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Compatible and Diverse Fashion Image Inpainting
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Fashion Recommendation as Inpainting

Recommend me a top?

Recommend by inpainting!

Shape and

Appearance

Compatibility: Matching style of existing garments

Diversity: Multiple results should be generated



Framework

Two-stage framework that disentangles the generation of shape and appearance.
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<latexit sha1_base64="ds2DQRLXTsP5eNJKN6FAD/KzzIs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qxfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d6jdI=</latexit><latexit sha1_base64="ds2DQRLXTsP5eNJKN6FAD/KzzIs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qxfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d6jdI=</latexit><latexit sha1_base64="ds2DQRLXTsP5eNJKN6FAD/KzzIs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qxfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d6jdI=</latexit><latexit sha1_base64="ds2DQRLXTsP5eNJKN6FAD/KzzIs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qxfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d6jdI=</latexit>

Es
<latexit sha1_base64="YHZ6hylKm7Dp0AjCtu0Iq1StGI4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45tZvf2ESvNYPppJgn5Eh5KHnFFjrYfbvu6XK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPyIIja8=</latexit><latexit sha1_base64="YHZ6hylKm7Dp0AjCtu0Iq1StGI4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45tZvf2ESvNYPppJgn5Eh5KHnFFjrYfbvu6XK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPyIIja8=</latexit><latexit sha1_base64="YHZ6hylKm7Dp0AjCtu0Iq1StGI4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45tZvf2ESvNYPppJgn5Eh5KHnFFjrYfbvu6XK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPyIIja8=</latexit><latexit sha1_base64="YHZ6hylKm7Dp0AjCtu0Iq1StGI4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45tZvf2ESvNYPppJgn5Eh5KHnFFjrYfbvu6XK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPyIIja8=</latexit>

xs
<latexit sha1_base64="gowRfZaBJ7QO8RpcCW6ds/KIopA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qZfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH2+6jeI=</latexit><latexit sha1_base64="gowRfZaBJ7QO8RpcCW6ds/KIopA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qZfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH2+6jeI=</latexit><latexit sha1_base64="gowRfZaBJ7QO8RpcCW6ds/KIopA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qZfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH2+6jeI=</latexit><latexit sha1_base64="gowRfZaBJ7QO8RpcCW6ds/KIopA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qZfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH2+6jeI=</latexit>

zs
<latexit sha1_base64="ghh+2PvZLbSPdC/GfNAqBR0tnyE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qZfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH3LGjeQ=</latexit><latexit sha1_base64="ghh+2PvZLbSPdC/GfNAqBR0tnyE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qZfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH3LGjeQ=</latexit><latexit sha1_base64="ghh+2PvZLbSPdC/GfNAqBR0tnyE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qZfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH3LGjeQ=</latexit><latexit sha1_base64="ghh+2PvZLbSPdC/GfNAqBR0tnyE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qZfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH3LGjeQ=</latexit>

ys
<latexit sha1_base64="eexJR5MQVPxIsEQNBtDR03kfZ8I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAN9KBac+vuXGQVvAJqUKg5qH71hzFLI5SGCap1z3MT4+dUGc4ETiv9VGNC2YSOsGdR0gi1n89XnZIz6wxJGCv7pCFz9/dETiOtsyiwnRE1Y71cm5n/1XqpCa/9nMskNSjZ4qMwFcTEZHY3GXKFzIjMAmWK210JG1NFmbHpVGwI3vLJq9C+qHuW7y9rjZsijjKcwCmcgwdX0IA7aEILGIzgGV7hzRHOi/PufCxaS04xcwx/5Hz+AHFAjeM=</latexit><latexit sha1_base64="eexJR5MQVPxIsEQNBtDR03kfZ8I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAN9KBac+vuXGQVvAJqUKg5qH71hzFLI5SGCap1z3MT4+dUGc4ETiv9VGNC2YSOsGdR0gi1n89XnZIz6wxJGCv7pCFz9/dETiOtsyiwnRE1Y71cm5n/1XqpCa/9nMskNSjZ4qMwFcTEZHY3GXKFzIjMAmWK210JG1NFmbHpVGwI3vLJq9C+qHuW7y9rjZsijjKcwCmcgwdX0IA7aEILGIzgGV7hzRHOi/PufCxaS04xcwx/5Hz+AHFAjeM=</latexit><latexit sha1_base64="eexJR5MQVPxIsEQNBtDR03kfZ8I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAN9KBac+vuXGQVvAJqUKg5qH71hzFLI5SGCap1z3MT4+dUGc4ETiv9VGNC2YSOsGdR0gi1n89XnZIz6wxJGCv7pCFz9/dETiOtsyiwnRE1Y71cm5n/1XqpCa/9nMskNSjZ4qMwFcTEZHY3GXKFzIjMAmWK210JG1NFmbHpVGwI3vLJq9C+qHuW7y9rjZsijjKcwCmcgwdX0IA7aEILGIzgGV7hzRHOi/PufCxaS04xcwx/5Hz+AHFAjeM=</latexit><latexit sha1_base64="eexJR5MQVPxIsEQNBtDR03kfZ8I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAN9KBac+vuXGQVvAJqUKg5qH71hzFLI5SGCap1z3MT4+dUGc4ETiv9VGNC2YSOsGdR0gi1n89XnZIz6wxJGCv7pCFz9/dETiOtsyiwnRE1Y71cm5n/1XqpCa/9nMskNSjZ4qMwFcTEZHY3GXKFzIjMAmWK210JG1NFmbHpVGwI3vLJq9C+qHuW7y9rjZsijjKcwCmcgwdX0IA7aEILGIzgGV7hzRHOi/PufCxaS04xcwx/5Hz+AHFAjeM=</latexit>

