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<latexit sha1_base64="A15cbV/CqFF5w1orl9kUpCkCj8s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyI4GNVcONGqODYQjuUTJppQ5PMmGQKZeh3uHGh4tafceffmGlnoa0HAodz7uWenDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/4FHHqSLUJzGPVTvEmnImqW+Y4bSdKIpFyGkrHN3kfmtMlWaxfDCThAYCDySLGMHGSkFXYDMkmGd3096oV625dXcGtEy8gtSgQLNX/er2Y5IKKg3hWOuO5yYmyLAyjHA6rXRTTRNMRnhAO5ZKLKgOslnoKTqxSh9FsbJPGjRTf29kWGg9EaGdzEPqRS8X//M6qYkug4zJJDVUkvmhKOXIxChvAPWZosTwiSWYKGazIjLEChNje6rYErzFLy8T/6x+Vffuz2uN66KNMhzBMZyCBxfQgFtogg8EnuAZXuHNGTsvzrvzMR8tOcXOIfyB8/kDby2SDQ==</latexit><latexit sha1_base64="A15cbV/CqFF5w1orl9kUpCkCj8s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyI4GNVcONGqODYQjuUTJppQ5PMmGQKZeh3uHGh4tafceffmGlnoa0HAodz7uWenDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/4FHHqSLUJzGPVTvEmnImqW+Y4bSdKIpFyGkrHN3kfmtMlWaxfDCThAYCDySLGMHGSkFXYDMkmGd3096oV625dXcGtEy8gtSgQLNX/er2Y5IKKg3hWOuO5yYmyLAyjHA6rXRTTRNMRnhAO5ZKLKgOslnoKTqxSh9FsbJPGjRTf29kWGg9EaGdzEPqRS8X//M6qYkug4zJJDVUkvmhKOXIxChvAPWZosTwiSWYKGazIjLEChNje6rYErzFLy8T/6x+Vffuz2uN66KNMhzBMZyCBxfQgFtogg8EnuAZXuHNGTsvzrvzMR8tOcXOIfyB8/kDby2SDQ==</latexit><latexit sha1_base64="A15cbV/CqFF5w1orl9kUpCkCj8s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyI4GNVcONGqODYQjuUTJppQ5PMmGQKZeh3uHGh4tafceffmGlnoa0HAodz7uWenDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/4FHHqSLUJzGPVTvEmnImqW+Y4bSdKIpFyGkrHN3kfmtMlWaxfDCThAYCDySLGMHGSkFXYDMkmGd3096oV625dXcGtEy8gtSgQLNX/er2Y5IKKg3hWOuO5yYmyLAyjHA6rXRTTRNMRnhAO5ZKLKgOslnoKTqxSh9FsbJPGjRTf29kWGg9EaGdzEPqRS8X//M6qYkug4zJJDVUkvmhKOXIxChvAPWZosTwiSWYKGazIjLEChNje6rYErzFLy8T/6x+Vffuz2uN66KNMhzBMZyCBxfQgFtogg8EnuAZXuHNGTsvzrvzMR8tOcXOIfyB8/kDby2SDQ==</latexit><latexit sha1_base64="A15cbV/CqFF5w1orl9kUpCkCj8s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyI4GNVcONGqODYQjuUTJppQ5PMmGQKZeh3uHGh4tafceffmGlnoa0HAodz7uWenDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/4FHHqSLUJzGPVTvEmnImqW+Y4bSdKIpFyGkrHN3kfmtMlWaxfDCThAYCDySLGMHGSkFXYDMkmGd3096oV625dXcGtEy8gtSgQLNX/er2Y5IKKg3hWOuO5yYmyLAyjHA6rXRTTRNMRnhAO5ZKLKgOslnoKTqxSh9FsbJPGjRTf29kWGg9EaGdzEPqRS8X//M6qYkug4zJJDVUkvmhKOXIxChvAPWZosTwiSWYKGazIjLEChNje6rYErzFLy8T/6x+Vffuz2uN66KNMhzBMZyCBxfQgFtogg8EnuAZXuHNGTsvzrvzMR8tOcXOIfyB8/kDby2SDQ==</latexit>

