Kz+HNVUUfQl/EpIsO2nbZqTpjwFni5qQMctTb9pffETiNCdeYIaVarpPoIENSU8zIsOSniiQI91GXtAzlKCYqyMbXD+G+UTowEtIU13Cs/p7IUKzUIA5NZ4x0T017I/E/r5Xq6DTIKE9STTieLIpSBrWAoyhgh0qCNRsYgrCk5laIe0girE1gJROCO/3yLPGOqmdV9/a4XLvI0yiCXbAHKsAFJ6AGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YOUz2+APrM8fVx2Tag==</latexit><latexit sha1_base64="QmDL1LKnaCd3cHsKbnVOlScqN8s=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOpCKAriRqhgbKEJZTKdtEMnM2FmItRQ/BU3LlTc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpz8wuLS8Xl0srq2vqGvbl1r0QqMfGwYEI2Q6QIo5x4mmpGmokkKA4ZaYT9y5HfeCBSUcHv9CAhQYy6nEYUI22ktr3jJz0Kz+HNVUUfQl/EpIsO2nbZqTpjwFni5qQMctTb9pffETiNCdeYIaVarpPoIENSU8zIsOSniiQI91GXtAzlKCYqyMbXD+G+UTowEtIU13Cs/p7IUKzUIA5NZ4x0T017I/E/r5Xq6DTIKE9STTieLIpSBrWAoyhgh0qCNRsYgrCk5laIe0girE1gJROCO/3yLPGOqmdV9/a4XLvI0yiCXbAHKsAFJ6AGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YOUz2+APrM8fVx2Tag==</latexit><latexit sha1_base64="QmDL1LKnaCd3cHsKbnVOlScqN8s=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOpCKAriRqhgbKEJZTKdtEMnM2FmItRQ/BU3LlTc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpz8wuLS8Xl0srq2vqGvbl1r0QqMfGwYEI2Q6QIo5x4mmpGmokkKA4ZaYT9y5HfeCBSUcHv9CAhQYy6nEYUI22ktr3jJz0Kz+HNVUUfQl/EpIsO2nbZqTpjwFni5qQMctTb9pffETiNCdeYIaVarpPoIENSU8zIsOSniiQI91GXtAzlKCYqyMbXD+G+UTowEtIU13Cs/p7IUKzUIA5NZ4x0T017I/E/r5Xq6DTIKE9STTieLIpSBrWAoyhgh0qCNRsYgrCk5laIe0girE1gJROCO/3yLPGOqmdV9/a4XLvI0yiCXbAHKsAFJ6AGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YOUz2+APrM8fVx2Tag==</latexit><latexit sha1_base64="QmDL1LKnaCd3cHsKbnVOlScqN8s=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOpCKAriRqhgbKEJZTKdtEMnM2FmItRQ/BU3LlTc+iHu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpz8wuLS8Xl0srq2vqGvbl1r0QqMfGwYEI2Q6QIo5x4mmpGmokkKA4ZaYT9y5HfeCBSUcHv9CAhQYy6nEYUI22ktr3jJz0Kz+HNVUUfQl/EpIsO2nbZqTpjwFni5qQMctTb9pffETiNCdeYIaVarpPoIENSU8zIsOSniiQI91GXtAzlKCYqyMbXD+G+UTowEtIU13Cs/p7IUKzUIA5NZ4x0T017I/E/r5Xq6DTIKE9STTieLIpSBrWAoyhgh0qCNRsYgrCk5laIe0girE1gJROCO/3yLPGOqmdV9/a4XLvI0yiCXbAHKsAFJ6AGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YOUz2+APrM8fVx2Tag==</latexit>

{φ : MF †(φ) = τ∗, !∗}
<latexit sha1_base64="FnJsm412WMyyQ9timbNydixshWs=">AAACFnicbVDLSsNAFJ3Ud31VXboZLEIVKYkIPkAoCuJGqGBsoWnLzfQ2HZw8mJkIJfQv3PgrblyouBV3/o1JzcLXgQtnzrmXufe4keBKm+aHUZiYnJqemZ0rzi8sLi2XVlavVRhLhjYLRSibLigUPEBbcy2wGUkE3xXYcG9OM79xi1LxMLjSwwjbPngB73MGOpW6paqTONGAH12cdZweeB7KSvbeosc0cTTEne0dJ/TRg872yBkVu6WyWTXHoH+JlZMyyVHvlt6dXshiHwPNBCjVssxItxOQmjOBo6ITK4yA3YCHrZQG4KNqJ+O7RnQzVXq0H8q0Ak3H6veJBHylhr6bdvqgB+q3l4n/ea1Y9w/aCQ+iWGPAvj7qx4LqkGYh0R6XyLQYpgSY5OmulA1AAtNplFkI1u+T/xJ7t3pYtS73yrWTPI1Zsk42SIVYZJ/UyDmpE5swckceyBN5Nu6NR+PFeP1qLRj5zBr5AePtEymlnj0=</latexit><latexit sha1_base64="FnJsm412WMyyQ9timbNydixshWs=">AAACFnicbVDLSsNAFJ3Ud31VXboZLEIVKYkIPkAoCuJGqGBsoWnLzfQ2HZw8mJkIJfQv3PgrblyouBV3/o1JzcLXgQtnzrmXufe4keBKm+aHUZiYnJqemZ0rzi8sLi2XVlavVRhLhjYLRSibLigUPEBbcy2wGUkE3xXYcG9OM79xi1LxMLjSwwjbPngB73MGOpW6paqTONGAH12cdZweeB7KSvbeosc0cTTEne0dJ/TRg872yBkVu6WyWTXHoH+JlZMyyVHvlt6dXshiHwPNBCjVssxItxOQmjOBo6ITK4yA3YCHrZQG4KNqJ+O7RnQzVXq0H8q0Ak3H6veJBHylhr6bdvqgB+q3l4n/ea1Y9w/aCQ+iWGPAvj7qx4LqkGYh0R6XyLQYpgSY5OmulA1AAtNplFkI1u+T/xJ7t3pYtS73yrWTPI1Zsk42SIVYZJ/UyDmpE5swckceyBN5Nu6NR+PFeP1qLRj5zBr5AePtEymlnj0=</latexit><latexit sha1_base64="FnJsm412WMyyQ9timbNydixshWs=">AAACFnicbVDLSsNAFJ3Ud31VXboZLEIVKYkIPkAoCuJGqGBsoWnLzfQ2HZw8mJkIJfQv3PgrblyouBV3/o1JzcLXgQtnzrmXufe4keBKm+aHUZiYnJqemZ0rzi8sLi2XVlavVRhLhjYLRSibLigUPEBbcy2wGUkE3xXYcG9OM79xi1LxMLjSwwjbPngB73MGOpW6paqTONGAH12cdZweeB7KSvbeosc0cTTEne0dJ/TRg872yBkVu6WyWTXHoH+JlZMyyVHvlt6dXshiHwPNBCjVssxItxOQmjOBo6ITK4yA3YCHrZQG4KNqJ+O7RnQzVXq0H8q0Ak3H6veJBHylhr6bdvqgB+q3l4n/ea1Y9w/aCQ+iWGPAvj7qx4LqkGYh0R6XyLQYpgSY5OmulA1AAtNplFkI1u+T/xJ7t3pYtS73yrWTPI1Zsk42SIVYZJ/UyDmpE5swckceyBN5Nu6NR+PFeP1qLRj5zBr5AePtEymlnj0=</latexit><latexit sha1_base64="FnJsm412WMyyQ9timbNydixshWs=">AAACFnicbVDLSsNAFJ3Ud31VXboZLEIVKYkIPkAoCuJGqGBsoWnLzfQ2HZw8mJkIJfQv3PgrblyouBV3/o1JzcLXgQtnzrmXufe4keBKm+aHUZiYnJqemZ0rzi8sLi2XVlavVRhLhjYLRSibLigUPEBbcy2wGUkE3xXYcG9OM79xi1LxMLjSwwjbPngB73MGOpW6paqTONGAH12cdZweeB7KSvbeosc0cTTEne0dJ/TRg872yBkVu6WyWTXHoH+JlZMyyVHvlt6dXshiHwPNBCjVssxItxOQmjOBo6ITK4yA3YCHrZQG4KNqJ+O7RnQzVXq0H8q0Ak3H6veJBHylhr6bdvqgB+q3l4n/ea1Y9w/aCQ+iWGPAvj7qx4LqkGYh0R6XyLQYpgSY5OmulA1AAtNplFkI1u+T/xJ7t3pYtS73yrWTPI1Zsk42SIVYZJ/UyDmpE5swckceyBN5Nu6NR+PFeP1qLRj5zBr5AePtEymlnj0=</latexit>

