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Integral Human Pose Regression [Sun ECCV 2018] 
Microsoft Research https://arxiv.org/abs/1711.08229

Pose regression: approach I
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Integral Human Pose Regression [Sun ECCV 2018] 
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Joint regression:
• ConvNet directly estimates joint positions (2xN real numbers) 
• Straightforward learning directly minimize L2 loss over N joint 

positions (2D/3D).
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Pose regression: approach I
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• ConvNet first estimates N joint’s heat maps  
(i.e. N 2D-images) 

• Learning minimizes segmentation loss over the N images

Hk, k = 1 . . . N
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Joint segmentation:

cross-entropy loss

Pose regression: approach II 

https://arxiv.org/abs/1711.08229


• estimate joint position as position of heatmap maximum
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Joint segmentation:

cross-entropy loss
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(xk, yk) = argmax
x,y

Hk(x, y)

Pose regression: approach II 

https://arxiv.org/abs/1711.08229


• estimate joint position as position of heatmap maximum
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Joint segmentation:

cross-entropy loss
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Pose regression: approach II 
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OpenPose [Cao, TPAMI, 2019] 
https://arxiv.org/pdf/1812.08008.pdf

VGG-19
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<latexit sha1_base64="/8d0yxxiFQoWepP/B2hrGn6nwXI=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVKmiZkaIui4K4cFHBXqA3MmnGhmYuJGeEMswLuPFV3LhQxK17d76NmbaCtv4Q+PjPOeSc3wkFV2BZX0Zmbn5hcSm7nFtZXVvfMDe3aiqIJGVVGohANhyimOA+qwIHwRqhZMRzBKs7g4u0Xr9nUvHAv4VhyNoeufO5yykBbXXNvValzztQaHkE+o4bXyaH+Ievk04MR3Zy0DXzVtEaCc+CPYE8mqjSNT9bvYBGHvOBCqJU07ZCaMdEAqeCJblWpFhI6IDcsaZGn3hMtePRNQne104Pu4HUzwc8cn9PxMRTaug5ujNdVE3XUvO/WjMC96wdcz+MgPl0/JEbCQwBTqPBPS4ZBTHUQKjkeldM+0QSCjrAnA7Bnj55FmrHRfukWLop5cvnkziyaAftogKy0SkqoytUQVVE0QN6Qi/o1Xg0no03433cmjEmM9voj4yPb6hYm04=</latexit>

�t(F,Lt�1)

<latexit sha1_base64="8I6mRc0nNoB55tYhWuTeCwFB7Tw=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBIp6rLoxoWLCvYBbSyT6aQdOpmEmUmhhPyJGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFsrq2vrG5ulrfL2zu7evn1w2FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77N/faESsUi8ainMfVCPBQsYARrI/VtuxdiPfKD9D57SvW5m/XtilN1ZkDLxC1IBQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1m5lygaYzLGQ9o1VOCQKi+dJc/QqVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZZVOCu/jlZdK6qLqX1dpDrVK/KeoowTGcwBm4cAV1uIMGNIHABJ7hFd6s1Hqx3q2P+eiKVewcwR9Ynz92AZOO</latexit>

Lt�1
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OpenPose [Cao, TPAMI, 2019] 
https://arxiv.org/pdf/1812.08008.pdf

VGG-19
<latexit sha1_base64="RxVd52bHaENgbHnvOk4c9TtSwhM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqrn9+eV2nVeRxGO4BhOwYNLqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8ftC2Q8w==</latexit>

F
<latexit sha1_base64="/8d0yxxiFQoWepP/B2hrGn6nwXI=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVKmiZkaIui4K4cFHBXqA3MmnGhmYuJGeEMswLuPFV3LhQxK17d76NmbaCtv4Q+PjPOeSc3wkFV2BZX0Zmbn5hcSm7nFtZXVvfMDe3aiqIJGVVGohANhyimOA+qwIHwRqhZMRzBKs7g4u0Xr9nUvHAv4VhyNoeufO5yykBbXXNvValzztQaHkE+o4bXyaH+Ievk04MR3Zy0DXzVtEaCc+CPYE8mqjSNT9bvYBGHvOBCqJU07ZCaMdEAqeCJblWpFhI6IDcsaZGn3hMtePRNQne104Pu4HUzwc8cn9PxMRTaug5ujNdVE3XUvO/WjMC96wdcz+MgPl0/JEbCQwBTqPBPS4ZBTHUQKjkeldM+0QSCjrAnA7Bnj55FmrHRfukWLop5cvnkziyaAftogKy0SkqoytUQVVE0QN6Qi/o1Xg0no03433cmjEmM9voj4yPb6hYm04=</latexit>

�t(F,Lt�1)

<latexit sha1_base64="8I6mRc0nNoB55tYhWuTeCwFB7Tw=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBIp6rLoxoWLCvYBbSyT6aQdOpmEmUmhhPyJGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFsrq2vrG5ulrfL2zu7evn1w2FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77N/faESsUi8ainMfVCPBQsYARrI/VtuxdiPfKD9D57SvW5m/XtilN1ZkDLxC1IBQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1m5lygaYzLGQ9o1VOCQKi+dJc/QqVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZZVOCu/jlZdK6qLqX1dpDrVK/KeoowTGcwBm4cAV1uIMGNIHABJ7hFd6s1Hqx3q2P+eiKVewcwR9Ynz92AZOO</latexit>

Lt�1

<latexit sha1_base64="+hycNlMoQWZsYL7dpJp8TqBG7vo=">AAACHXicbVDJSgNBEO2JW4zbqEcvjUGIoGFGgnoMCKLgIWI2yEZPpydp0rPQXSOEYX7Ei7/ixYMiHryIf2NnEWL0QcOr96roqueEgiuwrC8jtbC4tLySXs2srW9sbpnbO1UVRJKyCg1EIOsOUUxwn1WAg2D1UDLiOYLVnMHFyK/dM6l44JdhGLKWR3o+dzkloKWOWWjKftCGXNMj0Hfc+DI5wj/8JmnH5Zn6TtdwbCeHHTNr5a0x8F9iT0kWTVHqmB/NbkAjj/lABVGqYVshtGIigVPBkkwzUiwkdEB6rKGpTzymWvH4ugQfaKWL3UDq5wMeq7MTMfGUGnqO7hwtqua9kfif14jAPW/F3A8jYD6dfORGAkOAR1HhLpeMghhqQqjkeldM+0QSCjrQjA7Bnj/5L6me5O3TfOG2kC1eT+NIoz20j3LIRmeoiK5QCVUQRQ/oCb2gV+PReDbejPdJa8qYzuyiXzA+vwF33aIs</latexit>

⇢t(F,LT ,St�1)
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OpenPose [Cao, TPAMI, 2019] 
https://arxiv.org/pdf/1812.08008.pdf

VGG-19
<latexit sha1_base64="RxVd52bHaENgbHnvOk4c9TtSwhM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqrn9+eV2nVeRxGO4BhOwYNLqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8ftC2Q8w==</latexit>

F
<latexit sha1_base64="/8d0yxxiFQoWepP/B2hrGn6nwXI=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVKmiZkaIui4K4cFHBXqA3MmnGhmYuJGeEMswLuPFV3LhQxK17d76NmbaCtv4Q+PjPOeSc3wkFV2BZX0Zmbn5hcSm7nFtZXVvfMDe3aiqIJGVVGohANhyimOA+qwIHwRqhZMRzBKs7g4u0Xr9nUvHAv4VhyNoeufO5yykBbXXNvValzztQaHkE+o4bXyaH+Ievk04MR3Zy0DXzVtEaCc+CPYE8mqjSNT9bvYBGHvOBCqJU07ZCaMdEAqeCJblWpFhI6IDcsaZGn3hMtePRNQne104Pu4HUzwc8cn9PxMRTaug5ujNdVE3XUvO/WjMC96wdcz+MgPl0/JEbCQwBTqPBPS4ZBTHUQKjkeldM+0QSCjrAnA7Bnj55FmrHRfukWLop5cvnkziyaAftogKy0SkqoytUQVVE0QN6Qi/o1Xg0no03433cmjEmM9voj4yPb6hYm04=</latexit>

�t(F,Lt�1)

<latexit sha1_base64="8I6mRc0nNoB55tYhWuTeCwFB7Tw=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBIp6rLoxoWLCvYBbSyT6aQdOpmEmUmhhPyJGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFsrq2vrG5ulrfL2zu7evn1w2FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77N/faESsUi8ainMfVCPBQsYARrI/VtuxdiPfKD9D57SvW5m/XtilN1ZkDLxC1IBQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1m5lygaYzLGQ9o1VOCQKi+dJc/QqVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZZVOCu/jlZdK6qLqX1dpDrVK/KeoowTGcwBm4cAV1uIMGNIHABJ7hFd6s1Hqx3q2P+eiKVewcwR9Ynz92AZOO</latexit>

Lt�1

<latexit sha1_base64="+hycNlMoQWZsYL7dpJp8TqBG7vo=">AAACHXicbVDJSgNBEO2JW4zbqEcvjUGIoGFGgnoMCKLgIWI2yEZPpydp0rPQXSOEYX7Ei7/ixYMiHryIf2NnEWL0QcOr96roqueEgiuwrC8jtbC4tLySXs2srW9sbpnbO1UVRJKyCg1EIOsOUUxwn1WAg2D1UDLiOYLVnMHFyK/dM6l44JdhGLKWR3o+dzkloKWOWWjKftCGXNMj0Hfc+DI5wj/8JmnH5Zn6TtdwbCeHHTNr5a0x8F9iT0kWTVHqmB/NbkAjj/lABVGqYVshtGIigVPBkkwzUiwkdEB6rKGpTzymWvH4ugQfaKWL3UDq5wMeq7MTMfGUGnqO7hwtqua9kfif14jAPW/F3A8jYD6dfORGAkOAR1HhLpeMghhqQqjkeldM+0QSCjrQjA7Bnj/5L6me5O3TfOG2kC1eT+NIoz20j3LIRmeoiK5QCVUQRQ/oCb2gV+PReDbejPdJa8qYzuyiXzA+vwF33aIs</latexit>