Mk+1
<latexit sha1_base64="qcodGPlBTYrj98UJOUuGyq/Cfuc=">AAAB+XicbVDLSsNAFL2pr1pfqS7dBIsgCCURwceq4MaNUMHYQhvCZDpph04mYWailJhPceNCxa1/4s6/cdJmoa0HBg7n3Ms9c4KEUals+9uoLC2vrK5V12sbm1vbO2Z9917GqcDExTGLRTdAkjDKiauoYqSbCIKigJFOML4q/M4DEZLG/E5NEuJFaMhpSDFSWvLNej9CaoQRy25yPxsfO7lvNuymPYW1SJySNKBE2ze/+oMYpxHhCjMkZc+xE+VlSCiKGclr/VSSBOExGpKephxFRHrZNHpuHWplYIWx0I8ra6r+3shQJOUkCvRkEVTOe4X4n9dLVXjuZZQnqSIczw6FKbNUbBU9WAMqCFZsognCguqsFh4hgbDSbdV0Cc78lxeJe9K8aDq3p43WZdlGFfbhAI7AgTNowTW0wQUMj/AMr/BmPBkvxrvxMRutGOXOHvyB8fkDlD6Tug==</latexit><latexit sha1_base64="qcodGPlBTYrj98UJOUuGyq/Cfuc=">AAAB+XicbVDLSsNAFL2pr1pfqS7dBIsgCCURwceq4MaNUMHYQhvCZDpph04mYWailJhPceNCxa1/4s6/cdJmoa0HBg7n3Ms9c4KEUals+9uoLC2vrK5V12sbm1vbO2Z9917GqcDExTGLRTdAkjDKiauoYqSbCIKigJFOML4q/M4DEZLG/E5NEuJFaMhpSDFSWvLNej9CaoQRy25yPxsfO7lvNuymPYW1SJySNKBE2ze/+oMYpxHhCjMkZc+xE+VlSCiKGclr/VSSBOExGpKephxFRHrZNHpuHWplYIWx0I8ra6r+3shQJOUkCvRkEVTOe4X4n9dLVXjuZZQnqSIczw6FKbNUbBU9WAMqCFZsognCguqsFh4hgbDSbdV0Cc78lxeJe9K8aDq3p43WZdlGFfbhAI7AgTNowTW0wQUMj/AMr/BmPBkvxrvxMRutGOXOHvyB8fkDlD6Tug==</latexit><latexit sha1_base64="qcodGPlBTYrj98UJOUuGyq/Cfuc=">AAAB+XicbVDLSsNAFL2pr1pfqS7dBIsgCCURwceq4MaNUMHYQhvCZDpph04mYWailJhPceNCxa1/4s6/cdJmoa0HBg7n3Ms9c4KEUals+9uoLC2vrK5V12sbm1vbO2Z9917GqcDExTGLRTdAkjDKiauoYqSbCIKigJFOML4q/M4DEZLG/E5NEuJFaMhpSDFSWvLNej9CaoQRy25yPxsfO7lvNuymPYW1SJySNKBE2ze/+oMYpxHhCjMkZc+xE+VlSCiKGclr/VSSBOExGpKephxFRHrZNHpuHWplYIWx0I8ra6r+3shQJOUkCvRkEVTOe4X4n9dLVXjuZZQnqSIczw6FKbNUbBU9WAMqCFZsognCguqsFh4hgbDSbdV0Cc78lxeJe9K8aDq3p43WZdlGFfbhAI7AgTNowTW0wQUMj/AMr/BmPBkvxrvxMRutGOXOHvyB8fkDlD6Tug==</latexit><latexit sha1_base64="qcodGPlBTYrj98UJOUuGyq/Cfuc=">AAAB+XicbVDLSsNAFL2pr1pfqS7dBIsgCCURwceq4MaNUMHYQhvCZDpph04mYWailJhPceNCxa1/4s6/cdJmoa0HBg7n3Ms9c4KEUals+9uoLC2vrK5V12sbm1vbO2Z9917GqcDExTGLRTdAkjDKiauoYqSbCIKigJFOML4q/M4DEZLG/E5NEuJFaMhpSDFSWvLNej9CaoQRy25yPxsfO7lvNuymPYW1SJySNKBE2ze/+oMYpxHhCjMkZc+xE+VlSCiKGclr/VSSBOExGpKephxFRHrZNHpuHWplYIWx0I8ra6r+3shQJOUkCvRkEVTOe4X4n9dLVXjuZZQnqSIczw6FKbNUbBU9WAMqCFZsognCguqsFh4hgbDSbdV0Cc78lxeJe9K8aDq3p43WZdlGFfbhAI7AgTNowTW0wQUMj/AMr/BmPBkvxrvxMRutGOXOHvyB8fkDlD6Tug==</latexit>

...
...