MF (τ,ω)
<latexit sha1_base64="3K/vucUpsOxBw4eP3+DV1kkM7yE=">AAAB+HicbVDLSsNAFJ34rPUVdelmsAgVpCQiqLuiIG6ECsYWmlIm00k7dB5hZlIooX/ixoWKWz/FnX/jpM1CWw9cOJxzL/feEyWMauN5387S8srq2nppo7y5tb2z6+7tP2mZKkwCLJlUrQhpwqgggaGGkVaiCOIRI81oeJP7zRFRmkrxaMYJ6XDUFzSmGBkrdV33/rYaGpSehpKTPjopd92KV/OmgIvEL0gFFGh03a+wJ3HKiTCYIa3bvpeYToaUoZiRSTlMNUkQHqI+aVsqECe6k00vn8Bjq/RgLJUtYeBU/T2RIa71mEe2kyMz0PNeLv7ntVMTX3YyKpLUEIFni+KUQSNhHgPsUUWwYWNLEFbU3grxACmEjQ0rD8Gff3mRBGe1q5r/cF6pXxdplMAhOAJV4IMLUAd3oAECgMEIPINX8OZkzovz7nzMWpecYuYA/IHz+QMwdZJE</latexit><latexit sha1_base64="3K/vucUpsOxBw4eP3+DV1kkM7yE=">AAAB+HicbVDLSsNAFJ34rPUVdelmsAgVpCQiqLuiIG6ECsYWmlIm00k7dB5hZlIooX/ixoWKWz/FnX/jpM1CWw9cOJxzL/feEyWMauN5387S8srq2nppo7y5tb2z6+7tP2mZKkwCLJlUrQhpwqgggaGGkVaiCOIRI81oeJP7zRFRmkrxaMYJ6XDUFzSmGBkrdV33/rYaGpSehpKTPjopd92KV/OmgIvEL0gFFGh03a+wJ3HKiTCYIa3bvpeYToaUoZiRSTlMNUkQHqI+aVsqECe6k00vn8Bjq/RgLJUtYeBU/T2RIa71mEe2kyMz0PNeLv7ntVMTX3YyKpLUEIFni+KUQSNhHgPsUUWwYWNLEFbU3grxACmEjQ0rD8Gff3mRBGe1q5r/cF6pXxdplMAhOAJV4IMLUAd3oAECgMEIPINX8OZkzovz7nzMWpecYuYA/IHz+QMwdZJE</latexit><latexit sha1_base64="3K/vucUpsOxBw4eP3+DV1kkM7yE=">AAAB+HicbVDLSsNAFJ34rPUVdelmsAgVpCQiqLuiIG6ECsYWmlIm00k7dB5hZlIooX/ixoWKWz/FnX/jpM1CWw9cOJxzL/feEyWMauN5387S8srq2nppo7y5tb2z6+7tP2mZKkwCLJlUrQhpwqgggaGGkVaiCOIRI81oeJP7zRFRmkrxaMYJ6XDUFzSmGBkrdV33/rYaGpSehpKTPjopd92KV/OmgIvEL0gFFGh03a+wJ3HKiTCYIa3bvpeYToaUoZiRSTlMNUkQHqI+aVsqECe6k00vn8Bjq/RgLJUtYeBU/T2RIa71mEe2kyMz0PNeLv7ntVMTX3YyKpLUEIFni+KUQSNhHgPsUUWwYWNLEFbU3grxACmEjQ0rD8Gff3mRBGe1q5r/cF6pXxdplMAhOAJV4IMLUAd3oAECgMEIPINX8OZkzovz7nzMWpecYuYA/IHz+QMwdZJE</latexit><latexit sha1_base64="3K/vucUpsOxBw4eP3+DV1kkM7yE=">AAAB+HicbVDLSsNAFJ34rPUVdelmsAgVpCQiqLuiIG6ECsYWmlIm00k7dB5hZlIooX/ixoWKWz/FnX/jpM1CWw9cOJxzL/feEyWMauN5387S8srq2nppo7y5tb2z6+7tP2mZKkwCLJlUrQhpwqgggaGGkVaiCOIRI81oeJP7zRFRmkrxaMYJ6XDUFzSmGBkrdV33/rYaGpSehpKTPjopd92KV/OmgIvEL0gFFGh03a+wJ3HKiTCYIa3bvpeYToaUoZiRSTlMNUkQHqI+aVsqECe6k00vn8Bjq/RgLJUtYeBU/T2RIa71mEe2kyMz0PNeLv7ntVMTX3YyKpLUEIFni+KUQSNhHgPsUUWwYWNLEFbU3grxACmEjQ0rD8Gff3mRBGe1q5r/cF6pXxdplMAhOAJV4IMLUAd3oAECgMEIPINX8OZkzovz7nzMWpecYuYA/IHz+QMwdZJE</latexit>

φ = MF (τ∗, !∗)
<latexit sha1_base64="1YALKBeYDDUdMw460PA0n9qXQRI=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSxCLVISEdSDUBTEi1DB2EKTls122y7dTcLuRiihBy/+FS8eVLz6J7z5b9y0OWjrg4HHezPMzPMjRqWyrG8jt7C4tLySXy2srW9sbpnbO/cyjAUmDg5ZKJo+koTRgDiKKkaakSCI+4w0/OFl6jceiJA0DO7UKCIeR/2A9ihGSksds+hGAwrP4c1V2VUoblcO3ZCTPmpXDgods2RVrQngPLEzUgIZ6h3zy+2GOOYkUJghKVu2FSkvQUJRzMi44MaSRAgPUZ+0NA0QJ9JLJk+M4b5WurAXCl2BghP190SCuJQj7utOjtRAznqp+J/XilXv1EtoEMWKBHi6qBczqEKYJgK7VBCs2EgThAXVt0I8QAJhpXNLQ7BnX54nzlH1rGrfHpdqF1kaeVAEe6AMbHACauAa1IEDMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AHaHZXc</latexit><latexit sha1_base64="1YALKBeYDDUdMw460PA0n9qXQRI=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSxCLVISEdSDUBTEi1DB2EKTls122y7dTcLuRiihBy/+FS8eVLz6J7z5b9y0OWjrg4HHezPMzPMjRqWyrG8jt7C4tLySXy2srW9sbpnbO/cyjAUmDg5ZKJo+koTRgDiKKkaakSCI+4w0/OFl6jceiJA0DO7UKCIeR/2A9ihGSksds+hGAwrP4c1V2VUoblcO3ZCTPmpXDgods2RVrQngPLEzUgIZ6h3zy+2GOOYkUJghKVu2FSkvQUJRzMi44MaSRAgPUZ+0NA0QJ9JLJk+M4b5WurAXCl2BghP190SCuJQj7utOjtRAznqp+J/XilXv1EtoEMWKBHi6qBczqEKYJgK7VBCs2EgThAXVt0I8QAJhpXNLQ7BnX54nzlH1rGrfHpdqF1kaeVAEe6AMbHACauAa1IEDMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AHaHZXc</latexit><latexit sha1_base64="1YALKBeYDDUdMw460PA0n9qXQRI=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSxCLVISEdSDUBTEi1DB2EKTls122y7dTcLuRiihBy/+FS8eVLz6J7z5b9y0OWjrg4HHezPMzPMjRqWyrG8jt7C4tLySXy2srW9sbpnbO/cyjAUmDg5ZKJo+koTRgDiKKkaakSCI+4w0/OFl6jceiJA0DO7UKCIeR/2A9ihGSksds+hGAwrP4c1V2VUoblcO3ZCTPmpXDgods2RVrQngPLEzUgIZ6h3zy+2GOOYkUJghKVu2FSkvQUJRzMi44MaSRAgPUZ+0NA0QJ9JLJk+M4b5WurAXCl2BghP190SCuJQj7utOjtRAznqp+J/XilXv1EtoEMWKBHi6qBczqEKYJgK7VBCs2EgThAXVt0I8QAJhpXNLQ7BnX54nzlH1rGrfHpdqF1kaeVAEe6AMbHACauAa1IEDMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AHaHZXc</latexit><latexit sha1_base64="1YALKBeYDDUdMw460PA0n9qXQRI=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSxCLVISEdSDUBTEi1DB2EKTls122y7dTcLuRiihBy/+FS8eVLz6J7z5b9y0OWjrg4HHezPMzPMjRqWyrG8jt7C4tLySXy2srW9sbpnbO/cyjAUmDg5ZKJo+koTRgDiKKkaakSCI+4w0/OFl6jceiJA0DO7UKCIeR/2A9ihGSksds+hGAwrP4c1V2VUoblcO3ZCTPmpXDgods2RVrQngPLEzUgIZ6h3zy+2GOOYkUJghKVu2FSkvQUJRzMi44MaSRAgPUZ+0NA0QJ9JLJk+M4b5WurAXCl2BghP190SCuJQj7utOjtRAznqp+J/XilXv1EtoEMWKBHi6qBczqEKYJgK7VBCs2EgThAXVt0I8QAJhpXNLQ7BnX54nzlH1rGrfHpdqF1kaeVAEe6AMbHACauAa1IEDMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AHaHZXc</latexit>