⇢t(F,LT ,St�1)

<latexit sha1_base64="jdmMu2AUejsalW1GGlz9zUBRuAw=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBIp6rLgRncV7QPaWCbTSTt0Mgkzk0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs8cP+ZMacf5tlZW19Y3Nktb5e2d3b19++CwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP77QmVikXiUU9j6oV4KFjACNZG6tt2L8R65AfpQ/aU6nM369sVp+rMgJaJW5AKFGj07a/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjpLnqFTowxQEEnzhEYz9fdGikOlpqFvJvOcatHLxf+8bqKDay9lIk40FWR+KEg40hHKa0ADJinRfGoIJpKZrIiMsMREm7LKpgR38cvLpHVRdS+rtftapX5X1FGCYziBM3DhCupwCw1oAoEJPMMrvFmp9WK9Wx/z0RWr2DmCP7A+fwCC6ZOc</latexit>

St�1
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OpenPose [Cao, TPAMI, 2019] 
https://arxiv.org/pdf/1812.08008.pdf

VGG-19
<latexit sha1_base64="RxVd52bHaENgbHnvOk4c9TtSwhM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqrn9+eV2nVeRxGO4BhOwYNLqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8ftC2Q8w==</latexit>

F
<latexit sha1_base64="/8d0yxxiFQoWepP/B2hrGn6nwXI=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVKmiZkaIui4K4cFHBXqA3MmnGhmYuJGeEMswLuPFV3LhQxK17d76NmbaCtv4Q+PjPOeSc3wkFV2BZX0Zmbn5hcSm7nFtZXVvfMDe3aiqIJGVVGohANhyimOA+qwIHwRqhZMRzBKs7g4u0Xr9nUvHAv4VhyNoeufO5yykBbXXNvValzztQaHkE+o4bXyaH+Ievk04MR3Zy0DXzVtEaCc+CPYE8mqjSNT9bvYBGHvOBCqJU07ZCaMdEAqeCJblWpFhI6IDcsaZGn3hMtePRNQne104Pu4HUzwc8cn9PxMRTaug5ujNdVE3XUvO/WjMC96wdcz+MgPl0/JEbCQwBTqPBPS4ZBTHUQKjkeldM+0QSCjrAnA7Bnj55FmrHRfukWLop5cvnkziyaAftogKy0SkqoytUQVVE0QN6Qi/o1Xg0no03433cmjEmM9voj4yPb6hYm04=</latexit>

�t(F,Lt�1)

<latexit sha1_base64="8I6mRc0nNoB55tYhWuTeCwFB7Tw=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBIp6rLoxoWLCvYBbSyT6aQdOpmEmUmhhPyJGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFsrq2vrG5ulrfL2zu7evn1w2FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77N/faESsUi8ainMfVCPBQsYARrI/VtuxdiPfKD9D57SvW5m/XtilN1ZkDLxC1IBQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1m5lygaYzLGQ9o1VOCQKi+dJc/QqVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZZVOCu/jlZdK6qLqX1dpDrVK/KeoowTGcwBm4cAV1uIMGNIHABJ7hFd6s1Hqx3q2P+eiKVewcwR9Ynz92AZOO</latexit>

Lt�1

<latexit sha1_base64="+hycNlMoQWZsYL7dpJp8TqBG7vo=">AAACHXicbVDJSgNBEO2JW4zbqEcvjUGIoGFGgnoMCKLgIWI2yEZPpydp0rPQXSOEYX7Ei7/ixYMiHryIf2NnEWL0QcOr96roqueEgiuwrC8jtbC4tLySXs2srW9sbpnbO1UVRJKyCg1EIOsOUUxwn1WAg2D1UDLiOYLVnMHFyK/dM6l44JdhGLKWR3o+dzkloKWOWWjKftCGXNMj0Hfc+DI5wj/8JmnH5Zn6TtdwbCeHHTNr5a0x8F9iT0kWTVHqmB/NbkAjj/lABVGqYVshtGIigVPBkkwzUiwkdEB6rKGpTzymWvH4ugQfaKWL3UDq5wMeq7MTMfGUGnqO7hwtqua9kfif14jAPW/F3A8jYD6dfORGAkOAR1HhLpeMghhqQqjkeldM+0QSCjrQjA7Bnj/5L6me5O3TfOG2kC1eT+NIoz20j3LIRmeoiK5QCVUQRQ/oCb2gV+PReDbejPdJa8qYzuyiXzA+vwF33aIs</latexit>

⇢t(F,LT ,St�1)

<latexit sha1_base64="jdmMu2AUejsalW1GGlz9zUBRuAw=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBIp6rLgRncV7QPaWCbTSTt0Mgkzk0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs8cP+ZMacf5tlZW19Y3Nktb5e2d3b19++CwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP77QmVikXiUU9j6oV4KFjACNZG6tt2L8R65AfpQ/aU6nM369sVp+rMgJaJW5AKFGj07a/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjpLnqFTowxQEEnzhEYz9fdGikOlpqFvJvOcatHLxf+8bqKDay9lIk40FWR+KEg40hHKa0ADJinRfGoIJpKZrIiMsMREm7LKpgR38cvLpHVRdS+rtftapX5X1FGCYziBM3DhCupwCw1oAoEJPMMrvFmp9WK9Wx/z0RWr2DmCP7A+fwCC6ZOc</latexit>

St�1

<latexit sha1_base64="qFkGw4uyyZeogUxA6O78K/6Qa5E="></latexit>X

c

X

p

kL⇤
c(p)� Lt�1

c (p)k22
<latexit sha1_base64="71VpRQCt4IRhowZ02A5roQLZzuc="></latexit>X

c

X

p

kS⇤
c(p)� St�1

c (p)k22+<latexit sha1_base64="6UJpAJVqnk9G/ebbcjxSSoKbo0g=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh4EbBRQX7gHYsmTTThiaZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7coKYM21c99spLC2vrK4V10sbm1vbO+XdvaaOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwegq81uPVGkWyXszjqkv8ECykBFsrPTQFdgMCebp7QRdol654lbdKdAi8XJSgRz1Xvmr249IIqg0hGOtO54bGz/FyjDC6aTUTTSNMRnhAe1YKrGg2k+nqSfoyCp9FEbKPmnQVP29kWKh9VgEdjJLqee9TPzP6yQmvPBTJuPEUElmh8KEIxOhrALUZ4oSw8eWYKKYzYrIECtMjC2qZEvw5r+8SJonVe+senp3Wqnd5HUU4QAO4Rg8OIcaXEMdGkBAwTO8wpvz5Lw4787HbLTg5Dv78AfO5w/AapIN</latexit>
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PoseTrack challenge (ICCV 2017/ECCV 2018)
https://posetrack.net
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Pose regression references
• PoseTrack benchmark a datasets 

 https://posetrack.net

• Realtime Multi-Person 2D Human Pose Estimation using Part Affinity Fields, CVPR 
2017 Oral 
https://www.youtube.com/watch?v=pW6nZXeWlGM

• Integral Human Pose Regression [Sun ECCV 2018] 
Microsoft Research  
https://arxiv.org/abs/1711.08229 
https://github.com/JimmySuen/integral-human-pose

• Guler et al. (Facebook Research), DensePose  
https://arxiv.org/abs/1802.00434 
https://github.com/facebookresearch/Densepose 
https://www.youtube.com/watch?v=EMjPqgLX14A&feature=youtu.be

22

https://posetrack.net
https://www.youtube.com/watch?v=pW6nZXeWlGM
https://arxiv.org/abs/1711.08229
https://github.com/JimmySuen/integral-human-pose
https://arxiv.org/abs/1802.00434
https://www.youtube.com/watch?v=EMjPqgLX14A&feature=youtu.be


Outline

• Architectures of classification networks 
• Architectures of segmentation networks 
• Architectures of regression networks 
• Architectures of detection networks 
• Architectures of feature matching networks
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Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

Pascal VOC object detection challenge
PASCAL VOC object detection
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Object detection

25



Object detection

person

car car

car
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Object detection
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Object detection

CNN
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class: person
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Object detection

CNN
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Object detection

CNN
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class: car
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Object detection

CNN
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Object detection

CNN
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class: background
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Object detection

CNN

classify all rectangles
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Object detection

• Approach works but it takes extremely long to compute response on all rectangular 
sub-windows:  
H x W x Aspect_Ratio x Scales x 0.001 sec = months 
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Object detection

CNN

classify all rectangles
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Object detection

CNN

classify + align only 2k 
 region proposals

[Girschick ICCV 2015] Fast-RCNN 
https://arxiv.org/abs/1504.08083

36
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Object detection

• Approach works but it takes extremely long to compute response on all rectangular 
sub-windows:  
H x W x Aspect_Ratio x Scales x 0.001 sec = months 

• Instead we can use elementary signal processing method to extract only 2k viable 
candidates:  
[Girschick ICCV 2015], Fast-RCNN 
https://arxiv.org/abs/1504.08083 
(find 2k cand.) + (2k cand. x 0.001 sec) = 47+2 sec = 49 sec

37
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Object detection

CNN

The selective search for region 
proposals is 

 computational bottleneck !!![Girschick ICCV 2015] Fast-RCNN 
https://arxiv.org/abs/1504.08083
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YOLO and Faster RCNN architectures

low resolution 
 feature map

• divide image into 3x3 sub images

F

39

p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3

CNN

• predict relative position, objectness, class for each sub-im

https://arxiv.org/abs/1506.01497

…

https://arxiv.org/abs/1506.01497


YOLO and Faster RCNN architectures

ground truth
low resolution 
 feature map

• divide image into 3x3 sub images

40

p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3

• learn from ground truth
• predict relative position, objectness, class for each sub-im

CNN

https://arxiv.org/abs/1506.01497

F

https://arxiv.org/abs/1506.01497
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ground truth
low resolution 
 feature map

• divide image into 3x3 sub images

41

p_object =1 
center_x=? 
center_y=? 
width   =? 
height =? 
p_class1=? 
p_class2=? 
p_class3=?