(3D)

Local Refinement
Network

Volumetric
Feature Sampling

iterate k

{L(j)
l }Nk

j=1
<latexit sha1_base64="nN8trtYMCVGEj2vJP8PVTgwK4Bk="></latexit><latexit sha1_base64="nN8trtYMCVGEj2vJP8PVTgwK4Bk="></latexit><latexit sha1_base64="nN8trtYMCVGEj2vJP8PVTgwK4Bk="></latexit><latexit sha1_base64="nN8trtYMCVGEj2vJP8PVTgwK4Bk="></latexit>

Local Stage

{C(j)
l }Nk

j=1
<latexit sha1_base64="sGzZC4cmiHtSyl/wDI5ktBsyRgc="></latexit><latexit sha1_base64="sGzZC4cmiHtSyl/wDI5ktBsyRgc="></latexit><latexit sha1_base64="sGzZC4cmiHtSyl/wDI5ktBsyRgc="></latexit><latexit sha1_base64="sGzZC4cmiHtSyl/wDI5ktBsyRgc="></latexit>

(

<latexit sha1_base64="iS6hLHIGQAtuqqoF3pp8p2JWiHI=">AAACB3icdVDLSgMxFM34rPVVdenCYBFcDRntYMdVwY3LCtYW2lIy6W0bmskMSUYoQ5du/BU3LlTc+gvu/BvTh6CihwQO59ybm3vCRHBtCPlwFhaXlldWc2v59Y3Nre3Czu6NjlPFoMZiEatGSDUILqFmuBHQSBTQKBRQD4cXE79+C0rzWF6bUQLtiPYl73FGjZU6hYNWCH0uM2bf0ON8qzU9ILtzpVMoEpf4ge8RTFyfeMHphARBueT72HPJFEU0R7VTeG91Y5ZGIA0TVOumRxLTzqgynAmwE1INCWVD2oempZJGoNvZdJExPrJKF/diZa80eKp+78hopPUoCm1lRM1A//Ym4l9eMzW9cjvjMkkNSDYb1EsFNjGepIK7XAEzYmQJZYrbv2I2oIoyY7PL2xC+NsX/k9qJG7jeValYOZ+nkUP76BAdIw+doQq6RFVUQwzdoQf0hJ6de+fReXFeZ6ULzrxnD/2A8/YJBPmZiw==</latexit><latexit sha1_base64="iS6hLHIGQAtuqqoF3pp8p2JWiHI=">AAACB3icdVDLSgMxFM34rPVVdenCYBFcDRntYMdVwY3LCtYW2lIy6W0bmskMSUYoQ5du/BU3LlTc+gvu/BvTh6CihwQO59ybm3vCRHBtCPlwFhaXlldWc2v59Y3Nre3Czu6NjlPFoMZiEatGSDUILqFmuBHQSBTQKBRQD4cXE79+C0rzWF6bUQLtiPYl73FGjZU6hYNWCH0uM2bf0ON8qzU9ILtzpVMoEpf4ge8RTFyfeMHphARBueT72HPJFEU0R7VTeG91Y5ZGIA0TVOumRxLTzqgynAmwE1INCWVD2oempZJGoNvZdJExPrJKF/diZa80eKp+78hopPUoCm1lRM1A//Ym4l9eMzW9cjvjMkkNSDYb1EsFNjGepIK7XAEzYmQJZYrbv2I2oIoyY7PL2xC+NsX/k9qJG7jeValYOZ+nkUP76BAdIw+doQq6RFVUQwzdoQf0hJ6de+fReXFeZ6ULzrxnD/2A8/YJBPmZiw==</latexit><latexit sha1_base64="iS6hLHIGQAtuqqoF3pp8p2JWiHI=">AAACB3icdVDLSgMxFM34rPVVdenCYBFcDRntYMdVwY3LCtYW2lIy6W0bmskMSUYoQ5du/BU3LlTc+gvu/BvTh6CihwQO59ybm3vCRHBtCPlwFhaXlldWc2v59Y3Nre3Czu6NjlPFoMZiEatGSDUILqFmuBHQSBTQKBRQD4cXE79+C0rzWF6bUQLtiPYl73FGjZU6hYNWCH0uM2bf0ON8qzU9ILtzpVMoEpf4ge8RTFyfeMHphARBueT72HPJFEU0R7VTeG91Y5ZGIA0TVOumRxLTzqgynAmwE1INCWVD2oempZJGoNvZdJExPrJKF/diZa80eKp+78hopPUoCm1lRM1A//Ym4l9eMzW9cjvjMkkNSDYb1EsFNjGepIK7XAEzYmQJZYrbv2I2oIoyY7PL2xC+NsX/k9qJG7jeValYOZ+nkUP76BAdIw+doQq6RFVUQwzdoQf0hJ6de+fReXFeZ6ULzrxnD/2A8/YJBPmZiw==</latexit><latexit sha1_base64="iS6hLHIGQAtuqqoF3pp8p2JWiHI=">AAACB3icdVDLSgMxFM34rPVVdenCYBFcDRntYMdVwY3LCtYW2lIy6W0bmskMSUYoQ5du/BU3LlTc+gvu/BvTh6CihwQO59ybm3vCRHBtCPlwFhaXlldWc2v59Y3Nre3Czu6NjlPFoMZiEatGSDUILqFmuBHQSBTQKBRQD4cXE79+C0rzWF6bUQLtiPYl73FGjZU6hYNWCH0uM2bf0ON8qzU9ILtzpVMoEpf4ge8RTFyfeMHphARBueT72HPJFEU0R7VTeG91Y5ZGIA0TVOumRxLTzqgynAmwE1INCWVD2oempZJGoNvZdJExPrJKF/diZa80eKp+78hopPUoCm1lRM1A//Ym4l9eMzW9cjvjMkkNSDYb1EsFNjGepIK7XAEzYmQJZYrbv2I2oIoyY7PL2xC+NsX/k9qJG7jeValYOZ+nkUP76BAdIw+doQq6RFVUQwzdoQf0hJ6de+fReXFeZ6ULzrxnD/2A8/YJBPmZiw==</latexit>