rL∗<latexit sha1_base64="sUfkT8bzae7kRy/3PZjj6Omhufk=">AAAB/XicbVBNS8NAFNz4WetXVDx5CRZBPJREBPVW9OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxWv/g9v/hs3bQ7aOrAwzLzHm50wZVQq2/42FhaXlldWa2v19Y3NrW1zZ/dBJpnAxMUJS0Q3BEkY5cRVVDHSTQWBOGSkE46uS7/zSISkCb9X45T4MQw4jSgGpaXA3Pc4hAy8GNQQA8tviyA/KQKzYTftCax54lSkgSq0A/PL6yc4iwlXmIGUPcdOlZ+DUBQzUtS9TJIU8AgGpKcph5hIP5/EL6wjrfStKBH6cWVN1N8bOcRSjuNQT5Yx5axXiv95vUxFF35OeZopwvH0UJQxSyVW2YXVp4JgxcaaABZUZ7XwEARgpRur6xKc2S/PE/e0edl07s4arauqjRo6QIfoGDnoHLXQDWojF2GUo2f0it6MJ+PFeDc+pqMLRrWzh/7A+PwB52uVpg==</latexit><latexit sha1_base64="sUfkT8bzae7kRy/3PZjj6Omhufk=">AAAB/XicbVBNS8NAFNz4WetXVDx5CRZBPJREBPVW9OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxWv/g9v/hs3bQ7aOrAwzLzHm50wZVQq2/42FhaXlldWa2v19Y3NrW1zZ/dBJpnAxMUJS0Q3BEkY5cRVVDHSTQWBOGSkE46uS7/zSISkCb9X45T4MQw4jSgGpaXA3Pc4hAy8GNQQA8tviyA/KQKzYTftCax54lSkgSq0A/PL6yc4iwlXmIGUPcdOlZ+DUBQzUtS9TJIU8AgGpKcph5hIP5/EL6wjrfStKBH6cWVN1N8bOcRSjuNQT5Yx5axXiv95vUxFF35OeZopwvH0UJQxSyVW2YXVp4JgxcaaABZUZ7XwEARgpRur6xKc2S/PE/e0edl07s4arauqjRo6QIfoGDnoHLXQDWojF2GUo2f0it6MJ+PFeDc+pqMLRrWzh/7A+PwB52uVpg==</latexit><latexit sha1_base64="sUfkT8bzae7kRy/3PZjj6Omhufk=">AAAB/XicbVBNS8NAFNz4WetXVDx5CRZBPJREBPVW9OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxWv/g9v/hs3bQ7aOrAwzLzHm50wZVQq2/42FhaXlldWa2v19Y3NrW1zZ/dBJpnAxMUJS0Q3BEkY5cRVVDHSTQWBOGSkE46uS7/zSISkCb9X45T4MQw4jSgGpaXA3Pc4hAy8GNQQA8tviyA/KQKzYTftCax54lSkgSq0A/PL6yc4iwlXmIGUPcdOlZ+DUBQzUtS9TJIU8AgGpKcph5hIP5/EL6wjrfStKBH6cWVN1N8bOcRSjuNQT5Yx5axXiv95vUxFF35OeZopwvH0UJQxSyVW2YXVp4JgxcaaABZUZ7XwEARgpRur6xKc2S/PE/e0edl07s4arauqjRo6QIfoGDnoHLXQDWojF2GUo2f0it6MJ+PFeDc+pqMLRrWzh/7A+PwB52uVpg==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="j5ScpSEvBTJkyMOclLuKg8XfJ/8=">AAAB8nicbVBNS8NAFHzxs9aqVfDkJVgE8VASL+pN8OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxV/jDf/jZu2B20dWBhm3uPNTpRxprTjfFsrq2vrG5u1rfp2Y2d3r7nfeFRpLgn1SMpT2YtQUc4E9TTTnPYySTGJOO1G45vK7z5RqVgqHvQko0GCQ8FiRlAbKWwe+gIjjn6CekSQF3dlWJyVYbPltJ0p7GXizkkL5uiEzS9/kJI8oUITjkr1XSfTQYFSM8JpWfdzRTMkYxzSvqECE6qCYhq/tE+MMrDjVJontD1Vf28UmCg1SSIzWcVUi14l/uf1cx1fBgUTWa6pILNDcc5tndpVF/aASUo0nxiCRDKT1SYjlEi0aaxuSnAXv7xMvPP2Vdu9d6AGR3AMp+DCBVzDLXTAAwIFvMAbvFvP1qv1MWtrxZrXdgB/YH3+AHdzlD4=</latexit><latexit sha1_base64="j5ScpSEvBTJkyMOclLuKg8XfJ/8=">AAAB8nicbVBNS8NAFHzxs9aqVfDkJVgE8VASL+pN8OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxV/jDf/jZu2B20dWBhm3uPNTpRxprTjfFsrq2vrG5u1rfp2Y2d3r7nfeFRpLgn1SMpT2YtQUc4E9TTTnPYySTGJOO1G45vK7z5RqVgqHvQko0GCQ8FiRlAbKWwe+gIjjn6CekSQF3dlWJyVYbPltJ0p7GXizkkL5uiEzS9/kJI8oUITjkr1XSfTQYFSM8JpWfdzRTMkYxzSvqECE6qCYhq/tE+MMrDjVJontD1Vf28UmCg1SSIzWcVUi14l/uf1cx1fBgUTWa6pILNDcc5tndpVF/aASUo0nxiCRDKT1SYjlEi0aaxuSnAXv7xMvPP2Vdu9d6AGR3AMp+DCBVzDLXTAAwIFvMAbvFvP1qv1MWtrxZrXdgB/YH3+AHdzlD4=</latexit><latexit sha1_base64="pZmoEPmBr9KfplwZTg7pnf8bKCE=">AAAB/XicbVBNS8NAFNzUr1q/ouLJS7AI4qEkXtRb0YsHDxWMLTQhvGw37dLNJuxuhBIC/hUvHlS8+j+8+W/ctDlo68DCMPMeb3bClFGpbPvbqC0tr6yu1dcbG5tb2zvm7t6DTDKBiYsTloheCJIwyomrqGKklwoCcchINxxfl373kQhJE36vJinxYxhyGlEMSkuBeeBxCBl4MagRBpbfFkF+WgRm027ZU1iLxKlIE1XoBOaXN0hwFhOuMAMp+46dKj8HoShmpGh4mSQp4DEMSV9TDjGRfj6NX1jHWhlYUSL048qaqr83coilnMShnixjynmvFP/z+pmKLvyc8jRThOPZoShjlkqssgtrQAXBik00ASyozmrhEQjASjfW0CU4819eJO5Z67Ll3NnN9lXVRh0doiN0ghx0jtroBnWQizDK0TN6RW/Gk/FivBsfs9GaUe3soz8wPn8A5iuVog==</latexit><latexit sha1_base64="sUfkT8bzae7kRy/3PZjj6Omhufk=">AAAB/XicbVBNS8NAFNz4WetXVDx5CRZBPJREBPVW9OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxWv/g9v/hs3bQ7aOrAwzLzHm50wZVQq2/42FhaXlldWa2v19Y3NrW1zZ/dBJpnAxMUJS0Q3BEkY5cRVVDHSTQWBOGSkE46uS7/zSISkCb9X45T4MQw4jSgGpaXA3Pc4hAy8GNQQA8tviyA/KQKzYTftCax54lSkgSq0A/PL6yc4iwlXmIGUPcdOlZ+DUBQzUtS9TJIU8AgGpKcph5hIP5/EL6wjrfStKBH6cWVN1N8bOcRSjuNQT5Yx5axXiv95vUxFF35OeZopwvH0UJQxSyVW2YXVp4JgxcaaABZUZ7XwEARgpRur6xKc2S/PE/e0edl07s4arauqjRo6QIfoGDnoHLXQDWojF2GUo2f0it6MJ+PFeDc+pqMLRrWzh/7A+PwB52uVpg==</latexit><latexit sha1_base64="sUfkT8bzae7kRy/3PZjj6Omhufk=">AAAB/XicbVBNS8NAFNz4WetXVDx5CRZBPJREBPVW9OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxWv/g9v/hs3bQ7aOrAwzLzHm50wZVQq2/42FhaXlldWa2v19Y3NrW1zZ/dBJpnAxMUJS0Q3BEkY5cRVVDHSTQWBOGSkE46uS7/zSISkCb9X45T4MQw4jSgGpaXA3Pc4hAy8GNQQA8tviyA/KQKzYTftCax54lSkgSq0A/PL6yc4iwlXmIGUPcdOlZ+DUBQzUtS9TJIU8AgGpKcph5hIP5/EL6wjrfStKBH6cWVN1N8bOcRSjuNQT5Yx5axXiv95vUxFF35OeZopwvH0UJQxSyVW2YXVp4JgxcaaABZUZ7XwEARgpRur6xKc2S/PE/e0edl07s4arauqjRo6QIfoGDnoHLXQDWojF2GUo2f0it6MJ+PFeDc+pqMLRrWzh/7A+PwB52uVpg==</latexit><latexit sha1_base64="sUfkT8bzae7kRy/3PZjj6Omhufk=">AAAB/XicbVBNS8NAFNz4WetXVDx5CRZBPJREBPVW9OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxWv/g9v/hs3bQ7aOrAwzLzHm50wZVQq2/42FhaXlldWa2v19Y3NrW1zZ/dBJpnAxMUJS0Q3BEkY5cRVVDHSTQWBOGSkE46uS7/zSISkCb9X45T4MQw4jSgGpaXA3Pc4hAy8GNQQA8tviyA/KQKzYTftCax54lSkgSq0A/PL6yc4iwlXmIGUPcdOlZ+DUBQzUtS9TJIU8AgGpKcph5hIP5/EL6wjrfStKBH6cWVN1N8bOcRSjuNQT5Yx5axXiv95vUxFF35OeZopwvH0UJQxSyVW2YXVp4JgxcaaABZUZ7XwEARgpRur6xKc2S/PE/e0edl07s4arauqjRo6QIfoGDnoHLXQDWojF2GUo2f0it6MJ+PFeDc+pqMLRrWzh/7A+PwB52uVpg==</latexit><latexit sha1_base64="sUfkT8bzae7kRy/3PZjj6Omhufk=">AAAB/XicbVBNS8NAFNz4WetXVDx5CRZBPJREBPVW9OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxWv/g9v/hs3bQ7aOrAwzLzHm50wZVQq2/42FhaXlldWa2v19Y3NrW1zZ/dBJpnAxMUJS0Q3BEkY5cRVVDHSTQWBOGSkE46uS7/zSISkCb9X45T4MQw4jSgGpaXA3Pc4hAy8GNQQA8tviyA/KQKzYTftCax54lSkgSq0A/PL6yc4iwlXmIGUPcdOlZ+DUBQzUtS9TJIU8AgGpKcph5hIP5/EL6wjrfStKBH6cWVN1N8bOcRSjuNQT5Yx5axXiv95vUxFF35OeZopwvH0UJQxSyVW2YXVp4JgxcaaABZUZ7XwEARgpRur6xKc2S/PE/e0edl07s4arauqjRo6QIfoGDnoHLXQDWojF2GUo2f0it6MJ+PFeDc+pqMLRrWzh/7A+PwB52uVpg==</latexit><latexit sha1_base64="sUfkT8bzae7kRy/3PZjj6Omhufk=">AAAB/XicbVBNS8NAFNz4WetXVDx5CRZBPJREBPVW9OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxWv/g9v/hs3bQ7aOrAwzLzHm50wZVQq2/42FhaXlldWa2v19Y3NrW1zZ/dBJpnAxMUJS0Q3BEkY5cRVVDHSTQWBOGSkE46uS7/zSISkCb9X45T4MQw4jSgGpaXA3Pc4hAy8GNQQA8tviyA/KQKzYTftCax54lSkgSq0A/PL6yc4iwlXmIGUPcdOlZ+DUBQzUtS9TJIU8AgGpKcph5hIP5/EL6wjrfStKBH6cWVN1N8bOcRSjuNQT5Yx5axXiv95vUxFF35OeZopwvH0UJQxSyVW2YXVp4JgxcaaABZUZ7XwEARgpRur6xKc2S/PE/e0edl07s4arauqjRo6QIfoGDnoHLXQDWojF2GUo2f0it6MJ+PFeDc+pqMLRrWzh/7A+PwB52uVpg==</latexit><latexit sha1_base64="sUfkT8bzae7kRy/3PZjj6Omhufk=">AAAB/XicbVBNS8NAFNz4WetXVDx5CRZBPJREBPVW9OLBQwVjC00IL9tNu3SzCbsboYSAf8WLBxWv/g9v/hs3bQ7aOrAwzLzHm50wZVQq2/42FhaXlldWa2v19Y3NrW1zZ/dBJpnAxMUJS0Q3BEkY5cRVVDHSTQWBOGSkE46uS7/zSISkCb9X45T4MQw4jSgGpaXA3Pc4hAy8GNQQA8tviyA/KQKzYTftCax54lSkgSq0A/PL6yc4iwlXmIGUPcdOlZ+DUBQzUtS9TJIU8AgGpKcph5hIP5/EL6wjrfStKBH6cWVN1N8bOcRSjuNQT5Yx5axXiv95vUxFF35OeZopwvH0UJQxSyVW2YXVp4JgxcaaABZUZ7XwEARgpRur6xKc2S/PE/e0edl07s4arauqjRo6QIfoGDnoHLXQDWojF2GUo2f0it6MJ+PFeDc+pqMLRrWzh/7A+PwB52uVpg==</latexit>