Ecs
<latexit sha1_base64="TKoC0xSIs5/P2Qw+9L7WzxCVm9w=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosiuCxgv2AdinZNG1js8mSzApl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRokUFn3/21tZXVvf2CxsFbd3dvf2SweHDatTw3idaalNK6KWS6F4HQVK3koMp3EkeTMa3UzrzSdurNDqAccJD2M6UKIvGEVnNW67GbOTbqnsV/yZyDIEOZQhV61b+ur0NEtjrpBJam078BMMM2pQMMknxU5qeULZiA5426GiMbdhNtt2Qk6d0yN9bdxTSGbu74mMxtaO48h1xhSHdrE2Nf+rtVPsX4WZUEmKXLH5R/1UEtRkejrpCcMZyrEDyoxwuxI2pIYydAEVXQjB4snL0DivBI7vL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyR9/kDo2aPKA==</latexit><latexit sha1_base64="TKoC0xSIs5/P2Qw+9L7WzxCVm9w=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosiuCxgv2AdinZNG1js8mSzApl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRokUFn3/21tZXVvf2CxsFbd3dvf2SweHDatTw3idaalNK6KWS6F4HQVK3koMp3EkeTMa3UzrzSdurNDqAccJD2M6UKIvGEVnNW67GbOTbqnsV/yZyDIEOZQhV61b+ur0NEtjrpBJam078BMMM2pQMMknxU5qeULZiA5426GiMbdhNtt2Qk6d0yN9bdxTSGbu74mMxtaO48h1xhSHdrE2Nf+rtVPsX4WZUEmKXLH5R/1UEtRkejrpCcMZyrEDyoxwuxI2pIYydAEVXQjB4snL0DivBI7vL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyR9/kDo2aPKA==</latexit><latexit sha1_base64="TKoC0xSIs5/P2Qw+9L7WzxCVm9w=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosiuCxgv2AdinZNG1js8mSzApl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRokUFn3/21tZXVvf2CxsFbd3dvf2SweHDatTw3idaalNK6KWS6F4HQVK3koMp3EkeTMa3UzrzSdurNDqAccJD2M6UKIvGEVnNW67GbOTbqnsV/yZyDIEOZQhV61b+ur0NEtjrpBJam078BMMM2pQMMknxU5qeULZiA5426GiMbdhNtt2Qk6d0yN9bdxTSGbu74mMxtaO48h1xhSHdrE2Nf+rtVPsX4WZUEmKXLH5R/1UEtRkejrpCcMZyrEDyoxwuxI2pIYydAEVXQjB4snL0DivBI7vL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyR9/kDo2aPKA==</latexit><latexit sha1_base64="TKoC0xSIs5/P2Qw+9L7WzxCVm9w=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosiuCxgv2AdinZNG1js8mSzApl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRokUFn3/21tZXVvf2CxsFbd3dvf2SweHDatTw3idaalNK6KWS6F4HQVK3koMp3EkeTMa3UzrzSdurNDqAccJD2M6UKIvGEVnNW67GbOTbqnsV/yZyDIEOZQhV61b+ur0NEtjrpBJam078BMMM2pQMMknxU5qeULZiA5426GiMbdhNtt2Qk6d0yN9bdxTSGbu74mMxtaO48h1xhSHdrE2Nf+rtVPsX4WZUEmKXLH5R/1UEtRkejrpCcMZyrEDyoxwuxI2pIYydAEVXQjB4snL0DivBI7vL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyR9/kDo2aPKA==</latexit>
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sults are then transformed into an 8-channel binary map
S 2 {0, 1}H⇥W⇥8, which is used as the ground truth of the
reconstructed segmentation maps for the input. The input
shape map Ŝ with a missing region is generated by mask-
ing out the area of a specific fashion item in the ground
truth maps. For example, in Figure 3, when synthesizing
top clothes, the shape context Ŝ is produced by masking
out the plausible top region, represented by a bounding box
covering the regions of the top and upper body skin.

In addition, to preserve the pose and identity informa-
tion in shape reconstruction, we employ similar clothing-
agnostic features ps as described in [15, 57], which includes
a pose representation, and the hair and face layout. More
specifically, the pose representation contains an 18-channel
heatmap extracted by an off-the-shelf pose estimator [4]
trained on the COCO keypoints detection dataset [30], and
the face and hair layout is computed from the same human
parser [10] represented by a binary mask whose pixels in
the face and hair regions are set to 1. Both representa-
tions are then concatenated to form ps 2 RH⇥W⇥Cs , where
Cs = 18 + 1 = 19 is the number of channels.