• predict relative position, objectness, class for each sub-im
• ground truth: bbs with IoU>0.7 are objects,  

                      bbs with IoU<0.3 not objects

CNN

YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497
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ground truth
low resolution 
 feature map

• divide image into 3x3 sub images

42

p_object =1 
center_x=.3 
center_y=.5 
width   =? 
height =? 
p_class1=? 
p_class2=? 
p_class3=?

• predict relative position, objectness, class for each sub-im
• ground truth: bbs with IoU>0.7 are objects,  

                      bbs with IoU<0.3 not objects

CNN

YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497
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ground truth
low resolution 
 feature map

• divide image into 3x3 sub images
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p_object =1 
center_x=.1 
center_y=.5 
width   =.7 
height =1.5 
p_class1=? 
p_class2=? 
p_class3=?

• predict relative position, objectness, class for each sub-im
• ground truth: bbs with IoU>0.7 are objects,  

                      bbs with IoU<0.3 not objects

CNN

YOLO and Faster RCNN architectures

F
Dokreslit souradny system

https://arxiv.org/abs/1506.01497
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ground truth
low resolution 
 feature map

• divide image into 3x3 sub images
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p_object =1 
center_x=.1 
center_y=.5 
width   =.7 
height =1.5 
p_class1=1 
p_class2=0 
p_class3=0

• predict relative position, objectness, class for each sub-im
• ground truth: bbs with IoU>0.7 are objects,  

                      bbs with IoU<0.3 not objects

CNN

YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497
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ground truth
low resolution 
 feature map

• divide image into 3x3 sub images

45

• predict relative position, objectness, class for each sub-im
• ground truth: bbs with IoU>0.7 are objects (or highest IoU with gt),  

                      bbs with IoU<0.3 not objects

p_object =0 
center_x=? 
center_y=? 
width   =? 
height =? 
p_class1=? 
p_class2=? 
p_class3=?

CNN

YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497


low resolution 
 feature map

• divide image into 3x3 sub images
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p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3

CNN

• predict relative position, objectness, class for each sub-im 
• each sub-image has its own output

https://arxiv.org/abs/1506.01497
YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497


low resolution 
 feature map

• divide image into 3x3 sub images
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p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3

CNN

• predict relative position, objectness, class for each sub-im 
• each sub-image has its own output

https://arxiv.org/abs/1506.01497

Do you see any problem?

YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497


low resolution 
 feature map

• divide image into 3x3 sub images
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p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3

CNN

• predict relative position, objectness, class for each sub-im 
• each sub-image has its own output

https://arxiv.org/abs/1506.01497

Do you see any problem?

YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497
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ground truth
low resolution 
 feature map

• divide image into 3x3 sub images

49

• predict relative position, objectness, class for each sub-im
• ground truth: bbs with IoU>0.7 are objects,  

                      bbs with IoU<0.3 not objects
=> more obj in  
      one sub-im

p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3

CNN

YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497
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ground truth
low resolution 
 feature map
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p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3
p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3

Introduce anchor bounding boxes

CNN

YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497
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ground truth
low resolution 
 feature map
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p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3

CNN

p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3

Introduce anchor bounding boxes
• for each anchor bb CNN predicts:  

• its “alignment with gt” (regression loss) 
• its “objectness”+”class” (classification loss)

YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497
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ground truth
low resolution 
 feature map
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p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3
p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3

Introduce anchor bounding boxes

CNN

• for each anchor bb CNN predicts:  
• its “alignment with gt” (regression loss) 
• its “objectness”+”class” (classification loss)

YOLO and Faster RCNN architectures

F

https://arxiv.org/abs/1506.01497


Object detection

• Approach works but it takes extremely long to compute response on all rectangular 
sub-windows:  
H x W x Aspect_Ratio x Scales x 0.001 sec = months 

• Instead we can use elementary signal processing method to extract only 2k viable 
candidates:  [Girschick ICCV 2015], Fast-RCNN https://arxiv.org/abs/1504.08083 
(find 2k cand.) + (2k cand. x 0.001 sec) = 47+2 sec = 49 sec

• Perform region proposal by CNN => 0.05-0.2 sec

53

[Faster RCNN 2017] https://arxiv.org/abs/1506.01497 (slower, works for smaller objs)
[Redmont CVPR 2018], https://arxiv.org/abs/1804.02767 (faster, small obj. problems)

https://arxiv.org/abs/1504.08083
https://arxiv.org/abs/1506.01497
https://arxiv.org/abs/1804.02767
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Deep convolutional - object detection

56

[Redmont CVPR 2018], https://arxiv.org/abs/1804.02767 
code: https://pjreddie.com/darknet/yolo/

https://arxiv.org/abs/1804.02767


YOLO and Faster RCNN architectures

low resolution 
 feature map

57

p_object 
center_x 
center_y 
width 
height 
p_class1 
p_class2 
p_class3 
segment. 
pose

CNN

https://arxiv.org/abs/1506.01497

[He et al CVPR 2017] Mask-RCNN  
https://arxiv.org/abs/1703.06870

F

https://arxiv.org/abs/1506.01497
https://arxiv.org/abs/1703.06870


Mask RCNN - results

58

[He et al CVPR 2017] Mask-RCNN  
https://arxiv.org/abs/1703.06870

https://arxiv.org/abs/1703.06870


Mask RCNN - results
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Outline

• Architectures of classification networks 
• Architectures of segmentation networks 
• Architectures of regression networks 
• Architectures of detection networks 
• Spatial Transformer networks 
• Architectures of feature matching networks
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theta

image

localization

Spatial Transformer networks [Jaderberg 2016]
https://arxiv.org/pdf/1506.02025.pdf

estimate parameters of 2D similarity transformation

https://arxiv.org/pdf/1506.02025.pdf
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theta affine_grid gridlocalization

torch.nn.functional.affine_grid(theta, size, align_corners=None) 

Spatial Transformer networks [Jaderberg 2016]
https://arxiv.org/pdf/1506.02025.pdf

image

estimate pixel-wise correspondences of  
the 2D similarity transformation

https://arxiv.org/pdf/1506.02025.pdf
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torch.nn.functional.affine_grid(theta, size, align_corners=None) 

theta affine_grid grid

image
grid_sample

torch.nn.functional.grid_sample(input, grid, mode='bilinear',  
                                                     padding_mode='zeros', align_corners=None)

localization

Spatial Transformer networks [Jaderberg 2016]
https://arxiv.org/pdf/1506.02025.pdf

image

https://arxiv.org/pdf/1506.02025.pdf
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torch.nn.functional.affine_grid(theta, size, align_corners=None) 

torch.nn.functional.grid_sample(input, grid, mode='bilinear',  
                                                     padding_mode='zeros', align_corners=None)

theta affine_grid grid

image
grid_sample

localization

Spatial Transformer networks [Jaderberg 2016]
https://arxiv.org/pdf/1506.02025.pdf

image

https://arxiv.org/pdf/1506.02025.pdf
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x

t aff g
x gri

loca

spatial transformer 
 net

CNN

classifier

Spatial Transformer networks [Jaderberg 2016]
https://arxiv.org/pdf/1506.02025.pdf

https://arxiv.org/pdf/1506.02025.pdf
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x

t aff g
x gri

loca

spatial transformer 
 net

CNN
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cross-entropy 
loss

L(w)
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Backpropagation learns also STN weights, which perform the most suitable 
transformation for the classification task

Spatial Transformer networks [Jaderberg 2016]
https://arxiv.org/pdf/1506.02025.pdf

https://arxiv.org/pdf/1506.02025.pdf


Spatial Transformer networks

67

https://pytorch.org/tutorials/intermediate/spatial_transformer_tutorial.html

https://pytorch.org/tutorials/intermediate/spatial_transformer_tutorial.html
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x

theta affine_grid grid

x
grid_sample

localization thetatheta

Spatial Transformer networks [Jaderberg 2016]
https://arxiv.org/pdf/1506.02025.pdf

How does the affine_grid works? 

https://arxiv.org/pdf/1506.02025.pdf
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x

theta affine_grid grid

x
grid_sample

localization thetatheta

Spatial Transformer networks [Jaderberg 2016]
https://arxiv.org/pdf/1506.02025.pdf

How does the affine_grid works? 

https://arxiv.org/pdf/1506.02025.pdf
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grid


x(m,n)
y(m,n)

�
=


cos(✓1) sin(✓1) ✓2
� sin(✓1) cos(✓1) ✓3

�2

4
m
n
1

3

5

<latexit sha1_base64="ahiwj86NSi6VConVG75r3iJ1Wgc="></latexit>

Can we translate image by 1 pixel up?

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4

1  1  1  1

<latexit sha1_base64="F1SstRATZTWwDwZvBN806C5UjPA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUkP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A2GOM9g==</latexit>n

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

Output arrays x(m,n) and y(m,n) say:  
where should we read the output (m,n)-pixel from the original image
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✓1 = 0

✓2 = 0

✓3 = 1
<latexit sha1_base64="NeqXbMnC2ykDjQ+B/kbm9CGNM4Q=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQplpi4+FUHTjsoJ9QGcYMmnahmYyQ3JHKKUf4cZfceNCEbcu3Pk3pu0g1nogcM6593JzTxALrsG2v6zM0vLK6lp2PbexubW9k9/da+goUZTVaSQi1QqIZoJLVgcOgrVixUgYCNYMBteTevOeKc0jeQfDmHkh6Une5ZSAsfz8iQt9BsR38CW2XTeXytK8LBvp5Px8wS7aU+BF4qSkgFLU/Pyn24loEjIJVBCt244dgzciCjgVbJxzE81iQgekx9qGShIy7Y2mR43xkXE6uBsp8yTgqft7YkRCrYdhYDpDAn39tzYx/6u1E+ieeyMu4wSYpLNF3URgiPAkIdzhilEQQ0MIVdz8FdM+UYSCyXEWwsUEpz8nL5JGqeiUi5XbSqF6lcaRRQfoEB0jB52hKrpBNVRHFD2gJ/SCXq1H69l6s95nrRkrndlHc7A+vgEWbZsw</latexit>

grid


x(m,n)
y(m,n)

�
=


cos(✓1) sin(✓1) ✓2
� sin(✓1) cos(✓1) ✓3

�2

4
m
n
1

3

5

<latexit sha1_base64="ahiwj86NSi6VConVG75r3iJ1Wgc="></latexit>

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4

1  1  1  1

<latexit sha1_base64="F1SstRATZTWwDwZvBN806C5UjPA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUkP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A2GOM9g==</latexit>n

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

Can we translate image by 1 pixel up?