rLOP
<latexit sha1_base64="qvZii/XCHEE3DaM7z3aCrB7FfxA=">AAAB/nicbVBNS8NAFNzUr1q/ooIXL8EieCqJCOqt6MWDYAVjC00IL9tNu3SzCbsbocQc/CtePKh49Xd489+4bXPQ1oGFYeY93uyEKaNS2fa3UVlYXFpeqa7W1tY3NrfM7Z17mWQCExcnLBGdECRhlBNXUcVIJxUE4pCRdji8HPvtByIkTfidGqXEj6HPaUQxKC0F5p7HIWTgxaAGGFh+XQT5TasIzLrdsCew5olTkjoq0QrML6+X4CwmXGEGUnYdO1V+DkJRzEhR8zJJUsBD6JOuphxiIv18kr+wDrXSs6JE6MeVNVF/b+QQSzmKQz05zilnvbH4n9fNVHTm55SnmSIcTw9FGbNUYo3LsHpUEKzYSBPAguqsFh6AAKx0ZTVdgjP75XniHjfOG87tSb15UbZRRfvoAB0hB52iJrpCLeQijB7RM3pFb8aT8WK8Gx/T0YpR7uyiPzA+fwDF9ZYl</latexit><latexit sha1_base64="qvZii/XCHEE3DaM7z3aCrB7FfxA=">AAAB/nicbVBNS8NAFNzUr1q/ooIXL8EieCqJCOqt6MWDYAVjC00IL9tNu3SzCbsbocQc/CtePKh49Xd489+4bXPQ1oGFYeY93uyEKaNS2fa3UVlYXFpeqa7W1tY3NrfM7Z17mWQCExcnLBGdECRhlBNXUcVIJxUE4pCRdji8HPvtByIkTfidGqXEj6HPaUQxKC0F5p7HIWTgxaAGGFh+XQT5TasIzLrdsCew5olTkjoq0QrML6+X4CwmXGEGUnYdO1V+DkJRzEhR8zJJUsBD6JOuphxiIv18kr+wDrXSs6JE6MeVNVF/b+QQSzmKQz05zilnvbH4n9fNVHTm55SnmSIcTw9FGbNUYo3LsHpUEKzYSBPAguqsFh6AAKx0ZTVdgjP75XniHjfOG87tSb15UbZRRfvoAB0hB52iJrpCLeQijB7RM3pFb8aT8WK8Gx/T0YpR7uyiPzA+fwDF9ZYl</latexit><latexit sha1_base64="qvZii/XCHEE3DaM7z3aCrB7FfxA=">AAAB/nicbVBNS8NAFNzUr1q/ooIXL8EieCqJCOqt6MWDYAVjC00IL9tNu3SzCbsbocQc/CtePKh49Xd489+4bXPQ1oGFYeY93uyEKaNS2fa3UVlYXFpeqa7W1tY3NrfM7Z17mWQCExcnLBGdECRhlBNXUcVIJxUE4pCRdji8HPvtByIkTfidGqXEj6HPaUQxKC0F5p7HIWTgxaAGGFh+XQT5TasIzLrdsCew5olTkjoq0QrML6+X4CwmXGEGUnYdO1V+DkJRzEhR8zJJUsBD6JOuphxiIv18kr+wDrXSs6JE6MeVNVF/b+QQSzmKQz05zilnvbH4n9fNVHTm55SnmSIcTw9FGbNUYo3LsHpUEKzYSBPAguqsFh6AAKx0ZTVdgjP75XniHjfOG87tSb15UbZRRfvoAB0hB52iJrpCLeQijB7RM3pFb8aT8WK8Gx/T0YpR7uyiPzA+fwDF9ZYl</latexit><latexit sha1_base64="qvZii/XCHEE3DaM7z3aCrB7FfxA=">AAAB/nicbVBNS8NAFNzUr1q/ooIXL8EieCqJCOqt6MWDYAVjC00IL9tNu3SzCbsbocQc/CtePKh49Xd489+4bXPQ1oGFYeY93uyEKaNS2fa3UVlYXFpeqa7W1tY3NrfM7Z17mWQCExcnLBGdECRhlBNXUcVIJxUE4pCRdji8HPvtByIkTfidGqXEj6HPaUQxKC0F5p7HIWTgxaAGGFh+XQT5TasIzLrdsCew5olTkjoq0QrML6+X4CwmXGEGUnYdO1V+DkJRzEhR8zJJUsBD6JOuphxiIv18kr+wDrXSs6JE6MeVNVF/b+QQSzmKQz05zilnvbH4n9fNVHTm55SnmSIcTw9FGbNUYo3LsHpUEKzYSBPAguqsFh6AAKx0ZTVdgjP75XniHjfOG87tSb15UbZRRfvoAB0hB52iJrpCLeQijB7RM3pFb8aT8WK8Gx/T0YpR7uyiPzA+fwDF9ZYl</latexit>