Directly using Ŝ and ps to reconstruct S, i.e., Gs(Ŝ, ps),
using standard image-to-image translation networks [20,
34, 15], although feasible, will lead to a unique output with-
out diversity. We draw inspiration from variational autoen-
coders, and further condition the generation process with
a latent vector zs 2 RZ, that encourages diversity through
sampling during inference. As our goal is to produce vari-
ous shapes of clothing items to fill in a missing region, we
train zs to encode shape information with Es. Given an in-
put shape xs (xs is the ground truth binary segmentation
map of the missing fashion item obtained by S), the shape
encoder Es outputs zs, leveraging a re-parameterization
trick to enable a differentiable loss function [70, 6], i.e.,
zs ⇠ Es(xs). zs is usually forced to follow a Gaussian dis-
tribution N (0, ) during training, which enables stochastic
sampling at the test time when xs is unknown:

LKL = DKL(Es(xs) || N (0, )), (1)

where DKL(p||q) =
R

p(z) log p(z)

q(z)
dz is the KL diver-

gence. The learned latent code zs, together with the shape
context Ŝ and person representation ps are input to the gen-
erator Gs to produce a complete shape map with missing
regions filled: S̄ = Gs(Ŝ, ps, zs). Further, the shape gener-
ator is optimized by minimizing the cross entropy segmen-
tation loss between S̄ and S:

Lseg = � 1

HW

HWX

m=1

CX

c=1

S log(S̄), (2)

where C = 8 is the number of channels of the segmentation
map. The shape encoder Es and the generator Gs can be

optimized jointly by minimizing:

L = Lseg + �KLLKL, (3)

where �KL is a weight balancing two loss terms. At test
time, one can directly sample from N (0, ) to generate zs,
enabling the reconstruction of a diverse set of results with
S̄ = Gs(Ŝ, ps, zs).

Although the shape generator now is able to synthesize
different garment shapes, it fails to consider visual compat-
ibility relationships. Consequently, many generated results
are visually unappealing (as will be shown in experiments).
To mitigate this problem, we constrain the sampling pro-
cess via modeling the visual compatibility relationships us-
ing existing fashion garments in the current image, which
we refer to as contextual garments, denoted as xc. To this
end, we introduce a shape compatibility encoder Ecs, with
the goal of learning the correlations between the shapes of
synthesized garments and contextual garments.

This intuition is based on the same assumption in com-
patibility modeling approaches that fashion items usually
worn together are compatible [14, 56, 52], and hence the
contextual garments (co-occurred garments) contain rich
compatibility information about the missing item. As a re-
sult, if a fashion garment is compatible with those contex-
tual garments, its shape can be determined by looking at the
context. For instance, given a men’s tank top in the contex-
tual garments, the synthesized shape of the missing garment
is more likely to be a pair of men’s shorts than a skirt. The
idea is conceptually similar to two popular models in the
text domain, i.e., continuous bag-of-words (CBOW) [37]
and skip-gram models [37]; learning to predict the repre-
sentation of a word given the representations of contextual
words around it and vice versa.

As shown in Figure 3, we first extract image segments of
contextual garments using S. Then, we form the visual rep-
resentations of the contextual garments xc by concatenating
these image segments from hat to shoes. The compatibil-
ity encoder Gcs then projects xc into a compatibility latent
vector ys, i.e., ys ⇠ Ecs(xc). In order to use ys as a prior
for generating S̄, we posit that a target garment xs and its
contextual garments xc should share the same latent space.
This is similar to the shared latent space assumption applied
in unpaired image-to-image translation [31, 18, 28]). Thus,
the KL divergence in Eqn. 1 can be modified as,

L̂KL = DKL(Es(xs) || Ecs(xc)), (4)

which penalizes the distribution of zs encoded by Es(xs)
for being too far from its compatibility latent vector ys en-
coded by Ecs(xc). The shared latent space of zs and ys

can be also considered as a compatibility space, which is
similar in spirit to modeling pairwise compatibility using
metric learning [56, 55]. Instead of reducing the distance
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<latexit sha1_base64="lE0c5JyaLeJ1ww2Vk3VOhAYAlVI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDCTBP2IDiUPOaPGWo37frniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvI4inACp3AOHlxBDe6gDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDnv+MzQ==</latexit><latexit sha1_base64="lE0c5JyaLeJ1ww2Vk3VOhAYAlVI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDCTBP2IDiUPOaPGWo37frniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvI4inACp3AOHlxBDe6gDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDnv+MzQ==</latexit><latexit sha1_base64="lE0c5JyaLeJ1ww2Vk3VOhAYAlVI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDCTBP2IDiUPOaPGWo37frniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvI4inACp3AOHlxBDe6gDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDnv+MzQ==</latexit><latexit sha1_base64="lE0c5JyaLeJ1ww2Vk3VOhAYAlVI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDCTBP2IDiUPOaPGWo37frniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvI4inACp3AOHlxBDe6gDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDnv+MzQ==</latexit>Ī<latexit sha1_base64="tJ6yZDI5DGcAC4Kj+/el+PRqIY0=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToRNeSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB7XOOsA==</latexit><latexit sha1_base64="tJ6yZDI5DGcAC4Kj+/el+PRqIY0=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToRNeSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB7XOOsA==</latexit><latexit sha1_base64="tJ6yZDI5DGcAC4Kj+/el+PRqIY0=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToRNeSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB7XOOsA==</latexit><latexit sha1_base64="tJ6yZDI5DGcAC4Kj+/el+PRqIY0=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToRNeSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB7XOOsA==</latexit>Î

<latexit sha1_base64="ZZZFg3ANueb8hPqqLjXJ5NfZmSo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToDiuSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB+a+OuA==</latexit><latexit sha1_base64="ZZZFg3ANueb8hPqqLjXJ5NfZmSo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToDiuSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB+a+OuA==</latexit><latexit sha1_base64="ZZZFg3ANueb8hPqqLjXJ5NfZmSo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToDiuSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB+a+OuA==</latexit><latexit sha1_base64="ZZZFg3ANueb8hPqqLjXJ5NfZmSo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToDiuSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB+a+OuA==</latexit>