Output arrays x(m,n) and y(m,n) say:  
where should we read the output (m,n)-pixel from the original image
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<latexit sha1_base64="NeqXbMnC2ykDjQ+B/kbm9CGNM4Q=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQplpi4+FUHTjsoJ9QGcYMmnahmYyQ3JHKKUf4cZfceNCEbcu3Pk3pu0g1nogcM6593JzTxALrsG2v6zM0vLK6lp2PbexubW9k9/da+goUZTVaSQi1QqIZoJLVgcOgrVixUgYCNYMBteTevOeKc0jeQfDmHkh6Une5ZSAsfz8iQt9BsR38CW2XTeXytK8LBvp5Px8wS7aU+BF4qSkgFLU/Pyn24loEjIJVBCt244dgzciCjgVbJxzE81iQgekx9qGShIy7Y2mR43xkXE6uBsp8yTgqft7YkRCrYdhYDpDAn39tzYx/6u1E+ieeyMu4wSYpLNF3URgiPAkIdzhilEQQ0MIVdz8FdM+UYSCyXEWwsUEpz8nL5JGqeiUi5XbSqF6lcaRRQfoEB0jB52hKrpBNVRHFD2gJ/SCXq1H69l6s95nrRkrndlHc7A+vgEWbZsw</latexit>

grid

<latexit sha1_base64="6aHCv8gxdTnNtBsH/dUC0lq6Qyc="></latexit>
x(m,n)
y(m,n)

�
=


1 0 0
0 1 1

�2
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n
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3

5

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4

1  1  1  1

<latexit sha1_base64="F1SstRATZTWwDwZvBN806C5UjPA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUkP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A2GOM9g==</latexit>n

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

?
x(m,n) =

<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

?

Can we translate image by 1 pixel up?

Output arrays x(m,n) and y(m,n) say:  
where should we read the output (m,n)-pixel from the original image



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

75

affine_grid

th
et

a

✓1 = 0

✓2 = 0

✓3 = 1
<latexit sha1_base64="NeqXbMnC2ykDjQ+B/kbm9CGNM4Q=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQplpi4+FUHTjsoJ9QGcYMmnahmYyQ3JHKKUf4cZfceNCEbcu3Pk3pu0g1nogcM6593JzTxALrsG2v6zM0vLK6lp2PbexubW9k9/da+goUZTVaSQi1QqIZoJLVgcOgrVixUgYCNYMBteTevOeKc0jeQfDmHkh6Une5ZSAsfz8iQt9BsR38CW2XTeXytK8LBvp5Px8wS7aU+BF4qSkgFLU/Pyn24loEjIJVBCt244dgzciCjgVbJxzE81iQgekx9qGShIy7Y2mR43xkXE6uBsp8yTgqft7YkRCrYdhYDpDAn39tzYx/6u1E+ieeyMu4wSYpLNF3URgiPAkIdzhilEQQ0MIVdz8FdM+UYSCyXEWwsUEpz8nL5JGqeiUi5XbSqF6lcaRRQfoEB0jB52hKrpBNVRHFD2gJ/SCXq1H69l6s95nrRkrndlHc7A+vgEWbZsw</latexit>

grid

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

<latexit sha1_base64="6aHCv8gxdTnNtBsH/dUC0lq6Qyc="></latexit>
x(m,n)
y(m,n)

�
=


1 0 0
0 1 1

�2

4
m
n
1

3

5

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4

1  1  1  1

<latexit sha1_base64="F1SstRATZTWwDwZvBN806C5UjPA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUkP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A2GOM9g==</latexit>n

Can we translate image by 1 pixel up?

Output arrays x(m,n) and y(m,n) say:  
where should we read the output (m,n)-pixel from the original image

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1 2



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5
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✓1 = 0

✓2 = 0

✓3 = 1
<latexit sha1_base64="NeqXbMnC2ykDjQ+B/kbm9CGNM4Q=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQplpi4+FUHTjsoJ9QGcYMmnahmYyQ3JHKKUf4cZfceNCEbcu3Pk3pu0g1nogcM6593JzTxALrsG2v6zM0vLK6lp2PbexubW9k9/da+goUZTVaSQi1QqIZoJLVgcOgrVixUgYCNYMBteTevOeKc0jeQfDmHkh6Une5ZSAsfz8iQt9BsR38CW2XTeXytK8LBvp5Px8wS7aU+BF4qSkgFLU/Pyn24loEjIJVBCt244dgzciCjgVbJxzE81iQgekx9qGShIy7Y2mR43xkXE6uBsp8yTgqft7YkRCrYdhYDpDAn39tzYx/6u1E+ieeyMu4wSYpLNF3URgiPAkIdzhilEQQ0MIVdz8FdM+UYSCyXEWwsUEpz8nL5JGqeiUi5XbSqF6lcaRRQfoEB0jB52hKrpBNVRHFD2gJ/SCXq1H69l6s95nrRkrndlHc7A+vgEWbZsw</latexit>

grid

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

<latexit sha1_base64="6aHCv8gxdTnNtBsH/dUC0lq6Qyc="></latexit>
x(m,n)
y(m,n)

�
=


1 0 0
0 1 1

�2

4
m
n
1

3

5

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4

1  1  1  1

<latexit sha1_base64="F1SstRATZTWwDwZvBN806C5UjPA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUkP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A2GOM9g==</latexit>n

Can we translate image by 1 pixel up?

Output arrays x(m,n) and y(m,n) say:  
where should we read the output (m,n)-pixel from the original image
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Spatial Transformer networks [Jaderberg 2016]
https://arxiv.org/pdf/1506.02025.pdf

How does the affine_grid works? image

https://arxiv.org/pdf/1506.02025.pdf


<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

m = 1
<latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit> ?
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<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

u
<latexit sha1_base64="/QHpBKwW8go9bEaPUvbWxZMWiD4=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUaDyy3oxWMCZoFkCD2dStKmZ6G7RwhDvsCLB0W8+kne/Bt7JoOo8UHB470qqup5keBK2/antbS8srq2Xtgobm5t7+yW9vZbKowlwyYLRSg7HlUoeIBNzbXATiSR+p7Atje5Sf32A0rFw+BOTyN0fToK+JAzqo3UiPulsl2xM5BF4uSkDDnq/dJHbxCy2MdAM0GV6jp2pN2ESs2ZwFmxFyuMKJvQEXYNDaiPyk2yQ2fk2CgDMgylqUCTTP05kVBfqanvmU6f6rH666Xif1431sNLN+FBFGsM2HzRMBZEhyT9mgy4RKbF1BDKJDe3EjamkjJtsilmIVylOP9+eZG0TivOWaXaqJZr13kcBTiEIzgBBy6gBrdQhyYwQHiEZ3ix7q0n69V6m7cuWfnMAfyC9f4F+seNMQ==</latexit>

v
<latexit sha1_base64="M+UDXZr3WQ1C3G3rVKQOXYe/6ko=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHbRXGkkKLhjyUXY8o4ExASzPNoRtJIIHHoeNNblO/MwWpWCju9SwCNyAjwXxGiTZSczooV+yqnQEvEycnFZSjMSh/9IchjQMQmnKiVM+xI+0mRGpGOcxL/VhBROiEjKBnqCABKDfJDp3jE6MMsR9KU0LjTP05kZBAqVngmc6A6LH666Xif14v1v6VmzARxRoEXSzyY451iNOv8ZBJoJrPDCFUMnMrpmMiCdUmm1IWwnWKi++Xl0n7rOqcV2vNWqV+k8dRREfoGJ0iB12iOrpDDdRCFAF6RM/oxXqwnqxX623RWrDymUP0C9b7F/xLjTI=</latexit>

input image
(x, y)

<latexit sha1_base64="wkW6S2L2p+6D4ZG08IHnAV12mms=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBEqSEm0+HErevFYwbSFNpTNdtMu3WzC7kYMob/BiwdFvPqDvPlv3KRB1Ppg4PHeDDPzvIhRqSzr01hYXFpeWS2tldc3Nre2Kzu7bRnGAhMHhywUXQ9JwignjqKKkW4kCAo8Rjre5DrzO/dESBryO5VExA3QiFOfYqS05NQejpOjQaVq1a0c5jyxC1KFAq1B5aM/DHEcEK4wQ1L2bCtSboqEopiRabkfSxIhPEEj0tOUo4BIN82PnZqHWhmafih0cWXm6s+JFAVSJoGnOwOkxvKvl4n/eb1Y+RduSnkUK8LxbJEfM1OFZva5OaSCYMUSTRAWVN9q4jESCCudTzkP4TLD2ffL86R9UrdP643bRrV5VcRRgn04gBrYcA5NuIEWOICBwiM8w4vBjSfj1XibtS4Yxcwe/ILx/gUKzY5S</latexit>

kernel
(u, v)

<latexit sha1_base64="bYpRZxoXupcWoAWfxqr2BYHHN90=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJJq8eNW9OKxgmkLbSib7aZdutmE3U2hhP4GLx4U8eoP8ua/cZMGUeuDgcd7M8zM8yLOlLbtT2tpeWV1bb2wUdzc2t7ZLe3tt1QYS0IdEvJQdjysKGeCOpppTjuRpDjwOG1749vUb0+oVCwUD3oaUTfAQ8F8RrA2klOJTycn/VLZrtoZ0CKp5aQMOZr90kdvEJI4oEITjpXq1uxIuwmWmhFOZ8VerGiEyRgPaddQgQOq3CQ7doaOjTJAfihNCY0y9edEggOlpoFnOgOsR+qvl4r/ed1Y+1duwkQUayrIfJEfc6RDlH6OBkxSovnUEEwkM7ciMsISE23yKWYhXKe4+H55kbTOqrXzav2+Xm7c5HEU4BCOoAI1uIQG3EETHCDA4BGe4cUS1pP1ar3NW5esfOYAfsF6/wIBqY5M</latexit>

output image
(m,n)

<latexit sha1_base64="qsj7gMjaK6xuH+gJpSm+01jlFso=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpRUix+3ohePFUxbaEPZbDft0s0m7G6EEvobvHhQxKs/yJv/xk0aRK0PBh7vzTAzz4s4U9q2P63C0vLK6lpxvbSxubW9U97da6swloQ6JOSh7HpYUc4EdTTTnHYjSXHgcdrxJjep33mgUrFQ3OtpRN0AjwTzGcHaSE41OBHHg3LFrtkZ0CKp56QCOVqD8kd/GJI4oEITjpXq1e1IuwmWmhFOZ6V+rGiEyQSPaM9QgQOq3CQ7doaOjDJEfihNCY0y9edEggOlpoFnOgOsx+qvl4r/eb1Y+5duwkQUayrIfJEfc6RDlH6OhkxSovnUEEwkM7ciMsYSE23yKWUhXKU4/355kbRPa/WzWuOuUWle53EU4QAOoQp1uIAm3EILHCDA4BGe4cUS1pP1ar3NWwtWPrMPv2C9fwHpOo48</latexit>

Grid sample



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

m = 1
<latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit> ?