rLMF
<latexit sha1_base64="6/kJYARU7PMVfNAyOhb3BNztLWc=">AAAB/nicbVBNS8NAFNz4WetXVPDiJVgETyURQb0VBfGgUMHYQhPCy3bbLt1swu5GKDEH/4oXDype/R3e/Ddu2hy0dWBhmHmPNzthwqhUtv1tzM0vLC4tV1aqq2vrG5vm1va9jFOBiYtjFot2CJIwyomrqGKknQgCUchIKxxeFH7rgQhJY36nRgnxI+hz2qMYlJYCc9fjEDLwIlADDCy7zoPs5jIPzJpdt8ewZolTkhoq0QzML68b4zQiXGEGUnYcO1F+BkJRzEhe9VJJEsBD6JOOphwiIv1snD+3DrTStXqx0I8ra6z+3sggknIUhXqyyCmnvUL8z+ukqnfqZ5QnqSIcTw71Umap2CrKsLpUEKzYSBPAguqsFh6AAKx0ZVVdgjP95VniHtXP6s7tca1xXrZRQXtoHx0iB52gBrpCTeQijB7RM3pFb8aT8WK8Gx+T0Tmj3NlBf2B8/gCzw5YZ</latexit><latexit sha1_base64="6/kJYARU7PMVfNAyOhb3BNztLWc=">AAAB/nicbVBNS8NAFNz4WetXVPDiJVgETyURQb0VBfGgUMHYQhPCy3bbLt1swu5GKDEH/4oXDype/R3e/Ddu2hy0dWBhmHmPNzthwqhUtv1tzM0vLC4tV1aqq2vrG5vm1va9jFOBiYtjFot2CJIwyomrqGKknQgCUchIKxxeFH7rgQhJY36nRgnxI+hz2qMYlJYCc9fjEDLwIlADDCy7zoPs5jIPzJpdt8ewZolTkhoq0QzML68b4zQiXGEGUnYcO1F+BkJRzEhe9VJJEsBD6JOOphwiIv1snD+3DrTStXqx0I8ra6z+3sggknIUhXqyyCmnvUL8z+ukqnfqZ5QnqSIcTw71Umap2CrKsLpUEKzYSBPAguqsFh6AAKx0ZVVdgjP95VniHtXP6s7tca1xXrZRQXtoHx0iB52gBrpCTeQijB7RM3pFb8aT8WK8Gx+T0Tmj3NlBf2B8/gCzw5YZ</latexit><latexit sha1_base64="6/kJYARU7PMVfNAyOhb3BNztLWc=">AAAB/nicbVBNS8NAFNz4WetXVPDiJVgETyURQb0VBfGgUMHYQhPCy3bbLt1swu5GKDEH/4oXDype/R3e/Ddu2hy0dWBhmHmPNzthwqhUtv1tzM0vLC4tV1aqq2vrG5vm1va9jFOBiYtjFot2CJIwyomrqGKknQgCUchIKxxeFH7rgQhJY36nRgnxI+hz2qMYlJYCc9fjEDLwIlADDCy7zoPs5jIPzJpdt8ewZolTkhoq0QzML68b4zQiXGEGUnYcO1F+BkJRzEhe9VJJEsBD6JOOphwiIv1snD+3DrTStXqx0I8ra6z+3sggknIUhXqyyCmnvUL8z+ukqnfqZ5QnqSIcTw71Umap2CrKsLpUEKzYSBPAguqsFh6AAKx0ZVVdgjP95VniHtXP6s7tca1xXrZRQXtoHx0iB52gBrpCTeQijB7RM3pFb8aT8WK8Gx+T0Tmj3NlBf2B8/gCzw5YZ</latexit><latexit sha1_base64="6/kJYARU7PMVfNAyOhb3BNztLWc=">AAAB/nicbVBNS8NAFNz4WetXVPDiJVgETyURQb0VBfGgUMHYQhPCy3bbLt1swu5GKDEH/4oXDype/R3e/Ddu2hy0dWBhmHmPNzthwqhUtv1tzM0vLC4tV1aqq2vrG5vm1va9jFOBiYtjFot2CJIwyomrqGKknQgCUchIKxxeFH7rgQhJY36nRgnxI+hz2qMYlJYCc9fjEDLwIlADDCy7zoPs5jIPzJpdt8ewZolTkhoq0QzML68b4zQiXGEGUnYcO1F+BkJRzEhe9VJJEsBD6JOOphwiIv1snD+3DrTStXqx0I8ra6z+3sggknIUhXqyyCmnvUL8z+ukqnfqZ5QnqSIcTw71Umap2CrKsLpUEKzYSBPAguqsFh6AAKx0ZVVdgjP95VniHtXP6s7tca1xXrZRQXtoHx0iB52gBrpCTeQijB7RM3pFb8aT8WK8Gx+T0Tmj3NlBf2B8/gCzw5YZ</latexit>

{φ : LOF (φ) ≤ ǫ}
<latexit sha1_base64="uUhOIpv32UJ4xMkZMvy/PQjCn/4=">AAACF3icbVBNS8NAEN34WetX1KOXxSLUS01E8ONUFMSDYAVrC00Im+20XbrZxN2NUEJ+hhf/ihcPKl715r8xaXvQ1gcDj/dmmJnnR5wpbVnfxszs3PzCYmGpuLyyurZubmzeqTCWFOo05KFs+kQBZwLqmmkOzUgCCXwODb9/nvuNB5CKheJWDyJwA9IVrMMo0ZnkmftO4kQ9doqdgOgeJTy5Sr3k+iIt5/IedjjcYwcixXgonLTomSWrYg2Bp4k9JiU0Rs0zv5x2SOMAhKacKNWyrUi7CZGaUQ5p0YkVRIT2SRdaGRUkAOUmw8dSvJspbdwJZVZC46H6eyIhgVKDwM868/PVpJeL/3mtWHeO3YSJKNYg6GhRJ+ZYhzhPCbeZBKr5ICOESpbdimmPSEJ1lmUegj358jSpH1ROKvbNYal6Nk6jgLbRDiojGx2hKrpENVRHFD2iZ/SK3own48V4Nz5GrTPGeGYL/YHx+QNf9J+O</latexit><latexit sha1_base64="uUhOIpv32UJ4xMkZMvy/PQjCn/4=">AAACF3icbVBNS8NAEN34WetX1KOXxSLUS01E8ONUFMSDYAVrC00Im+20XbrZxN2NUEJ+hhf/ihcPKl715r8xaXvQ1gcDj/dmmJnnR5wpbVnfxszs3PzCYmGpuLyyurZubmzeqTCWFOo05KFs+kQBZwLqmmkOzUgCCXwODb9/nvuNB5CKheJWDyJwA9IVrMMo0ZnkmftO4kQ9doqdgOgeJTy5Sr3k+iIt5/IedjjcYwcixXgonLTomSWrYg2Bp4k9JiU0Rs0zv5x2SOMAhKacKNWyrUi7CZGaUQ5p0YkVRIT2SRdaGRUkAOUmw8dSvJspbdwJZVZC46H6eyIhgVKDwM868/PVpJeL/3mtWHeO3YSJKNYg6GhRJ+ZYhzhPCbeZBKr5ICOESpbdimmPSEJ1lmUegj358jSpH1ROKvbNYal6Nk6jgLbRDiojGx2hKrpENVRHFD2iZ/SK3own48V4Nz5GrTPGeGYL/YHx+QNf9J+O</latexit><latexit sha1_base64="uUhOIpv32UJ4xMkZMvy/PQjCn/4=">AAACF3icbVBNS8NAEN34WetX1KOXxSLUS01E8ONUFMSDYAVrC00Im+20XbrZxN2NUEJ+hhf/ihcPKl715r8xaXvQ1gcDj/dmmJnnR5wpbVnfxszs3PzCYmGpuLyyurZubmzeqTCWFOo05KFs+kQBZwLqmmkOzUgCCXwODb9/nvuNB5CKheJWDyJwA9IVrMMo0ZnkmftO4kQ9doqdgOgeJTy5Sr3k+iIt5/IedjjcYwcixXgonLTomSWrYg2Bp4k9JiU0Rs0zv5x2SOMAhKacKNWyrUi7CZGaUQ5p0YkVRIT2SRdaGRUkAOUmw8dSvJspbdwJZVZC46H6eyIhgVKDwM868/PVpJeL/3mtWHeO3YSJKNYg6GhRJ+ZYhzhPCbeZBKr5ICOESpbdimmPSEJ1lmUegj358jSpH1ROKvbNYal6Nk6jgLbRDiojGx2hKrpENVRHFD2iZ/SK3own48V4Nz5GrTPGeGYL/YHx+QNf9J+O</latexit><latexit sha1_base64="uUhOIpv32UJ4xMkZMvy/PQjCn/4=">AAACF3icbVBNS8NAEN34WetX1KOXxSLUS01E8ONUFMSDYAVrC00Im+20XbrZxN2NUEJ+hhf/ihcPKl715r8xaXvQ1gcDj/dmmJnnR5wpbVnfxszs3PzCYmGpuLyyurZubmzeqTCWFOo05KFs+kQBZwLqmmkOzUgCCXwODb9/nvuNB5CKheJWDyJwA9IVrMMo0ZnkmftO4kQ9doqdgOgeJTy5Sr3k+iIt5/IedjjcYwcixXgonLTomSWrYg2Bp4k9JiU0Rs0zv5x2SOMAhKacKNWyrUi7CZGaUQ5p0YkVRIT2SRdaGRUkAOUmw8dSvJspbdwJZVZC46H6eyIhgVKDwM868/PVpJeL/3mtWHeO3YSJKNYg6GhRJ+ZYhzhPCbeZBKr5ICOESpbdimmPSEJ1lmUegj358jSpH1ROKvbNYal6Nk6jgLbRDiojGx2hKrpENVRHFD2iZ/SK3own48V4Nz5GrTPGeGYL/YHx+QNf9J+O</latexit>
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Direct
<latexit sha1_base64="UTaQHsHYNOyL/DhwNL1rNwaVCyU=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KokI6q2oB48VjC20oWy2k3bp5sPdSbGE/g4vHlS8+me8+W/cpjlo64OBx3szzMzzEyk02va3tbS8srq2Xtoob25t7+xW9vYfdJwqDi6PZaxaPtMgRQQuCpTQShSw0JfQ9IfXU785AqVFHN3jOAEvZP1IBIIzNJLXQXjC7EYo4DjpVqp2zc5BF4lTkCop0OhWvjq9mKchRMgl07rt2Al6GVMouIRJuZNqSBgfsj60DY1YCNrL8qMn9NgoPRrEylSENFd/T2Qs1Hoc+qYzZDjQ895U/M9rpxhceJmIkhQh4rNFQSopxnSaAO3l38qxIYwrYW6lfMAU42hyKpsQnPmXF4l7WrusOXdn1fpVkUaJHJIjckIcck7q5JY0iEs4eSTP5JW8WSPrxXq3PmatS1Yxc0D+wPr8AbmLkkQ=</latexit><latexit sha1_base64="UTaQHsHYNOyL/DhwNL1rNwaVCyU=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KokI6q2oB48VjC20oWy2k3bp5sPdSbGE/g4vHlS8+me8+W/cpjlo64OBx3szzMzzEyk02va3tbS8srq2Xtoob25t7+xW9vYfdJwqDi6PZaxaPtMgRQQuCpTQShSw0JfQ9IfXU785AqVFHN3jOAEvZP1IBIIzNJLXQXjC7EYo4DjpVqp2zc5BF4lTkCop0OhWvjq9mKchRMgl07rt2Al6GVMouIRJuZNqSBgfsj60DY1YCNrL8qMn9NgoPRrEylSENFd/T2Qs1Hoc+qYzZDjQ895U/M9rpxhceJmIkhQh4rNFQSopxnSaAO3l38qxIYwrYW6lfMAU42hyKpsQnPmXF4l7WrusOXdn1fpVkUaJHJIjckIcck7q5JY0iEs4eSTP5JW8WSPrxXq3PmatS1Yxc0D+wPr8AbmLkkQ=</latexit><latexit sha1_base64="UTaQHsHYNOyL/DhwNL1rNwaVCyU=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KokI6q2oB48VjC20oWy2k3bp5sPdSbGE/g4vHlS8+me8+W/cpjlo64OBx3szzMzzEyk02va3tbS8srq2Xtoob25t7+xW9vYfdJwqDi6PZaxaPtMgRQQuCpTQShSw0JfQ9IfXU785AqVFHN3jOAEvZP1IBIIzNJLXQXjC7EYo4DjpVqp2zc5BF4lTkCop0OhWvjq9mKchRMgl07rt2Al6GVMouIRJuZNqSBgfsj60DY1YCNrL8qMn9NgoPRrEylSENFd/T2Qs1Hoc+qYzZDjQ895U/M9rpxhceJmIkhQh4rNFQSopxnSaAO3l38qxIYwrYW6lfMAU42hyKpsQnPmXF4l7WrusOXdn1fpVkUaJHJIjckIcck7q5JY0iEs4eSTP5JW8WSPrxXq3PmatS1Yxc0D+wPr8AbmLkkQ=</latexit><latexit sha1_base64="UTaQHsHYNOyL/DhwNL1rNwaVCyU=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KokI6q2oB48VjC20oWy2k3bp5sPdSbGE/g4vHlS8+me8+W/cpjlo64OBx3szzMzzEyk02va3tbS8srq2Xtoob25t7+xW9vYfdJwqDi6PZaxaPtMgRQQuCpTQShSw0JfQ9IfXU785AqVFHN3jOAEvZP1IBIIzNJLXQXjC7EYo4DjpVqp2zc5BF4lTkCop0OhWvjq9mKchRMgl07rt2Al6GVMouIRJuZNqSBgfsj60DY1YCNrL8qMn9NgoPRrEylSENFd/T2Qs1Hoc+qYzZDjQ895U/M9rpxhceJmIkhQh4rNFQSopxnSaAO3l38qxIYwrYW6lfMAU42hyKpsQnPmXF4l7WrusOXdn1fpVkUaJHJIjckIcck7q5JY0iEs4eSTP5JW8WSPrxXq3PmatS1Yxc0D+wPr8AbmLkkQ=</latexit>