Appearance
Context

Original
Image

Generated
Image

Ea
<latexit sha1_base64="YccR6Mq+HpgKYpMyNLtKIIiP90s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lAm2027dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqaKsSWMRq06AmgkuWdNwI1gnUQyjQLB2ML6Z1dtPTGkey0czSZgf4VDykFM01nq47WO/XHGr7lxkFbwcKpCr0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrUWLEtJ/NV52SM+sMSBgr+6Qhc/f3RIaR1pMosJ0RmpFers3M/2rd1IRXfsZlkhom6eKjMBXExGR2NxlwxagREwtIFbe7EjpChdTYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwbAjZ0=</latexit><latexit sha1_base64="YccR6Mq+HpgKYpMyNLtKIIiP90s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lAm2027dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqaKsSWMRq06AmgkuWdNwI1gnUQyjQLB2ML6Z1dtPTGkey0czSZgf4VDykFM01nq47WO/XHGr7lxkFbwcKpCr0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrUWLEtJ/NV52SM+sMSBgr+6Qhc/f3RIaR1pMosJ0RmpFers3M/2rd1IRXfsZlkhom6eKjMBXExGR2NxlwxagREwtIFbe7EjpChdTYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwbAjZ0=</latexit><latexit sha1_base64="YccR6Mq+HpgKYpMyNLtKIIiP90s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lAm2027dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqaKsSWMRq06AmgkuWdNwI1gnUQyjQLB2ML6Z1dtPTGkey0czSZgf4VDykFM01nq47WO/XHGr7lxkFbwcKpCr0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrUWLEtJ/NV52SM+sMSBgr+6Qhc/f3RIaR1pMosJ0RmpFers3M/2rd1IRXfsZlkhom6eKjMBXExGR2NxlwxagREwtIFbe7EjpChdTYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwbAjZ0=</latexit><latexit sha1_base64="YccR6Mq+HpgKYpMyNLtKIIiP90s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lAm2027dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqaKsSWMRq06AmgkuWdNwI1gnUQyjQLB2ML6Z1dtPTGkey0czSZgf4VDykFM01nq47WO/XHGr7lxkFbwcKpCr0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrUWLEtJ/NV52SM+sMSBgr+6Qhc/f3RIaR1pMosJ0RmpFers3M/2rd1IRXfsZlkhom6eKjMBXExGR2NxlwxagREwtIFbe7EjpChdTYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwbAjZ0=</latexit>

xa
<latexit sha1_base64="xBsbap4YNz/rk7ME5Iu9Rb4pFfs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1RyjdA=</latexit><latexit sha1_base64="xBsbap4YNz/rk7ME5Iu9Rb4pFfs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1RyjdA=</latexit><latexit sha1_base64="xBsbap4YNz/rk7ME5Iu9Rb4pFfs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1RyjdA=</latexit><latexit sha1_base64="xBsbap4YNz/rk7ME5Iu9Rb4pFfs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1RyjdA=</latexit>

za
<latexit sha1_base64="JzpC8TYWBoslVGtigtVr5kw8CPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d+jdI=</latexit><latexit sha1_base64="JzpC8TYWBoslVGtigtVr5kw8CPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d+jdI=</latexit><latexit sha1_base64="JzpC8TYWBoslVGtigtVr5kw8CPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d+jdI=</latexit><latexit sha1_base64="JzpC8TYWBoslVGtigtVr5kw8CPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d+jdI=</latexit>