79

x
<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

u
<latexit sha1_base64="/QHpBKwW8go9bEaPUvbWxZMWiD4=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUaDyy3oxWMCZoFkCD2dStKmZ6G7RwhDvsCLB0W8+kne/Bt7JoOo8UHB470qqup5keBK2/antbS8srq2Xtgobm5t7+yW9vZbKowlwyYLRSg7HlUoeIBNzbXATiSR+p7Atje5Sf32A0rFw+BOTyN0fToK+JAzqo3UiPulsl2xM5BF4uSkDDnq/dJHbxCy2MdAM0GV6jp2pN2ESs2ZwFmxFyuMKJvQEXYNDaiPyk2yQ2fk2CgDMgylqUCTTP05kVBfqanvmU6f6rH666Xif1431sNLN+FBFGsM2HzRMBZEhyT9mgy4RKbF1BDKJDe3EjamkjJtsilmIVylOP9+eZG0TivOWaXaqJZr13kcBTiEIzgBBy6gBrdQhyYwQHiEZ3ix7q0n69V6m7cuWfnMAfyC9f4F+seNMQ==</latexit>

v
<latexit sha1_base64="M+UDXZr3WQ1C3G3rVKQOXYe/6ko=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHbRXGkkKLhjyUXY8o4ExASzPNoRtJIIHHoeNNblO/MwWpWCju9SwCNyAjwXxGiTZSczooV+yqnQEvEycnFZSjMSh/9IchjQMQmnKiVM+xI+0mRGpGOcxL/VhBROiEjKBnqCABKDfJDp3jE6MMsR9KU0LjTP05kZBAqVngmc6A6LH666Xif14v1v6VmzARxRoEXSzyY451iNOv8ZBJoJrPDCFUMnMrpmMiCdUmm1IWwnWKi++Xl0n7rOqcV2vNWqV+k8dRREfoGJ0iB12iOrpDDdRCFAF6RM/oxXqwnqxX623RWrDymUP0C9b7F/xLjTI=</latexit>

input image
(x, y)

<latexit sha1_base64="wkW6S2L2p+6D4ZG08IHnAV12mms=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBEqSEm0+HErevFYwbSFNpTNdtMu3WzC7kYMob/BiwdFvPqDvPlv3KRB1Ppg4PHeDDPzvIhRqSzr01hYXFpeWS2tldc3Nre2Kzu7bRnGAhMHhywUXQ9JwignjqKKkW4kCAo8Rjre5DrzO/dESBryO5VExA3QiFOfYqS05NQejpOjQaVq1a0c5jyxC1KFAq1B5aM/DHEcEK4wQ1L2bCtSboqEopiRabkfSxIhPEEj0tOUo4BIN82PnZqHWhmafih0cWXm6s+JFAVSJoGnOwOkxvKvl4n/eb1Y+RduSnkUK8LxbJEfM1OFZva5OaSCYMUSTRAWVN9q4jESCCudTzkP4TLD2ffL86R9UrdP643bRrV5VcRRgn04gBrYcA5NuIEWOICBwiM8w4vBjSfj1XibtS4Yxcwe/ILx/gUKzY5S</latexit>

kernel
(u, v)

<latexit sha1_base64="bYpRZxoXupcWoAWfxqr2BYHHN90=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJJq8eNW9OKxgmkLbSib7aZdutmE3U2hhP4GLx4U8eoP8ua/cZMGUeuDgcd7M8zM8yLOlLbtT2tpeWV1bb2wUdzc2t7ZLe3tt1QYS0IdEvJQdjysKGeCOpppTjuRpDjwOG1749vUb0+oVCwUD3oaUTfAQ8F8RrA2klOJTycn/VLZrtoZ0CKp5aQMOZr90kdvEJI4oEITjpXq1uxIuwmWmhFOZ8VerGiEyRgPaddQgQOq3CQ7doaOjTJAfihNCY0y9edEggOlpoFnOgOsR+qvl4r/ed1Y+1duwkQUayrIfJEfc6RDlH6OBkxSovnUEEwkM7ciMsISE23yKWYhXKe4+H55kbTOqrXzav2+Xm7c5HEU4BCOoAI1uIQG3EETHCDA4BGe4cUS1pP1ar3NW5esfOYAfsF6/wIBqY5M</latexit>

output image
(m,n)

<latexit sha1_base64="qsj7gMjaK6xuH+gJpSm+01jlFso=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpRUix+3ohePFUxbaEPZbDft0s0m7G6EEvobvHhQxKs/yJv/xk0aRK0PBh7vzTAzz4s4U9q2P63C0vLK6lpxvbSxubW9U97da6swloQ6JOSh7HpYUc4EdTTTnHYjSXHgcdrxJjep33mgUrFQ3OtpRN0AjwTzGcHaSE41OBHHg3LFrtkZ0CKp56QCOVqD8kd/GJI4oEITjpXq1e1IuwmWmhFOZ6V+rGiEyQSPaM9QgQOq3CQ7doaOjDJEfihNCY0y9edEggOlpoFnOgOsx+qvl4r/eb1Y+5duwkQUayrIfJEfc6RDlH6OhkxSovnUEEwkM7ciMsYSE23yKWUhXKU4/355kbRPa/WzWuOuUWle53EU4QAOoQp1uIAm3EILHCDA4BGe4cUS1pP1ar3NWwtWPrMPv2C9fwHpOo48</latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

Can we translate image by 1 pixel up?



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

m = 1
<latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

?
x

<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

<latexit sha1_base64="z4gGU7TfGqd1D7Lk8sVNgyE7DnQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9JBee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVN3780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/Ut41/</latexit>

u = 1
<latexit sha1_base64="181Z6Lt7G+MH57DubuOx1PDF/so=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7qRQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbmt8ZcGxGrR5wk3I/oQIlQMIpWehhfe71yxa26c5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+bTUTQ1PKBvRAe9YqmjEjZ/NT52SE6v0SRhrWwrJXP05kdHImEkU2M6I4tAsezPxP6+TYnjlZ0IlKXLFFovCVBKMyexv0heaM5QTSyjTwt5K2JBqytCmU7IheMsv/yXNs6p3UXXvzyu1mzyOIhzBMZyCB5dQgzuoQwMYDOAJXuDVkc6z8+a8L1oLTj5zCL/gfHwD1j2NgA==</latexit>

v = 1

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

δ(a)

1 20-1-2



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

m = 1
<latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

0
x

<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

<latexit sha1_base64="z4gGU7TfGqd1D7Lk8sVNgyE7DnQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9JBee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVN3780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/Ut41/</latexit>

u = 1
<latexit sha1_base64="181Z6Lt7G+MH57DubuOx1PDF/so=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7qRQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbmt8ZcGxGrR5wk3I/oQIlQMIpWehhfe71yxa26c5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+bTUTQ1PKBvRAe9YqmjEjZ/NT52SE6v0SRhrWwrJXP05kdHImEkU2M6I4tAsezPxP6+TYnjlZ0IlKXLFFovCVBKMyexv0heaM5QTSyjTwt5K2JBqytCmU7IheMsv/yXNs6p3UXXvzyu1mzyOIhzBMZyCB5dQgzuoQwMYDOAJXuDVkc6z8+a8L1oLTj5zCL/gfHwD1j2NgA==</latexit>

v = 1

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

Can we translate image by 1 pixel up?



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

m = 1
<latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

0
x

<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

?

<latexit sha1_base64="z4gGU7TfGqd1D7Lk8sVNgyE7DnQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9JBee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVN3780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/Ut41/</latexit>

u = 1

<latexit sha1_base64="+tYMk9pQZ+mbAuilmIrdJSWc5xQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGRS9C0IvHiOYByRJmJ73JkNnZZWY2EEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDfzmyNUmsfyyYwT9CPalzzkjBorPY5uKt1iyS27c5BV4mWkBBlq3eJXpxezNEJpmKBatz03Mf6EKsOZwGmhk2pMKBvSPrYtlTRC7U/mp07JmVV6JIyVLWnIXP09MaGR1uMosJ0RNQO97M3E/7x2asJrf8JlkhqUbLEoTAUxMZn9TXpcITNibAllittbCRtQRZmx6RRsCN7yy6ukUSl7l2X34aJUvc3iyMMJnMI5eHAFVbiHGtSBQR+e4RXeHOG8OO/Ox6I152Qzx/AHzucP18GNgQ==</latexit>

v = 2

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

Can we translate image by 1 pixel up?