LOF
<latexit sha1_base64="h009SLq5kxJASUM2ReSBm9YCu38=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KgngQrGBsoQ1hs922SzebsLsplJB/4sWDild/ijf/jZs2B60OLAwz7/FmJ0w4U9pxvqzK0vLK6lp1vbaxubW9Y+/uPao4lYR6JOax7IRYUc4E9TTTnHYSSXEUctoOx1eF355QqVgsHvQ0oX6Eh4INGMHaSIFt9yKsRwTz7DYPsrvrPLDrTsOZAf0lbknqUKIV2J+9fkzSiApNOFaq6zqJ9jMsNSOc5rVeqmiCyRgPaddQgSOq/GyWPEdHRumjQSzNExrN1J8bGY6UmkahmSxyqkWvEP/zuqkenPsZE0mqqSDzQ4OUIx2jogbUZ5ISzaeGYCKZyYrICEtMtCmrZkpwF7/8l3gnjYuGe39ab16WbVThAA7hGFw4gybcQAs8IDCBJ3iBVyuznq03630+WrHKnX34BevjGx4uk4U=</latexit><latexit sha1_base64="h009SLq5kxJASUM2ReSBm9YCu38=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KgngQrGBsoQ1hs922SzebsLsplJB/4sWDild/ijf/jZs2B60OLAwz7/FmJ0w4U9pxvqzK0vLK6lp1vbaxubW9Y+/uPao4lYR6JOax7IRYUc4E9TTTnHYSSXEUctoOx1eF355QqVgsHvQ0oX6Eh4INGMHaSIFt9yKsRwTz7DYPsrvrPLDrTsOZAf0lbknqUKIV2J+9fkzSiApNOFaq6zqJ9jMsNSOc5rVeqmiCyRgPaddQgSOq/GyWPEdHRumjQSzNExrN1J8bGY6UmkahmSxyqkWvEP/zuqkenPsZE0mqqSDzQ4OUIx2jogbUZ5ISzaeGYCKZyYrICEtMtCmrZkpwF7/8l3gnjYuGe39ab16WbVThAA7hGFw4gybcQAs8IDCBJ3iBVyuznq03630+WrHKnX34BevjGx4uk4U=</latexit><latexit sha1_base64="h009SLq5kxJASUM2ReSBm9YCu38=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KgngQrGBsoQ1hs922SzebsLsplJB/4sWDild/ijf/jZs2B60OLAwz7/FmJ0w4U9pxvqzK0vLK6lp1vbaxubW9Y+/uPao4lYR6JOax7IRYUc4E9TTTnHYSSXEUctoOx1eF355QqVgsHvQ0oX6Eh4INGMHaSIFt9yKsRwTz7DYPsrvrPLDrTsOZAf0lbknqUKIV2J+9fkzSiApNOFaq6zqJ9jMsNSOc5rVeqmiCyRgPaddQgSOq/GyWPEdHRumjQSzNExrN1J8bGY6UmkahmSxyqkWvEP/zuqkenPsZE0mqqSDzQ4OUIx2jogbUZ5ISzaeGYCKZyYrICEtMtCmrZkpwF7/8l3gnjYuGe39ab16WbVThAA7hGFw4gybcQAs8IDCBJ3iBVyuznq03630+WrHKnX34BevjGx4uk4U=</latexit><latexit sha1_base64="h009SLq5kxJASUM2ReSBm9YCu38=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCp5KIoN6KgngQrGBsoQ1hs922SzebsLsplJB/4sWDild/ijf/jZs2B60OLAwz7/FmJ0w4U9pxvqzK0vLK6lp1vbaxubW9Y+/uPao4lYR6JOax7IRYUc4E9TTTnHYSSXEUctoOx1eF355QqVgsHvQ0oX6Eh4INGMHaSIFt9yKsRwTz7DYPsrvrPLDrTsOZAf0lbknqUKIV2J+9fkzSiApNOFaq6zqJ9jMsNSOc5rVeqmiCyRgPaddQgSOq/GyWPEdHRumjQSzNExrN1J8bGY6UmkahmSxyqkWvEP/zuqkenPsZE0mqqSDzQ4OUIx2jogbUZ5ISzaeGYCKZyYrICEtMtCmrZkpwF7/8l3gnjYuGe39ab16WbVThAA7hGFw4gybcQAs8IDCBJ3iBVyuznq03630+WrHKnX34BevjGx4uk4U=</latexit>
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(a) Predict pose directly (b) Predict pose via flow space (c) losses comparison

Figure 2. Schematic interpretation of different loss functions. (a) Supervised training of direct models utilize a loss defined on camera pose

space. (b) Our approach defines losses on the space of pixel flows and considers losses that measure the distance to the true motion field, the

sub-space of possible ego-motion fields (blue), and its orthogonal complement (gray dashed). The model is also guided by photometric or

scene-flow consistency between input frames (yellow) (c) shows prediction error for supervised models trained with different combinations

of these losses and indicates that using losses defined in flow-space outperforms direct prediction of camera motion.

To infer the camera motion T given inverse depths ρ and

image velocities U , we use a least-squares estimate:

t∗,ω∗=argmin
t,ω

N
∑

i=1

w(xi)||v(xi)−
1

Z(xi)
A(xi)t+B(xi)!||

2

where w(xi) is a weighting function that models the relia-

bility of each pixel velocity in estimating the camera mo-

tion. The solution to this problem can be expressed in

closed from using the pseudo inverse of matrix Q. We de-

note the mapping from U to estimated camera motion as

T = MF †(ρ,U ,w).
In our model we utilize MF †(ρ,U ,w) to estimate cam-

era model and MF (ρ,T ) to resynthesize the resulting mo-

tion field. Both functions are differentiable with respect to

their inputs (in fact linear in U and T respectively) mak-

ing it straightforward and efficient to incorporate them into

a network that is trained end-to-end using gradient-based

methods.