ya
<latexit sha1_base64="712u9o31eY21fn5ApdQE2Bqk830=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmHziXMTIQQ+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOHyWcGev7315lbX1jc6u6XdvZ3ds/qB8edY1KNaEdorjSvQgbypmkHcssp71EUywiTh+j6W1Rf3yi2jAlH2yW0FDgsWQxI9gWVjbEtWG94Tf9udAqBCU0oFR7WP8ajBRJBZWWcGxMP/ATG+ZYW0Y4ndUGqaEJJlM8pn2HEgtqwny+6wydOWeEYqXdkxbN3d8TORbGZCJynQLbiVmuFeZ/tX5q4+swZzJJLZVk8VGccmQVKg5HI6YpsTxzgIlmbldEJlhjYl08RQjB8smr0L1oBo7vLxutmzKOKpzAKZxDAFfQgjtoQwcITOAZXuHNE96L9+59LForXjlzDH/kff4Ai0GN5Q==</latexit><latexit sha1_base64="712u9o31eY21fn5ApdQE2Bqk830=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmHziXMTIQQ+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOHyWcGev7315lbX1jc6u6XdvZ3ds/qB8edY1KNaEdorjSvQgbypmkHcssp71EUywiTh+j6W1Rf3yi2jAlH2yW0FDgsWQxI9gWVjbEtWG94Tf9udAqBCU0oFR7WP8ajBRJBZWWcGxMP/ATG+ZYW0Y4ndUGqaEJJlM8pn2HEgtqwny+6wydOWeEYqXdkxbN3d8TORbGZCJynQLbiVmuFeZ/tX5q4+swZzJJLZVk8VGccmQVKg5HI6YpsTxzgIlmbldEJlhjYl08RQjB8smr0L1oBo7vLxutmzKOKpzAKZxDAFfQgjtoQwcITOAZXuHNE96L9+59LForXjlzDH/kff4Ai0GN5Q==</latexit><latexit sha1_base64="712u9o31eY21fn5ApdQE2Bqk830=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmHziXMTIQQ+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOHyWcGev7315lbX1jc6u6XdvZ3ds/qB8edY1KNaEdorjSvQgbypmkHcssp71EUywiTh+j6W1Rf3yi2jAlH2yW0FDgsWQxI9gWVjbEtWG94Tf9udAqBCU0oFR7WP8ajBRJBZWWcGxMP/ATG+ZYW0Y4ndUGqaEJJlM8pn2HEgtqwny+6wydOWeEYqXdkxbN3d8TORbGZCJynQLbiVmuFeZ/tX5q4+swZzJJLZVk8VGccmQVKg5HI6YpsTxzgIlmbldEJlhjYl08RQjB8smr0L1oBo7vLxutmzKOKpzAKZxDAFfQgjtoQwcITOAZXuHNE96L9+59LForXjlzDH/kff4Ai0GN5Q==</latexit><latexit sha1_base64="712u9o31eY21fn5ApdQE2Bqk830=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmHziXMTIQQ+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOHyWcGev7315lbX1jc6u6XdvZ3ds/qB8edY1KNaEdorjSvQgbypmkHcssp71EUywiTh+j6W1Rf3yi2jAlH2yW0FDgsWQxI9gWVjbEtWG94Tf9udAqBCU0oFR7WP8ajBRJBZWWcGxMP/ATG+ZYW0Y4ndUGqaEJJlM8pn2HEgtqwny+6wydOWeEYqXdkxbN3d8TORbGZCJynQLbiVmuFeZ/tX5q4+swZzJJLZVk8VGccmQVKg5HI6YpsTxzgIlmbldEJlhjYl08RQjB8smr0L1oBo7vLxutmzKOKpzAKZxDAFfQgjtoQwcITOAZXuHNE96L9+59LForXjlzDH/kff4Ai0GN5Q==</latexit>

Eca
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Figure 4: Our appearance generation network.

between two compatible samples, we minimize the differ-
ence between two distributions as we need randomness for
generating diverse multi-modal results. Through optimiz-
ing Eqn. 4, the generation of S̄ = Gs(Ŝ, ps, zs) not only
is aware of the inherent compatibility information embed-
ded in contextual garments, but also enables compatibility-
aware sampling during inference when xs is not available—
we can simply sample ys from Ecs(xc), and compute the
final synthesized shape map using S̄ = Gs(Ŝ, ps, ys). Con-
sequently, the generated clothing layouts should be visually
compatible to existing contextual garments. The final ob-
jective function of our shape generation network is

Ls = Lseg + �KLL̂KL. (5)

3.2. Appearance Generation Network
As illustrated in Figure 2, the generated compatible

shapes of the missing item are input into the appearance
generation network to generate compatible appearances.
The network has an almost identical structure as our shape
generation network, consisting of an encoder-decoder gen-
erator Ga for reconstruction, an appearance encoder Ea that
encodes the desired appearance into a latent vector za, and
an appearance compatibility encoder Eca that projects the
appearances of contextual garments into a latent appearance
compatibility vector ya. Nevertheless, the appearance gen-
eration differs from the one modeling shapes in the follow-
ing aspects. First, as shown in Figure 4, the appearance
encoder Ea takes the appearance of a missing clothing item
as input instead of its shape, to produce a latent appearance
code za as input to Ga for appearance reconstruction.

In addition, unlike Gs that reconstructs a segmentation
map by minimizing a cross entropy loss, the appearance
generator Ga focuses on reconstructing the original image
I in RGB space, given the appearance context Î , in which
the fashion item of interest is missing. Further, the person
representation pa 2 RH⇥W⇥11 that is input to Ga consists
of the ground truth segmentation map S 2 RH⇥W⇥8 (at

test time, we use the segmentation map S̄ generated by our
first stage as S is not available), as well as a face and hair
RGB segment. The segmentation map contains richer in-
formation than merely using keypoints about the person’s
configuration and body shape, and the face and hair image
constrains the network to preserve the person’s identity in
the reconstructed image Ī = Ga(Î , pa, za). To reconstruct
I from Ī , we adopt the losses widely used in style trans-
fer [22, 59, 60], which contains a perceptual loss that mini-
mizes the distance between the corresponding feature maps
of I and Ī in a perceptual neural network, and a style loss
that matches their style information:

Lrec =
5X

l=0

�l||�l(I)��l(Ī)||1 +
5X

l=1

�l||Gl(I)�Gl(Ī)||1,

(6)
where �l(I) is the l-th feature map of image I in a VGG-19
[51] network pre-trained on ImageNet. When l � 1, we use
conv1 2, conv2 2, conv3 2, conv4 2, and conv5 2
layers in the network, while �0(I) = I . In the second term,
Gl 2 RCl⇥Cl is the Gram matrix [8], which calculates the
inner product between vectorized feature maps:

Gl(I)ij =
HlWlX

k=1

�l(I)ik�l(I)jk , (7)

where �l(I) 2 RCl⇥HlWl is the same as in the perceptual
loss term, and Cl is its channel dimension. �l and �l in
Eqn. 6 are hyper-parameters balancing the contributions of
different layers, and are set automatically following [15, 3].
By minimizing Eqn. 6, we encourage the reconstructed im-
age to have similar high-level contents as well as detailed
textures and patterns as the original image.