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

m = 1
<latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

0
x

<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

1

<latexit sha1_base64="z4gGU7TfGqd1D7Lk8sVNgyE7DnQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9JBee71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVN3780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/Ut41/</latexit>

u = 1

<latexit sha1_base64="+tYMk9pQZ+mbAuilmIrdJSWc5xQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGRS9C0IvHiOYByRJmJ73JkNnZZWY2EEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDfzmyNUmsfyyYwT9CPalzzkjBorPY5uKt1iyS27c5BV4mWkBBlq3eJXpxezNEJpmKBatz03Mf6EKsOZwGmhk2pMKBvSPrYtlTRC7U/mp07JmVV6JIyVLWnIXP09MaGR1uMosJ0RNQO97M3E/7x2asJrf8JlkhqUbLEoTAUxMZn9TXpcITNibAllittbCRtQRZmx6RRsCN7yy6ukUSl7l2X34aJUvc3iyMMJnMI5eHAFVbiHGtSBQR+e4RXeHOG8OO/Ox6I152Qzx/AHzucP18GNgQ==</latexit>

v = 2

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

Can we translate image by 1 pixel up?



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  0

0  0  0  0     
0  0  0  0 =⌦

<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

84

0  0  0  0

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

m = 1
<latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

x
<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

u
<latexit sha1_base64="/QHpBKwW8go9bEaPUvbWxZMWiD4=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUaDyy3oxWMCZoFkCD2dStKmZ6G7RwhDvsCLB0W8+kne/Bt7JoOo8UHB470qqup5keBK2/antbS8srq2Xtgobm5t7+yW9vZbKowlwyYLRSg7HlUoeIBNzbXATiSR+p7Atje5Sf32A0rFw+BOTyN0fToK+JAzqo3UiPulsl2xM5BF4uSkDDnq/dJHbxCy2MdAM0GV6jp2pN2ESs2ZwFmxFyuMKJvQEXYNDaiPyk2yQ2fk2CgDMgylqUCTTP05kVBfqanvmU6f6rH666Xif1431sNLN+FBFGsM2HzRMBZEhyT9mgy4RKbF1BDKJDe3EjamkjJtsilmIVylOP9+eZG0TivOWaXaqJZr13kcBTiEIzgBBy6gBrdQhyYwQHiEZ3ix7q0n69V6m7cuWfnMAfyC9f4F+seNMQ==</latexit>

v
<latexit sha1_base64="M+UDXZr3WQ1C3G3rVKQOXYe/6ko=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHbRXGkkKLhjyUXY8o4ExASzPNoRtJIIHHoeNNblO/MwWpWCju9SwCNyAjwXxGiTZSczooV+yqnQEvEycnFZSjMSh/9IchjQMQmnKiVM+xI+0mRGpGOcxL/VhBROiEjKBnqCABKDfJDp3jE6MMsR9KU0LjTP05kZBAqVngmc6A6LH666Xif14v1v6VmzARxRoEXSzyY451iNOv8ZBJoJrPDCFUMnMrpmMiCdUmm1IWwnWKi++Xl0n7rOqcV2vNWqV+k8dRREfoGJ0iB12iOrpDDdRCFAF6RM/oxXqwnqxX623RWrDymUP0C9b7F/xLjTI=</latexit>

?

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

Can we translate image by 1 pixel up?



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  0

0  0  0  0     
0  0  0  0 =⌦

<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

85

0  0  0  0

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

m = 1
<latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

x
<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

u
<latexit sha1_base64="/QHpBKwW8go9bEaPUvbWxZMWiD4=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUaDyy3oxWMCZoFkCD2dStKmZ6G7RwhDvsCLB0W8+kne/Bt7JoOo8UHB470qqup5keBK2/antbS8srq2Xtgobm5t7+yW9vZbKowlwyYLRSg7HlUoeIBNzbXATiSR+p7Atje5Sf32A0rFw+BOTyN0fToK+JAzqo3UiPulsl2xM5BF4uSkDDnq/dJHbxCy2MdAM0GV6jp2pN2ESs2ZwFmxFyuMKJvQEXYNDaiPyk2yQ2fk2CgDMgylqUCTTP05kVBfqanvmU6f6rH666Xif1431sNLN+FBFGsM2HzRMBZEhyT9mgy4RKbF1BDKJDe3EjamkjJtsilmIVylOP9+eZG0TivOWaXaqJZr13kcBTiEIzgBBy6gBrdQhyYwQHiEZ3ix7q0n69V6m7cuWfnMAfyC9f4F+seNMQ==</latexit>

v
<latexit sha1_base64="M+UDXZr3WQ1C3G3rVKQOXYe/6ko=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHbRXGkkKLhjyUXY8o4ExASzPNoRtJIIHHoeNNblO/MwWpWCju9SwCNyAjwXxGiTZSczooV+yqnQEvEycnFZSjMSh/9IchjQMQmnKiVM+xI+0mRGpGOcxL/VhBROiEjKBnqCABKDfJDp3jE6MMsR9KU0LjTP05kZBAqVngmc6A6LH666Xif14v1v6VmzARxRoEXSzyY451iNOv8ZBJoJrPDCFUMnMrpmMiCdUmm1IWwnWKi++Xl0n7rOqcV2vNWqV+k8dRREfoGJ0iB12iOrpDDdRCFAF6RM/oxXqwnqxX623RWrDymUP0C9b7F/xLjTI=</latexit>

6

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

Can we translate image by 1 pixel up?



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

0  1  0  0

0  0  0  0     
0  0  0  0 =⌦

<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

  6

86

0  0  0  0

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

x
<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

u
<latexit sha1_base64="/QHpBKwW8go9bEaPUvbWxZMWiD4=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUaDyy3oxWMCZoFkCD2dStKmZ6G7RwhDvsCLB0W8+kne/Bt7JoOo8UHB470qqup5keBK2/antbS8srq2Xtgobm5t7+yW9vZbKowlwyYLRSg7HlUoeIBNzbXATiSR+p7Atje5Sf32A0rFw+BOTyN0fToK+JAzqo3UiPulsl2xM5BF4uSkDDnq/dJHbxCy2MdAM0GV6jp2pN2ESs2ZwFmxFyuMKJvQEXYNDaiPyk2yQ2fk2CgDMgylqUCTTP05kVBfqanvmU6f6rH666Xif1431sNLN+FBFGsM2HzRMBZEhyT9mgy4RKbF1BDKJDe3EjamkjJtsilmIVylOP9+eZG0TivOWaXaqJZr13kcBTiEIzgBBy6gBrdQhyYwQHiEZ3ix7q0n69V6m7cuWfnMAfyC9f4F+seNMQ==</latexit>

v
<latexit sha1_base64="M+UDXZr3WQ1C3G3rVKQOXYe/6ko=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHbRXGkkKLhjyUXY8o4ExASzPNoRtJIIHHoeNNblO/MwWpWCju9SwCNyAjwXxGiTZSczooV+yqnQEvEycnFZSjMSh/9IchjQMQmnKiVM+xI+0mRGpGOcxL/VhBROiEjKBnqCABKDfJDp3jE6MMsR9KU0LjTP05kZBAqVngmc6A6LH666Xif14v1v6VmzARxRoEXSzyY451iNOv8ZBJoJrPDCFUMnMrpmMiCdUmm1IWwnWKi++Xl0n7rOqcV2vNWqV+k8dRREfoGJ0iB12iOrpDDdRCFAF6RM/oxXqwnqxX623RWrDymUP0C9b7F/xLjTI=</latexit>

m = 2
<latexit sha1_base64="Bx3Xqz4YEtedqXMEJqAl+YsjrDU=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiS1+FgIRTcuK9oHtKFMppN26GQSZiZCCf0ENy4UcesXufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3Kd+p0HKhULxb2eRtQN8EgwnxGsjXQXXNYG5YpdtTOgReLkpAI5moPyR38YkjigQhOOleo5dqTdBEvNCKezUj9WNMJkgke0Z6jAAVVukp06Q0dGGSI/lKaERpn6cyLBgVLTwDOdAdZj9ddLxf+8Xqz9czdhIoo1FWS+yI850iFK/0ZDJinRfGoIJpKZWxEZY4mJNumUshAuUpx+v7xI2rWqc1Kt39Yrjas8jiIcwCEcgwNn0IAbaEILCIzgEZ7hxeLWk/Vqvc1bC1Y+sw+/YL1/AeHTjaw=</latexit>

  3

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

Can we translate image by 1 pixel up?



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

  6

87

0  0  0  0

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

x
<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

u
<latexit sha1_base64="/QHpBKwW8go9bEaPUvbWxZMWiD4=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUaDyy3oxWMCZoFkCD2dStKmZ6G7RwhDvsCLB0W8+kne/Bt7JoOo8UHB470qqup5keBK2/antbS8srq2Xtgobm5t7+yW9vZbKowlwyYLRSg7HlUoeIBNzbXATiSR+p7Atje5Sf32A0rFw+BOTyN0fToK+JAzqo3UiPulsl2xM5BF4uSkDDnq/dJHbxCy2MdAM0GV6jp2pN2ESs2ZwFmxFyuMKJvQEXYNDaiPyk2yQ2fk2CgDMgylqUCTTP05kVBfqanvmU6f6rH666Xif1431sNLN+FBFGsM2HzRMBZEhyT9mgy4RKbF1BDKJDe3EjamkjJtsilmIVylOP9+eZG0TivOWaXaqJZr13kcBTiEIzgBBy6gBrdQhyYwQHiEZ3ix7q0n69V6m7cuWfnMAfyC9f4F+seNMQ==</latexit>

v
<latexit sha1_base64="M+UDXZr3WQ1C3G3rVKQOXYe/6ko=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHbRXGkkKLhjyUXY8o4ExASzPNoRtJIIHHoeNNblO/MwWpWCju9SwCNyAjwXxGiTZSczooV+yqnQEvEycnFZSjMSh/9IchjQMQmnKiVM+xI+0mRGpGOcxL/VhBROiEjKBnqCABKDfJDp3jE6MMsR9KU0LjTP05kZBAqVngmc6A6LH666Xif14v1v6VmzARxRoEXSzyY451iNOv8ZBJoJrPDCFUMnMrpmMiCdUmm1IWwnWKi++Xl0n7rOqcV2vNWqV+k8dRREfoGJ0iB12iOrpDDdRCFAF6RM/oxXqwnqxX623RWrDymUP0C9b7F/xLjTI=</latexit>

m = 2
<latexit sha1_base64="Bx3Xqz4YEtedqXMEJqAl+YsjrDU=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiS1+FgIRTcuK9oHtKFMppN26GQSZiZCCf0ENy4UcesXufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3Kd+p0HKhULxb2eRtQN8EgwnxGsjXQXXNYG5YpdtTOgReLkpAI5moPyR38YkjigQhOOleo5dqTdBEvNCKezUj9WNMJkgke0Z6jAAVVukp06Q0dGGSI/lKaERpn6cyLBgVLTwDOdAdZj9ddLxf+8Xqz9czdhIoo1FWS+yI850iFK/0ZDJinRfGoIJpKZWxEZY4mJNumUshAuUpx+v7xI2rWqc1Kt39Yrjas8jiIcwCEcgwNn0IAbaEILCIzgEZ7hxeLWk/Vqvc1bC1Y+sw+/YL1/AeHTjaw=</latexit>

  3    2   1
 0   1   0   3
 1   3   1   2
 0   0   0   0

0  0  0  0
0  0  0  0
0  0  0  0

Can we translate image by 1 pixel up?