3.2. Projecting optical flow onto ego­motion

Given the true motion field U , it is straight forward to

estimate the the true camera motion T ∗. In practice, the

motion must be estimated from image data which is often

ambiguous (e.g., due to lack of texture) and noisy. Typically

there is a large set of image flows that are photometrically

consistent from which we must select the true motion field.

Our architecture utilizes a CNN to generate an initial flow

estimate from image data, then uses MF †(ρ,U ,w) to fit

a camera motion and finally reconstructs the image motion

field corresponding to the camera motion. The composi-

tion of MF † and MF can be seen as a linear projection of

the initial flow estimate into the space of continuous motion

fields.

A key tenant of our approach is that it is a better match

to convolutional feature extractors to predict the ego mo-

tion field in the image domain (and subsequently estimate

camera motion) rather than attempting to directly regress

camera pose. In particular, this allows for richer loss func-

tions that guide the training of the network. We illustrate

this idea schematically for the case of supervised learning

in Figure 2. Panel (a) depicts the direct approach in terms

of a loss function whose gradient pulls the predicted pose

towards the true pose.

We display the relationship between optical flow, mo-

tion field and camera pose in Figure 2(b). Among all pos-

sible image flows φ, we indicate in yellow the set which

are photometrically valid (i.e., have a zero warping loss

LOF ≤ ǫ). The blue line indicates the 6-dimensional sub-

space consisting of those motion fields that can be gener-

ated by all possible camera velocities (conditioned on scene

depth). Introducing a loss on the camera pose (either di-

rectly on the prediction τ, !, or on the resynthesized mo-

tion field MF (τ, !) serves to pull the flow prediction to-

wards the orthogonal complement of this space (i.e., the set

{φ : MF †(φ) = τ∗, !∗} denoted by the gray vertical line).

Our approach allows the consideration of two other loss

functions that can provide additional guidance. When su-

pervision is available, we can utilize a loss which directly

measures the distance between the predicted flow and the

true motion field (L∗ in the figure). In the self-supervised

setting, we can approximate this with the photometric warp-

ing loss LOF . In either supervised or unsupervised settings,

we can include an orthogonal projection loss LOP , which

encourages the model to predict flows that are close to the

space of motion fields. In section , we describe how these

losses are computed and adapted to the unsupervised set-

ting.

While all of these losses are minimized in a perfect

model, Figure 2(c) shows that this choice of loss during

training has a substantial practical effect. In the supervised

setting, optimizing the direct loss in the camera pose space

(using generic fully connected layers), or in the flow space

(using our least-squares fitting) results in similar prediction

errors. However, adding the projection loss or directly min-

imizing the distance to the true motion field yields substan-



tially better predictions (i.e., halving average camera trans-

lation error).

3.3. Static and Dynamic Motion Layers

So far, our description has assumed a camera moving

through a single rigid scene. A standard approach to mod-

eling non-rigid scenes (e.g., due to relative motion of mul-

tiple dynamic objects in addition to ego-motion) is to split

the scene into a number of layers where each layer has a

separate motion model [39]. For example, Zhou et al. use

a binary “explainable mask” [44] to exclude outlying mo-

tions, and Vijayanarasimhan et al. segment images into K

regions based on motion [37]. However, in the later-case,

there is no distinction between object motion and ego mo-

tion making it inappropriate for odometry.

We use a similar strategy in order to separate motion

into two layers corresponding to static background and dy-

namic objects (outliers). We feed a pair of images and their

predicted optical flow into a u-net-like segmentation net-

work [28] to predict this separation which then defines the

weights used for camera motion estimation using pseudo

inverse function MF †(·) described in Section 3.1.

Consider a scene divided into K regions corresponding

to moving objects and rigid background. Let Segi(x) ∈
{0, 1} denote a mask that indicates the image support of re-

gion i and U i denote the corresponding rigid motion field

for that object considered in isolation. The composite mo-

tion field for the whole image U can be written as:

U =
K
∑

i

Segi · U
i,

In the odometry setting, we are only interested in the motion

of the camera relative to static background. We thus collect

any dynamic objects into a single motion field and consider

a single binary mask:

U(xi) ≈ Segs(xi)U
s + Segd(xi)U

d.

In our training with this segmentation network, we use the

approximated motion field U for the photometric warping

loss described below. For simplicity, we refer our single

layer model as CeMNet1 and dual layer model as CeMNet2

In Figure 3, we illustrate intermediate results demon-

strating how the 2 layer model can better estimate camera

motion in the presence of dynamic objects. Since the single

layer model cannot distinguish background and foreground,

the quality of predicted camera pose is bad. Excluding the

dynamic scene components from the camera motion esti-

mation provides substantially better pose estimation as seen

in panels (i) and (l) which show less photometric warping

error on the scene background relative to the single layer

model shown in (f).

(a) It (d) Optical Flow (g) Segdynamic (j) Segstatic

(b) It+1 (e) MFglobal (h) MFdynamic (k) MFstatic

(c) |It − It+δ|1 (f) |It − I
Wg
t |1 (i) |It − I

Wd
t |1 (l) |It − I

Ws
t |1

Figure 3. A sample result on a dynamic sequence from TUM [31].

From an input frame pair (a) and (b), NetOF predicts optical

flow (d). Both camera and object motion are visible in the frame

difference (c). A single motion field (e) is dominated by large ob-

ject motions and yields poor warping error (f), particularly on the

background. Our model includes a segmentation network Netseg

that divides the image into dynamic and static masks (g,j) and fits

corresponding motion fields (h,k). These provide better warping

error on the objects (i) and background (l) respectively.

Hard assignment to layers: Previous work such as [37]

uses a soft probabilistic prediction of layer membership

(i.e., using a softmax function to generate layer weights).

However, such an approach introduces degeneracy since it

can utilize weighted combinations of two motions to match

the flow (e.g., even in a completely rigid scene). We find

that using hard assignment of motions to layers yields su-

perior camera motion estimates. We utilize the “Gumbel

sampling trick” described in [36] to implement hard assign-

ment while still allowing differentiable end-to-end training

of both the flow and segment networks.

4. Training Losses

Losses for Self-supervision As described in Section 3.2,

there are several different losses which can be applied to

predicted flows. Here we adapt them to the self-supervised

setting. The basic building block is to check if a pre-

dicted flow is photometrically consistent with the input im-

age pairs.

For a given optical flow UOF and source image It+δ

then we can synthesize warped image IWOF

t and check if it

matches It. As described in [13], this type of spatial trans-

formation can be carried out in a differentiable framework

using bilinear interpolation:

IW
OF

t (xi) =
∑

i∈{t,b},j∈{l,r}

wijIt+δ(xi + UOF (xi)),

where wij denotes the bilinear weighting of the four

sample points. For simplicity, we write IW
OF

t (xi) =
W(It+δ,U

OF ) to denote the warping of It+δ using flow



(a) Translation Error (b) Rotation Error

Figure 4. Camera motion error on held-out test data as a function of training set size for TUM (top) and Virtual KITTI (Bottom) RGBD

datasets. The blue line denotes training a supervised model that can’t exploit unlabeled data. Introducing self-supervised warping losses

yields much better performance when either using only unsupervised training (yellow) or semi-supervised training (green). Surprisingly,

unsupervised training is actually competitive with supervised training for estimating rotation (b) but performs worse for translation (a).

UOF . We then define the self-supervised flow loss using

the photometric error over all pixels:

LOF =
N
∑

i=1

||It(xi)− IW
OF

t (xi)||1

This loss serves as an approximation of L2 when the pre-

dictions are far from the true motion field.

We can similarly apply warping loss is possible to the re-

constructed motion field rather than the initial prediction. If

the motion field we found is correct, then again, the warped

image should be matched with the target image. We can

build motion field loss by using motion-field warped image

IW
MF

t = W(It+δ,U
MF ) as:

LMF =

N
∑

i=1

Pt(xi)||It(xi)− IW
MF

t (xi)||1

where the mask Pt(xi) is 1 when the depth at xi is valid,

0 otherwise. This is necessary when using a depth sensor

which doesn’t provide depths at every image location. This

loss acts as a proxy for minimizing the camera motion esti-

mation error by lifting the prediction back to the flow space.

When we predict camera motion for static scene, we use the

global motion field, and for the dynamic scene, we use com-

posite motion field U .

Finally, we can utilize the orthogonal projection loss to

minimize the distance between predicted optical flow and

its projection onto the space of motion fields via:

LOP =

N
∑

i

||UOF − UMF ||1

(a) It (b) It+δ (c) Optical flow(d) Motion field (e) |It − I
WMF
t |1

Figure 5. Visualizations of our single layered model. Top three

rows come from TUM [31] dataset and bottom three come from

Virtual KITTI [6]. From the input images (a) and (b), the pre-

dicted flow, and recovered motion field are displayed in (c) and

(d) respectively. Since motion field is derived from camera pose

estimate, the error between It and motion field based warped im-

age I
WMF
t reflects the accuracy of predicted camera motion. If

the predicted camera pose and depth is ideal, then the error in (e)

should be zero.

By combining three above losses, we can define the final

self-supervised loss function

LFinal = λOFLOF + λMFLMF + λOPLOP ,

where λOF , λMF and λOP weigh relative importance (we

use 1, 0.1 and 0.1 respectively in our experiments).