In addition, to encourage diversity in synthesized appear-
ance (i.e., different textures, colors, etc.), we leverage an ap-
pearance compatibility encoder Eca, taking the contextual
garments xc as inputs to condition the generation by a KL
divergence term L̂KL = DKL(Ea(xa) || Eca(xc)). The
objective function of our appearance generation network is:

La = Lrec + �KLL̂KL. (8)

Similar to the shape generation network, our appearance
generation network, by modeling appearance compatibil-
ity, can render a diverse set of visually compatible ap-
pearances conditioned on the generated clothing segmen-
tation map and the latent appearance code during inference:
Ī = Ga(Î , pa, ya), where ya ⇠ Eca(xc).

3.3. Discussion
While sharing the exact same network architecture and

inputs, the shape compatibility encoder Ecs and the appear-
ance compatibility encoder Eca model different aspects of
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<latexit sha1_base64="ZZZFg3ANueb8hPqqLjXJ5NfZmSo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToDiuSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB+a+OuA==</latexit><latexit sha1_base64="ZZZFg3ANueb8hPqqLjXJ5NfZmSo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToDiuSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB+a+OuA==</latexit><latexit sha1_base64="ZZZFg3ANueb8hPqqLjXJ5NfZmSo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToDiuSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB+a+OuA==</latexit><latexit sha1_base64="ZZZFg3ANueb8hPqqLjXJ5NfZmSo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetFbBfsB7VKyabaNzSZLMiuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVIpLPr+t7eyura+sVnYKm7v7O7tlw4OG1ZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJnWm0/cWKHVA45SHia0r0QsGEVnNToDiuSuWyr7FX8msgxBDmXIVeuWvjo9zbKEK2SSWtsO/BTDMTUomOSTYiezPKVsSPu87VDRhNtwPNt2Qk6d0yOxNu4pJDP398SYJtaOksh1JhQHdrE2Nf+rtTOMr8KxUGmGXLH5R3EmCWoyPZ30hOEM5cgBZUa4XQkbUEMZuoCKLoRg8eRlaJxXAsf3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuEZXuHN096L9+59zFtXvHzmCP7I+/wB+a+OuA==</latexit>

xc
<latexit sha1_base64="ds2DQRLXTsP5eNJKN6FAD/KzzIs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qxfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d6jdI=</latexit><latexit sha1_base64="ds2DQRLXTsP5eNJKN6FAD/KzzIs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qxfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d6jdI=</latexit><latexit sha1_base64="ds2DQRLXTsP5eNJKN6FAD/KzzIs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qxfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d6jdI=</latexit><latexit sha1_base64="ds2DQRLXTsP5eNJKN6FAD/KzzIs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+qxfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d6jdI=</latexit>
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Generated
Image

Ea
<latexit sha1_base64="YccR6Mq+HpgKYpMyNLtKIIiP90s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lAm2027dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqaKsSWMRq06AmgkuWdNwI1gnUQyjQLB2ML6Z1dtPTGkey0czSZgf4VDykFM01nq47WO/XHGr7lxkFbwcKpCr0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrUWLEtJ/NV52SM+sMSBgr+6Qhc/f3RIaR1pMosJ0RmpFers3M/2rd1IRXfsZlkhom6eKjMBXExGR2NxlwxagREwtIFbe7EjpChdTYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwbAjZ0=</latexit><latexit sha1_base64="YccR6Mq+HpgKYpMyNLtKIIiP90s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lAm2027dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqaKsSWMRq06AmgkuWdNwI1gnUQyjQLB2ML6Z1dtPTGkey0czSZgf4VDykFM01nq47WO/XHGr7lxkFbwcKpCr0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrUWLEtJ/NV52SM+sMSBgr+6Qhc/f3RIaR1pMosJ0RmpFers3M/2rd1IRXfsZlkhom6eKjMBXExGR2NxlwxagREwtIFbe7EjpChdTYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwbAjZ0=</latexit><latexit sha1_base64="YccR6Mq+HpgKYpMyNLtKIIiP90s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lAm2027dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqaKsSWMRq06AmgkuWdNwI1gnUQyjQLB2ML6Z1dtPTGkey0czSZgf4VDykFM01nq47WO/XHGr7lxkFbwcKpCr0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrUWLEtJ/NV52SM+sMSBgr+6Qhc/f3RIaR1pMosJ0RmpFers3M/2rd1IRXfsZlkhom6eKjMBXExGR2NxlwxagREwtIFbe7EjpChdTYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwbAjZ0=</latexit><latexit sha1_base64="YccR6Mq+HpgKYpMyNLtKIIiP90s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lAm2027dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqaKsSWMRq06AmgkuWdNwI1gnUQyjQLB2ML6Z1dtPTGkey0czSZgf4VDykFM01nq47WO/XHGr7lxkFbwcKpCr0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrUWLEtJ/NV52SM+sMSBgr+6Qhc/f3RIaR1pMosJ0RmpFers3M/2rd1IRXfsZlkhom6eKjMBXExGR2NxlwxagREwtIFbe7EjpChdTYdEo2BG/55FVoXVQ9y/eXlfp1HkcRTuAUzsGDGtThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwbAjZ0=</latexit>