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

2  2  2  2
3  3  3  3
4  4  4  4
5  5  5  5

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

88

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

x
<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

u
<latexit sha1_base64="/QHpBKwW8go9bEaPUvbWxZMWiD4=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUaDyy3oxWMCZoFkCD2dStKmZ6G7RwhDvsCLB0W8+kne/Bt7JoOo8UHB470qqup5keBK2/antbS8srq2Xtgobm5t7+yW9vZbKowlwyYLRSg7HlUoeIBNzbXATiSR+p7Atje5Sf32A0rFw+BOTyN0fToK+JAzqo3UiPulsl2xM5BF4uSkDDnq/dJHbxCy2MdAM0GV6jp2pN2ESs2ZwFmxFyuMKJvQEXYNDaiPyk2yQ2fk2CgDMgylqUCTTP05kVBfqanvmU6f6rH666Xif1431sNLN+FBFGsM2HzRMBZEhyT9mgy4RKbF1BDKJDe3EjamkjJtsilmIVylOP9+eZG0TivOWaXaqJZr13kcBTiEIzgBBy6gBrdQhyYwQHiEZ3ix7q0n69V6m7cuWfnMAfyC9f4F+seNMQ==</latexit>

v
<latexit sha1_base64="M+UDXZr3WQ1C3G3rVKQOXYe/6ko=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHbRXGkkKLhjyUXY8o4ExASzPNoRtJIIHHoeNNblO/MwWpWCju9SwCNyAjwXxGiTZSczooV+yqnQEvEycnFZSjMSh/9IchjQMQmnKiVM+xI+0mRGpGOcxL/VhBROiEjKBnqCABKDfJDp3jE6MMsR9KU0LjTP05kZBAqVngmc6A6LH666Xif14v1v6VmzARxRoEXSzyY451iNOv8ZBJoJrPDCFUMnMrpmMiCdUmm1IWwnWKi++Xl0n7rOqcV2vNWqV+k8dRREfoGJ0iB12iOrpDDdRCFAF6RM/oxXqwnqxX623RWrDymUP0C9b7F/xLjTI=</latexit>

m = 2
<latexit sha1_base64="Bx3Xqz4YEtedqXMEJqAl+YsjrDU=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiS1+FgIRTcuK9oHtKFMppN26GQSZiZCCf0ENy4UcesXufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3Kd+p0HKhULxb2eRtQN8EgwnxGsjXQXXNYG5YpdtTOgReLkpAI5moPyR38YkjigQhOOleo5dqTdBEvNCKezUj9WNMJkgke0Z6jAAVVukp06Q0dGGSI/lKaERpn6cyLBgVLTwDOdAdZj9ddLxf+8Xqz9czdhIoo1FWS+yI850iFK/0ZDJinRfGoIJpKZWxEZY4mJNumUshAuUpx+v7xI2rWqc1Kt39Yrjas8jiIcwCEcgwNn0IAbaEILCIzgEZ7hxeLWk/Vqvc1bC1Y+sw+/YL1/AeHTjaw=</latexit>

Can we translate image by 1/2 pixel up?

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

1.5 2.5 3.5 4.5
1.5 2.5 3.5 4.5
1.5 2.5 3.5 4.5

1.5 2.5 3.5 4.5

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

? ? ? ?
? ? ? ?
? ? ? ?
? ? ? ?



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

89

0.5 0  0  0

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

x
<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

u
<latexit sha1_base64="/QHpBKwW8go9bEaPUvbWxZMWiD4=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUaDyy3oxWMCZoFkCD2dStKmZ6G7RwhDvsCLB0W8+kne/Bt7JoOo8UHB470qqup5keBK2/antbS8srq2Xtgobm5t7+yW9vZbKowlwyYLRSg7HlUoeIBNzbXATiSR+p7Atje5Sf32A0rFw+BOTyN0fToK+JAzqo3UiPulsl2xM5BF4uSkDDnq/dJHbxCy2MdAM0GV6jp2pN2ESs2ZwFmxFyuMKJvQEXYNDaiPyk2yQ2fk2CgDMgylqUCTTP05kVBfqanvmU6f6rH666Xif1431sNLN+FBFGsM2HzRMBZEhyT9mgy4RKbF1BDKJDe3EjamkjJtsilmIVylOP9+eZG0TivOWaXaqJZr13kcBTiEIzgBBy6gBrdQhyYwQHiEZ3ix7q0n69V6m7cuWfnMAfyC9f4F+seNMQ==</latexit>

v
<latexit sha1_base64="M+UDXZr3WQ1C3G3rVKQOXYe/6ko=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHbRXGkkKLhjyUXY8o4ExASzPNoRtJIIHHoeNNblO/MwWpWCju9SwCNyAjwXxGiTZSczooV+yqnQEvEycnFZSjMSh/9IchjQMQmnKiVM+xI+0mRGpGOcxL/VhBROiEjKBnqCABKDfJDp3jE6MMsR9KU0LjTP05kZBAqVngmc6A6LH666Xif14v1v6VmzARxRoEXSzyY451iNOv8ZBJoJrPDCFUMnMrpmMiCdUmm1IWwnWKi++Xl0n7rOqcV2vNWqV+k8dRREfoGJ0iB12iOrpDDdRCFAF6RM/oxXqwnqxX623RWrDymUP0C9b7F/xLjTI=</latexit>

m = 2
<latexit sha1_base64="Bx3Xqz4YEtedqXMEJqAl+YsjrDU=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiS1+FgIRTcuK9oHtKFMppN26GQSZiZCCf0ENy4UcesXufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3Kd+p0HKhULxb2eRtQN8EgwnxGsjXQXXNYG5YpdtTOgReLkpAI5moPyR38YkjigQhOOleo5dqTdBEvNCKezUj9WNMJkgke0Z6jAAVVukp06Q0dGGSI/lKaERpn6cyLBgVLTwDOdAdZj9ddLxf+8Xqz9czdhIoo1FWS+yI850iFK/0ZDJinRfGoIJpKZWxEZY4mJNumUshAuUpx+v7xI2rWqc1Kt39Yrjas8jiIcwCEcgwNn0IAbaEILCIzgEZ7hxeLWk/Vqvc1bC1Y+sw+/YL1/AeHTjaw=</latexit>

0  0  0  0
0  0  0  0

Can we translate image by 1/2 pixel up?

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

1.5 2.5 3.5 4.5
1.5 2.5 3.5 4.5
1.5 2.5 3.5 4.5

1.5 2.5 3.5 4.5

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

0.5 0  0  0x ?



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
6  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

90

0.5 0  0  0

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

x
<latexit sha1_base64="30P4nwdawvL2qXr06tn9rtYMLMY=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbly2YB/QhjKZTtqxk0mYmYgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yXXqd+6pVCwUt3oaUTfAI8F8RrA2UvNhUK7YVTsDWiROTiqQozEof/SHIYkDKjThWKmeY0faTbDUjHA6K/VjRSNMJnhEe4YKHFDlJtmhM3RklCHyQ2lKaJSpPycSHCg1DTzTGWA9Vn+9VPzP68Xav3ATJqJYU0Hmi/yYIx2i9Gs0ZJISzaeGYCKZuRWRMZaYaJNNKQvhMsXZ98uLpH1SdU6rtWatUr/K4yjCARzCMThwDnW4gQa0gACFR3iGF+vOerJerbd5a8HKZ/bhF6z3L/9TjTQ=</latexit>

y
<latexit sha1_base64="tjqpFkGy1WlNqaRSEqjDZqTZXUA=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQQ+gduXCji1j9y5984SYOo9cCFwzn3cu89XsSZ0rb9aZWWlldW18rrlY3Nre2d6u5eR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Drzuw9UKhaKe51E1A3wWDCfEayNdJdUhtWaXbdzoEXiFKQGBVrD6sdgFJI4oEITjpXqO3ak3RRLzQins8ogVjTCZIrHtG+owAFVbppfOkNHRhkhP5SmhEa5+nMixYFSSeCZzgDrifrrZeJ/Xj/W/oWbMhHFmgoyX+THHOkQZW+jEZOUaJ4Ygolk5lZEJlhiok048xAuM5x9v7xIOid157TeuG3UmldFHGU4gEM4BgfOoQk30II2EPDhEZ7hxZpaT9ar9TZvLVnFzD78gvX+BTVrjUk=</latexit>

u
<latexit sha1_base64="/QHpBKwW8go9bEaPUvbWxZMWiD4=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUaDyy3oxWMCZoFkCD2dStKmZ6G7RwhDvsCLB0W8+kne/Bt7JoOo8UHB470qqup5keBK2/antbS8srq2Xtgobm5t7+yW9vZbKowlwyYLRSg7HlUoeIBNzbXATiSR+p7Atje5Sf32A0rFw+BOTyN0fToK+JAzqo3UiPulsl2xM5BF4uSkDDnq/dJHbxCy2MdAM0GV6jp2pN2ESs2ZwFmxFyuMKJvQEXYNDaiPyk2yQ2fk2CgDMgylqUCTTP05kVBfqanvmU6f6rH666Xif1431sNLN+FBFGsM2HzRMBZEhyT9mgy4RKbF1BDKJDe3EjamkjJtsilmIVylOP9+eZG0TivOWaXaqJZr13kcBTiEIzgBBy6gBrdQhyYwQHiEZ3ix7q0n69V6m7cuWfnMAfyC9f4F+seNMQ==</latexit>