Semi-supervision for symmetry breaking In our seg-

mentation network, we predict two layers corresponding to

static and dynamic parts. However, in the unsupervised set-

ting, the loss is symmetric with respect to which segment la-

bel is considered background. This symmetry problem can



Seq.
DVO-SLAM Kintinuous ElasticFusion ORB2 CeMNet(RGBD)

[16] [41] [40] [23]

fr1/desk 0.021 0.037 0.020 0.016 0.0089

fr1/desk2 0.046 0.071 0.048 0.022 0.0129

fr1/room 0.043 0.075 0.068 0.047 0.0071

fr2/xyz 0.018 0.029 0.011 0.004 0.0009

fr1/office 0.035 0.030 0.017 0.010 0.0041

fr1/nst 0.018 0.031 0.016 0.019 0.0117

fr1/360 0.092 - - - 0.0088

fr1/plant 0.025 - - - 0.0061

fr1/teddy 0.043 - - - 0.0139

Table 1. Relative translation error on TUM [31] static dataset.

Most of the methods in this table use RGBD frames camera for

pose prediction. Our model is trained without any supervised data.

interfere with training of the model and affect final perfor-

mance. To break this symmetry, we found it most effective

to utilize a small amount of supervised data where camera

motion is known. For the supervised data we use an ad-

ditional loss term on the camera motion estimated for the

background layer.

Our network predicts camera motion in an axis-angle

representation that includes translation part t ∈ R
3 and ro-

tation w ∈ R
3. For supervised loss, we treat these two

components separately in order to match the criteria typi-

cally used in benchmarking pose estimation performance.

Following [31], we compute the difference between

our predicted camera motion and the ground truth Qd =
(Qp)−1Qgt where Q ∈ R

4×4 and penalize the translation

and rotation components respectively by:

Ltrans = ||Qd
t ||2

Lrot = arccos

(

min

(

1,max

(

− 1,
T r(Qd

r)− 1

2

)))

5. Experimental Results

For the following experiments, we use the synthetic Vir-

tual KITTI dataset [6] depicting street scenes from a moving

car, and the TUM RGBD dataset [31] which has been used

to benchmark a variety of RGBD odometry algorithms. To

measure performance, we use relative pose error protocol

proposed in [31].

Self-supervised learning improves model performance:

To show the benefits of self-supervision, we assume that

only 10% of each dataset has ground-truth available. We use

11 different sequences from the TUM dataset as training,

choose a random ordering of frame pairs over the whole

dataset and train models with increasingly large subsets of

the data and test on a separate held-out collection of frames.

This allows us to evaluate the effect of growing the amount

of supervised/unsupervised training data in a consistent way

across models.

In Figure 4, we plot the relative translation/rotation er-

rors as a function of training data size. The supervised ver-

Seq.
TUM [31] SfM-Net [37] CeMNet(RGB)

Trans Rot Trans Rot Trans Rot

fr1/desk 0.008 0.495 0.012 0.848 0.0113 0.6315

fr1/desk2 0.099 0.61 0.012 0.974 0.0133 0.7548

fr1/360 0.099 0.474 0.009 1.123 0.0091 0.5455

fr1/plant 0.016 1.053 0.011 0.796 0.0083 0.5487

fr1/teddy 0.020 1.14 0.0123 0.877 0.0113 0.6460

Table 2. To compare our model to RGB odometry methods, we use

an off-the-shelf monocular depth estimator [18].

Training Testing

GT Depth GT Cam GT Depth Trans Rot

Geometric [14] - - 0.4579 0.3423

AIGN-SfM [35] X X 0.1247 0.3333

CeMNet(RGBD) X X 0.0878 0.0781

CeMNet(RGB) 0.0941 0.1079

Table 3. Relative pose error comparison using Virtual KITTI [6].

Both with (CeMNet(RGBD)) and without (CeMNet(RGB)) depth in-

puts, our models outperform previous methods.

sion of the model (CeM-Sup) can only be trained on the first

10% of the dataset and makes no use of the unsupervised

data. In this setting it outperforms the unsupervised model

(CeM-Unsup). However, as the amount of unsupervised

training data continues to grow, CeM-Unsup eventually out-

performs the supervised model. For a clear comparison, the

unsupervised losses are not used in training (CeM-Sup). We

also compare a model which uses both supervised and unsu-

pervised loss (CeM-SemiSup) which generally yields even

better performance. We note that because the real world

depth data in TUM is incomplete, limiting performance of

the supervised model while the supervised model shows ex-

pected decreasing errors on Virtual KITTI.

Motion field and warping: In Section 4, we describe how

a predicted camera pose is used to generate motion field and

used in the warping loss. In Figure 5, we plot the per-pixel

warping loss for several inputs. Left two (a-b) show the

input RGB frames, (c) shows predicted optical flow. (d) is

regenerated motion field. (e) shows differences between the

target image and warped image. Note that blue color means

lower differences between those two images.

Camera motion error comparison: To measure the qual-

ity of predicted camera pose, we compare our single layer

model (CeMNet) with previous RGBD SLAM methods on

the TUM dataset in Table 1. CeMNet(RGBD) shows the best

average performance among tested methods in terms of rel-

ative translation error. Several previous methods of interest,

including [44, 37] do not utilize depth as an input, instead

predicting it directly from input images.

For fair comparison, we also test our model with

predicted depth (CeMNet(RGB)) using off-the-shelf the

monocular depth prediction model introduced by Iro et

al. [18] which was trained using NYU Depth dataset



(a) It (b) Optical (c) MF (c) WE (d) Seg (e) MF (f) WE
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Figure 6. Intermediate results of two layered model for dynamic scene camera pose prediction. Without separating static and dynamic

components, it is difficult to get good camera motions (high error in (c)). However, as shown in (f), it is possible to predict camera motion

for background by fitting only the static segment (d).

Seq.
Baseline CeMNet1 CeMNet2 CeMNet2 (Semi)

Trans Rot Trans Rot Trans Rot Trans Rot

fr3/sit static 0.0134 0.5724 0.0025 0.1667 0.0016 0.1573 0.0010 0.1527

fr3/sit xyz 0.0179 0.7484 0.0070 0.2645 0.0068 0.2653 0.0064 0.2612

fr3/sit halfsph 0.0104 1.0135 0.0081 0.5272 0.0080 0.5820 0.0074 0.5552

fr3/walk static 0.0149 0.5703 0.0103 0.2107 0.0030 0.1610 0.0019 0.1583

fr3/walk xyz 0.0174 0.7952 0.0128 0.3338 0.0079 0.2915 0.0078 0.2921

fr3/walk halfsph 0.0166 0.9426 0.0147 0.4698 0.0107 0.4120 0.0102 0.3989

Table 4. Relative pose error comparison using TUM dynamic

dataset [31]. Generally, the two layered model shows better per-

formance than single layered model. Including a small amount of

supervision (CeMNet2(Semi)) yields equivalent or better perfor-

mance by breaking the symmetry of the unsupervised loss.

V2 [24]. We rescale the predictions by 0.9 to match the

range of depths in TUM (presumably due to differences in

focal length) but otherwise leave the model fixed. As shown

in Table 2, our method continues to outperform others in

terms of rotation and shows comparable translation errors.

Additionally, we show performance on the Virtual KITTI

dataset in Table 3. We specify how each method uses the

available ground truth depth and camera pose data available

for train and test. Using the true depth at test time results

in strong performance from our model. For fair compari-

son, we also evaluate our model using the monocular depth

prediction model of [9] trained with KITTI [8] dataset and

converted from the predicted disparity to depth1. The re-

sults show better performance than previous self-supervised

approaches even without using ground-truth depth.

Static/Dynamic segmentation: In Figure 6, we visualize

the results of breaking the input into static and dynamic

layers. From the RGB input pair at It (a) and It+δ , pre-

dicted optical flow is shown in (b). While single layered

model generates motion field using the complete flow, the

two layer model fits separate motions which segments mov-

ing objects and yields reduced warping error ((c) vs (f)),

1We use 0.54 as baseline distance and 725 for focal length

especially in the static background region.

We perform a quantitative comparison on the TUM dy-

namic dataset which includes both object and camera mo-

tion. The results results are shown in Table 4. While single

layered models such as the baseline direct prediction model

and CeMNet1 are sensitive to dynamic objects, two layered

model CeMNet2 shows less pose error. However, as noted

previously, the unsupervised loss suffers from a symmetry

as to which layer correspond to ego-motion. We evaluate

the use of a small amount of supervised data (10%) to break

this symmetry in the segmentation prediction network. This

yields the the lowest resulting motion errors across nearly

all test sequences.

6. Conclusion

In this paper, we have introduced a novel self-supervised

approach for ego-motion prediction that leverages a contin-

uous formulation of camera motion. This allows for linear

projection of flows into the space of motion fields and (dif-

ferentiable) end-to-end training. Compared to direct pre-

diction of camera motion (both our own baseline imple-

mentation and previously reported performance), this ap-

proach yields more accurate two-frame estimates of camera

motions for both RGBD and RGB odometry. Our model

exploits self-supervised training, allowing it to make effec-

tive use of “free” unsupervised data. Finally, by utilizing a

two-layer segmentation approach makes the model further

robust to the presence of dynamic objects in a scene which

otherwise interfere with accurate ego-motion estimation.
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