xa
<latexit sha1_base64="xBsbap4YNz/rk7ME5Iu9Rb4pFfs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1RyjdA=</latexit><latexit sha1_base64="xBsbap4YNz/rk7ME5Iu9Rb4pFfs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1RyjdA=</latexit><latexit sha1_base64="xBsbap4YNz/rk7ME5Iu9Rb4pFfs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1RyjdA=</latexit><latexit sha1_base64="xBsbap4YNz/rk7ME5Iu9Rb4pFfs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1RyjdA=</latexit>

za
<latexit sha1_base64="JzpC8TYWBoslVGtigtVr5kw8CPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d+jdI=</latexit><latexit sha1_base64="JzpC8TYWBoslVGtigtVr5kw8CPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d+jdI=</latexit><latexit sha1_base64="JzpC8TYWBoslVGtigtVr5kw8CPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d+jdI=</latexit><latexit sha1_base64="JzpC8TYWBoslVGtigtVr5kw8CPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rRfrrhVdy6yCl4OFcjV6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrUdGIGz+brzolZ9YZkDDW9ikkc/f3REYjYyZRYDsjiiOzXJuZ/9W6KYZXfiZUkiJXbPFRmEqCMZndTQZCc4ZyYoEyLeyuhI2opgxtOiUbgrd88iq0Lqqe5bvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPH1d+jdI=</latexit>

ya
<latexit sha1_base64="712u9o31eY21fn5ApdQE2Bqk830=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmHziXMTIQQ+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOHyWcGev7315lbX1jc6u6XdvZ3ds/qB8edY1KNaEdorjSvQgbypmkHcssp71EUywiTh+j6W1Rf3yi2jAlH2yW0FDgsWQxI9gWVjbEtWG94Tf9udAqBCU0oFR7WP8ajBRJBZWWcGxMP/ATG+ZYW0Y4ndUGqaEJJlM8pn2HEgtqwny+6wydOWeEYqXdkxbN3d8TORbGZCJynQLbiVmuFeZ/tX5q4+swZzJJLZVk8VGccmQVKg5HI6YpsTxzgIlmbldEJlhjYl08RQjB8smr0L1oBo7vLxutmzKOKpzAKZxDAFfQgjtoQwcITOAZXuHNE96L9+59LForXjlzDH/kff4Ai0GN5Q==</latexit><latexit sha1_base64="712u9o31eY21fn5ApdQE2Bqk830=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmHziXMTIQQ+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOHyWcGev7315lbX1jc6u6XdvZ3ds/qB8edY1KNaEdorjSvQgbypmkHcssp71EUywiTh+j6W1Rf3yi2jAlH2yW0FDgsWQxI9gWVjbEtWG94Tf9udAqBCU0oFR7WP8ajBRJBZWWcGxMP/ATG+ZYW0Y4ndUGqaEJJlM8pn2HEgtqwny+6wydOWeEYqXdkxbN3d8TORbGZCJynQLbiVmuFeZ/tX5q4+swZzJJLZVk8VGccmQVKg5HI6YpsTxzgIlmbldEJlhjYl08RQjB8smr0L1oBo7vLxutmzKOKpzAKZxDAFfQgjtoQwcITOAZXuHNE96L9+59LForXjlzDH/kff4Ai0GN5Q==</latexit><latexit sha1_base64="712u9o31eY21fn5ApdQE2Bqk830=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmHziXMTIQQ+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOHyWcGev7315lbX1jc6u6XdvZ3ds/qB8edY1KNaEdorjSvQgbypmkHcssp71EUywiTh+j6W1Rf3yi2jAlH2yW0FDgsWQxI9gWVjbEtWG94Tf9udAqBCU0oFR7WP8ajBRJBZWWcGxMP/ATG+ZYW0Y4ndUGqaEJJlM8pn2HEgtqwny+6wydOWeEYqXdkxbN3d8TORbGZCJynQLbiVmuFeZ/tX5q4+swZzJJLZVk8VGccmQVKg5HI6YpsTxzgIlmbldEJlhjYl08RQjB8smr0L1oBo7vLxutmzKOKpzAKZxDAFfQgjtoQwcITOAZXuHNE96L9+59LForXjlzDH/kff4Ai0GN5Q==</latexit><latexit sha1_base64="712u9o31eY21fn5ApdQE2Bqk830=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmHziXMTIQQ+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOHyWcGev7315lbX1jc6u6XdvZ3ds/qB8edY1KNaEdorjSvQgbypmkHcssp71EUywiTh+j6W1Rf3yi2jAlH2yW0FDgsWQxI9gWVjbEtWG94Tf9udAqBCU0oFR7WP8ajBRJBZWWcGxMP/ATG+ZYW0Y4ndUGqaEJJlM8pn2HEgtqwny+6wydOWeEYqXdkxbN3d8TORbGZCJynQLbiVmuFeZ/tX5q4+swZzJJLZVk8VGccmQVKg5HI6YpsTxzgIlmbldEJlhjYl08RQjB8smr0L1oBo7vLxutmzKOKpzAKZxDAFfQgjtoQwcITOAZXuHNE96L9+59LForXjlzDH/kff4Ai0GN5Q==</latexit>