v
<latexit sha1_base64="M+UDXZr3WQ1C3G3rVKQOXYe/6ko=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHbRXGkkKLhjyUXY8o4ExASzPNoRtJIIHHoeNNblO/MwWpWCju9SwCNyAjwXxGiTZSczooV+yqnQEvEycnFZSjMSh/9IchjQMQmnKiVM+xI+0mRGpGOcxL/VhBROiEjKBnqCABKDfJDp3jE6MMsR9KU0LjTP05kZBAqVngmc6A6LH666Xif14v1v6VmzARxRoEXSzyY451iNOv8ZBJoJrPDCFUMnMrpmMiCdUmm1IWwnWKi++Xl0n7rOqcV2vNWqV+k8dRREfoGJ0iB12iOrpDDdRCFAF6RM/oxXqwnqxX623RWrDymUP0C9b7F/xLjTI=</latexit>

m = 2
<latexit sha1_base64="Bx3Xqz4YEtedqXMEJqAl+YsjrDU=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiS1+FgIRTcuK9oHtKFMppN26GQSZiZCCf0ENy4UcesXufNvnKRB1HrgwuGce7n3Hi/iTGnb/rQKS8srq2vF9dLG5tb2Tnl3r63CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3Kd+p0HKhULxb2eRtQN8EgwnxGsjXQXXNYG5YpdtTOgReLkpAI5moPyR38YkjigQhOOleo5dqTdBEvNCKezUj9WNMJkgke0Z6jAAVVukp06Q0dGGSI/lKaERpn6cyLBgVLTwDOdAdZj9ddLxf+8Xqz9czdhIoo1FWS+yI850iFK/0ZDJinRfGoIJpKZWxEZY4mJNumUshAuUpx+v7xI2rWqc1Kt39Yrjas8jiIcwCEcgwNn0IAbaEILCIzgEZ7hxeLWk/Vqvc1bC1Y+sw+/YL1/AeHTjaw=</latexit>

0  0  0  0
0  0  0  0

Can we translate image by 1/2 pixel up?

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

x(m,n) =
<latexit sha1_base64="sAHxASjnX3i9LofSBcAbkbSpI9c=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWoICXV4mMhFN24rGAf0IYymU7aoTOTMDMRS+hHuHGhiFu/x51/4yQNotYDFw7n3Mu993gho0o7zqeVW1hcWl7JrxbW1jc2t4rbOy0VRBKTJg5YIDseUoRRQZqaakY6oSSIe4y0vfF14rfviVQ0EHd6EhKXo6GgPsVIG6n9UOZH4vCyXyw5FSeFPU+qGSlBhka/+NEbBDjiRGjMkFLdqhNqN0ZSU8zItNCLFAkRHqMh6RoqECfKjdNzp/aBUQa2H0hTQtup+nMiRlypCfdMJ0d6pP56ifif1420f+7GVISRJgLPFvkRs3VgJ7/bAyoJ1mxiCMKSmlttPEISYW0SKqQhXCQ4/X55nrSOK9WTSu22VqpfZXHkYQ/2oQxVOIM63EADmoBhDI/wDC9WaD1Zr9bbrDVnZTO78AvW+xdJro8F</latexit>

y(m,n) =
<latexit sha1_base64="8Hs5uTFxuQ1vMhvOP4AI2uMHqVY=">AAAB7nicbVDLSsNAFL3xWeur6tJNsAgVpCRafCyEohuXFewD2lAm00k7dGYSZiZCCf0INy4Ucev3uPNvnKRB1HrgwuGce7n3Hj9iVGnH+bQWFpeWV1YLa8X1jc2t7dLObkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3yT+u0HIhUNxb2eRMTjaChoQDHSRmpPKvxYHF31S2Wn6mSw54mbkzLkaPRLH71BiGNOhMYMKdV1nUh7CZKaYkamxV6sSITwGA1J11CBOFFekp07tQ+NMrCDUJoS2s7UnxMJ4kpNuG86OdIj9ddLxf+8bqyDCy+hIoo1EXi2KIiZrUM7/d0eUEmwZhNDEJbU3GrjEZIIa5NQMQvhMsXZ98vzpHVSdU+rtbtauX6dx1GAfTiACrhwDnW4hQY0AcMYHuEZXqzIerJerbdZ64KVz+zBL1jvX0s4jwY=</latexit>

affine_grid
grid

th
et

a

Grid sample

1.5 2.5 3.5 4.5
1.5 2.5 3.5 4.5
1.5 2.5 3.5 4.5

1.5 2.5 3.5 4.5

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  2  3  4
1  2  3  4
1  2  3  4
1  2  3  4

0.5 0  0  0x 3.5



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
2  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

0.3 0.3  0  0
0  0  0  0
0  0  0  0

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

1.1

0.2 0.2  0  0
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Can we rotate image?

Grid sample

δ(a)

1 20-1-2

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

x



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  0  0  2  
2  3  2  1  

1  3  1  2     
0  1  0  3  

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

0.3 0.3  0  0
0  0  0  0
0  0  0  0

=⌦
<latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit><latexit sha1_base64="dqZHmeSHs8NvG9HGgt9pWAIqyP8="></latexit>

1.1

0.2 0.2  0  0
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Can we rotate image?

Grid sample

(m,n)(u, v) = �
�
u� x(m,n)

�
· �
�
v � y(m,n)

�
<latexit sha1_base64="zLiJ9Da/uNcovKO7jE2y24if51M="></latexit>

convolution with              => differentiable !       (m,n)
<latexit sha1_base64="42kUEVP9VRebkFYmtfUR7N+6pQY="></latexit><latexit sha1_base64="42kUEVP9VRebkFYmtfUR7N+6pQY="></latexit><latexit sha1_base64="42kUEVP9VRebkFYmtfUR7N+6pQY="></latexit><latexit sha1_base64="42kUEVP9VRebkFYmtfUR7N+6pQY="></latexit>

x

δ(a)

1 20-1-2



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  3  1  2     
0  1  0  3  

m = 1
<latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit><latexit sha1_base64="HbfsFpSV3O0h4ssgoP1VSz51iGs="></latexit>

n = 1
<latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit><latexit sha1_base64="M/UNex3VpBFAEe/wRlPXLhZbgvk="></latexit>

1  0  0  2  
2  3  2  1  

3  3  2  2
3  3  2  2
1  1  0  0
1  1  0  0
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input image output image

Can we crop or upsample sub-image?

Grid sample
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Spatial Transformer networks [Jaderberg 2016]
https://arxiv.org/pdf/1506.02025.pdf

Also implemented 3D affine_grid transformation layer: [R t] 2 R3⇥4
<latexit sha1_base64="2jGPzVb7YAMqDlwsTS1DDySUGUc="></latexit>

torch.nn.functional.affine_grid(theta, size, align_corners=None) 

torch.nn.functional.grid_sample(input, grid, mode='bilinear',  
                                                     padding_mode='zeros', align_corners=None)

https://arxiv.org/pdf/1506.02025.pdf


Outline

• Architectures of classification networks 
• Architectures of segmentation networks 
• Architectures of regression networks 
• Architectures of detection networks 
• Spatial Transformer networks 
• Architectures of feature matching networks
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LIFT: Learnable Invariant Feature Descriptors 
[Yi et al ECCV 2016] https://arxiv.org/abs/1603.09114

Input: RGB image
Output: set of detected feature points with descriptors

Descriptor is vector which is: 
• similar for corresponding points 
• and dissimilar for not corresponding points.
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https://arxiv.org/abs/1603.09114


LIFT: Learnable Invariant Feature Descriptors 
[Yi et al ECCV 2016] https://arxiv.org/abs/1603.09114

Segmentation CNN for pixel-wise two-class labelling  
• class 1: “suitable feature point” 
• class 2: “unsuitable feature point”

97

https://arxiv.org/abs/1603.09114


LIFT: Learnable Invariant Feature Descriptors 
[Yi et al ECCV 2016] https://arxiv.org/abs/1603.09114

Score 
map

Expected value of y weighted  
by the softmax prob. distr.
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https://arxiv.org/abs/1603.09114


LIFT: Learnable Invariant Feature Descriptors 
[Yi et al ECCV 2016] https://arxiv.org/abs/1603.09114

https://arxiv.org/pdf/1506.02025.pdf[Jaderberg, 2016]

Spatial Transformer Network

Bilinear approximation of affine  
transformation is differentiable !
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https://arxiv.org/abs/1603.09114


LIFT: Learnable Invariant Feature Descriptors 
[Yi et al ECCV 2016] https://arxiv.org/abs/1603.09114

• Trained in end-to-end manner 
• Ground truth correspondences for training obtained from SfM and webcameras 
• Training set consists of four-tuples:

Two corresponding patches on distinctive points
One not corresponding patch on a distinctive point (has different corr.)
One patch on a not distinctive point (has no correspondence at all)
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https://arxiv.org/abs/1603.09114


LIFT: Learnable Invariant Feature Descriptors 
[Yi et al ECCV 2016] https://arxiv.org/abs/1603.09114

• All patches are fed into the network and differentiable loss is backpropagated 
• Loss makes: 

• d1 and d2 as close as possible,  
• d3 as far as possible (from d1 and d2) 
• DET to have high response on p1,p2,p3 and small on p4
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https://arxiv.org/abs/1603.09114
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Trajectory optimization

costmap

robot’s trajectory

grid_sample

backprop

LOSS



103sparse trajectory (11 samples)dense trajectory (21 samples)

Trajectory optimization



Summary architectures

• Deeper architectures, with small kernels, skip-connections and batch-norms 
(e.g. ResNet, DenseNet) seems reasonable. 

• Reception field of pixels in a feature map determine their ability to infer from 
spatial context.  

• Atrous spatial pyramid seems to be viable replacement for max-pooling 
• Argmax is not differentiable, but it can be replaced by expected value. 
• Spatial Transform Layer allows to capture spatial transformation  

(e.g. interpolation, cropping, projectivetransformation of rigi bodies,…) 
• A lot of dark-magic needed for successful training
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