Eca
<latexit sha1_base64="3Le2C6kHbAM/MJOc9Q1+fvZO/FU=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosiuCxgv2AdimzadrGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7eyura+sVnYKm7v7O7tlw4OG0almrI6VULpVoSGCS5Z3XIrWCvRDONIsGY0upnWm09MG67kgx0nLIxxIHmfU7TOatx2M4qTbqnsV/yZyDIEOZQhV61b+ur0FE1jJi0VaEw78BMbZqgtp4JNip3UsATpCAes7VBizEyYzbadkFPn9EhfafekJTP390SGsTHjOHKdMdqhWaxNzf9q7dT2r8KMyyS1TNL5R/1UEKvI9HTS45pRK8YOkGrudiV0iBqpdQEVXQjB4snL0DivBI7vL8rV6zyOAhzDCZxBAJdQhTuoQR0oPMIzvMKbp7wX7937mLeuePnMEfyR9/kDiAyPFg==</latexit><latexit sha1_base64="3Le2C6kHbAM/MJOc9Q1+fvZO/FU=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosiuCxgv2AdimzadrGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7eyura+sVnYKm7v7O7tlw4OG0almrI6VULpVoSGCS5Z3XIrWCvRDONIsGY0upnWm09MG67kgx0nLIxxIHmfU7TOatx2M4qTbqnsV/yZyDIEOZQhV61b+ur0FE1jJi0VaEw78BMbZqgtp4JNip3UsATpCAes7VBizEyYzbadkFPn9EhfafekJTP390SGsTHjOHKdMdqhWaxNzf9q7dT2r8KMyyS1TNL5R/1UEKvI9HTS45pRK8YOkGrudiV0iBqpdQEVXQjB4snL0DivBI7vL8rV6zyOAhzDCZxBAJdQhTuoQR0oPMIzvMKbp7wX7937mLeuePnMEfyR9/kDiAyPFg==</latexit><latexit sha1_base64="3Le2C6kHbAM/MJOc9Q1+fvZO/FU=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosiuCxgv2AdimzadrGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7eyura+sVnYKm7v7O7tlw4OG0almrI6VULpVoSGCS5Z3XIrWCvRDONIsGY0upnWm09MG67kgx0nLIxxIHmfU7TOatx2M4qTbqnsV/yZyDIEOZQhV61b+ur0FE1jJi0VaEw78BMbZqgtp4JNip3UsATpCAes7VBizEyYzbadkFPn9EhfafekJTP390SGsTHjOHKdMdqhWaxNzf9q7dT2r8KMyyS1TNL5R/1UEKvI9HTS45pRK8YOkGrudiV0iBqpdQEVXQjB4snL0DivBI7vL8rV6zyOAhzDCZxBAJdQhTuoQR0oPMIzvMKbp7wX7937mLeuePnMEfyR9/kDiAyPFg==</latexit><latexit sha1_base64="3Le2C6kHbAM/MJOc9Q1+fvZO/FU=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosiuCxgv2AdimzadrGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7eyura+sVnYKm7v7O7tlw4OG0almrI6VULpVoSGCS5Z3XIrWCvRDONIsGY0upnWm09MG67kgx0nLIxxIHmfU7TOatx2M4qTbqnsV/yZyDIEOZQhV61b+ur0FE1jJi0VaEw78BMbZqgtp4JNip3UsATpCAes7VBizEyYzbadkFPn9EhfafekJTP390SGsTHjOHKdMdqhWaxNzf9q7dT2r8KMyyS1TNL5R/1UEKvI9HTS45pRK8YOkGrudiV0iBqpdQEVXQjB4snL0DivBI7vL8rV6zyOAhzDCZxBAJdQhTuoQR0oPMIzvMKbp7wX7937mLeuePnMEfyR9/kDiAyPFg==</latexit>

Test Sampling

Test sampling from

shape/appearance encoder.

Input a target clothing

for reconstruction.



Virtual Try-on Results



Virtual Try-on Results
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Ma et al. NIPS 2017

• Does not model geometric transformations.

• Cannot preserve appearance details (textures, logos, graphics).

Pose-guided Person Image Generation



Pose guided person generation Virtual try-on

• Warp clothing regions

by estimating

appearance flow

between two images.

• Appearance flow: a 

2D dense flow field 

specifying which 

pixels in the source 

image could be 

redirected to 

reconstruct the target 

image.

Our Results



ClothFlow Framework



• Extract poses and segmentation maps with off-the-shelf models.

• U-Net predicts the target segmentation map with segmentation loss.

• Provide structural constraints for generating appearance.

Hallucinate Target Segmentation Map 



• Borrow idea from optical flow estimation.

• Dual feature pyramid networks to encode source and target information.

• Gradually estimate the appearance flow in a cascaded fashion.

• Warped clothing: perceptual loss; Warped segmentation: L1 loss.

Estimate Flow between Source and Target 



• U-Net taking all guidance to synthesize the final result.

• Train: use GT target segmentation. Testing: Synthesized segmentation from stage 1.

Render the Final Result



Pair-wise user preference

Quantitative comparison

Pose-guided Person Generation Results



Virtual Try-on: Replace the source image by a clothing image



Content Creation at Huya
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虚拟直播风声水起



虎牙的虚拟直播



存在问题

依赖动捕设备 虚拟形象自由度低 限制小主播，缺少新玩法



低成本方案：基于单张图片的人脸驱动虚拟直播

第一步：上传单张图片 第二步：单目摄像头直播 第三步：动起来



更多结果

该算法有两种模式：
左：无法很好的保持身份，头可以自
由转动
右：头不能自由转动，但是身份保持
得很好



肢体驱动



招聘啦

当前是视觉+图形学最好的时代！
地点：深圳/广州
职位：全职/实习
视觉/图形学：人脸/人体 建模/驱动/生成
语音：识别/合成
联系方式： hanxintong@huya.com



THANK YOU