(

<latexit sha1_base64="iS6hLHIGQAtuqqoF3pp8p2JWiHI=">AAACB3icdVDLSgMxFM34rPVVdenCYBFcDRntYMdVwY3LCtYW2lIy6W0bmskMSUYoQ5du/BU3LlTc+gvu/BvTh6CihwQO59ybm3vCRHBtCPlwFhaXlldWc2v59Y3Nre3Czu6NjlPFoMZiEatGSDUILqFmuBHQSBTQKBRQD4cXE79+C0rzWF6bUQLtiPYl73FGjZU6hYNWCH0uM2bf0ON8qzU9ILtzpVMoEpf4ge8RTFyfeMHphARBueT72HPJFEU0R7VTeG91Y5ZGIA0TVOumRxLTzqgynAmwE1INCWVD2oempZJGoNvZdJExPrJKF/diZa80eKp+78hopPUoCm1lRM1A//Ym4l9eMzW9cjvjMkkNSDYb1EsFNjGepIK7XAEzYmQJZYrbv2I2oIoyY7PL2xC+NsX/k9qJG7jeValYOZ+nkUP76BAdIw+doQq6RFVUQwzdoQf0hJ6de+fReXFeZ6ULzrxnD/2A8/YJBPmZiw==</latexit> <latexit sha1_base64="iS6hLHIGQAtuqqoF3pp8p2JWiHI=">AAACB3icdVDLSgMxFM34rPVVdenCYBFcDRntYMdVwY3LCtYW2lIy6W0bmskMSUYoQ5du/BU3LlTc+gvu/BvTh6CihwQO59ybm3vCRHBtCPlwFhaXlldWc2v59Y3Nre3Czu6NjlPFoMZiEatGSDUILqFmuBHQSBTQKBRQD4cXE79+C0rzWF6bUQLtiPYl73FGjZU6hYNWCH0uM2bf0ON8qzU9ILtzpVMoEpf4ge8RTFyfeMHphARBueT72HPJFEU0R7VTeG91Y5ZGIA0TVOumRxLTzqgynAmwE1INCWVD2oempZJGoNvZdJExPrJKF/diZa80eKp+78hopPUoCm1lRM1A//Ym4l9eMzW9cjvjMkkNSDYb1EsFNjGepIK7XAEzYmQJZYrbv2I2oIoyY7PL2xC+NsX/k9qJG7jeValYOZ+nkUP76BAdIw+doQq6RFVUQwzdoQf0hJ6de+fReXFeZ6ULzrxnD/2A8/YJBPmZiw==</latexit> <latexit sha1_base64="iS6hLHIGQAtuqqoF3pp8p2JWiHI=">AAACB3icdVDLSgMxFM34rPVVdenCYBFcDRntYMdVwY3LCtYW2lIy6W0bmskMSUYoQ5du/BU3LlTc+gvu/BvTh6CihwQO59ybm3vCRHBtCPlwFhaXlldWc2v59Y3Nre3Czu6NjlPFoMZiEatGSDUILqFmuBHQSBTQKBRQD4cXE79+C0rzWF6bUQLtiPYl73FGjZU6hYNWCH0uM2bf0ON8qzU9ILtzpVMoEpf4ge8RTFyfeMHphARBueT72HPJFEU0R7VTeG91Y5ZGIA0TVOumRxLTzqgynAmwE1INCWVD2oempZJGoNvZdJExPrJKF/diZa80eKp+78hopPUoCm1lRM1A//Ym4l9eMzW9cjvjMkkNSDYb1EsFNjGepIK7XAEzYmQJZYrbv2I2oIoyY7PL2xC+NsX/k9qJG7jeValYOZ+nkUP76BAdIw+doQq6RFVUQwzdoQf0hJ6de+fReXFeZ6ULzrxnD/2A8/YJBPmZiw==</latexit> <latexit sha1_base64="iS6hLHIGQAtuqqoF3pp8p2JWiHI=">AAACB3icdVDLSgMxFM34rPVVdenCYBFcDRntYMdVwY3LCtYW2lIy6W0bmskMSUYoQ5du/BU3LlTc+gvu/BvTh6CihwQO59ybm3vCRHBtCPlwFhaXlldWc2v59Y3Nre3Czu6NjlPFoMZiEatGSDUILqFmuBHQSBTQKBRQD4cXE79+C0rzWF6bUQLtiPYl73FGjZU6hYNWCH0uM2bf0ON8qzU9ILtzpVMoEpf4ge8RTFyfeMHphARBueT72HPJFEU0R7VTeG91Y5ZGIA0TVOumRxLTzqgynAmwE1INCWVD2oempZJGoNvZdJExPrJKF/diZa80eKp+78hopPUoCm1lRM1A//Ym4l9eMzW9cjvjMkkNSDYb1EsFNjGepIK7XAEzYmQJZYrbv2I2oIoyY7PL2xC+NsX/k9qJG7jeValYOZ+nkUP76BAdIw+doQq6RFVUQwzdoQf0hJ6de+fReXFeZ6ULzrxnD/2A8/YJBPmZiw==</latexit>

E(·)
<latexit sha1_base64="kSHfCqONWUd0z0993o2Nn+pkKf8=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBHqpiQi+FgVRHBZwdhCE8pkMmmHTmbCzEQpsZ/ixoWKW//EnX/jpM1CWw8MHM65l3vmhCmjSjvOt7W0vLK6tl7ZqG5ube/s2rW9eyUyiYmHBROyGyJFGOXE01Qz0k0lQUnISCccXRV+54FIRQW/0+OUBAkacBpTjLSR+nbNT5AehmF+PWn4OBL6uG/XnaYzBVwkbknqoES7b3/5kcBZQrjGDCnVc51UBzmSmmJGJlU/UyRFeIQGpGcoRwlRQT6NPoFHRolgLKR5XMOp+nsjR4lS4yQ0k0VQNe8V4n9eL9PxeZBTnmaacDw7FGcMagGLHmBEJcGajQ1BWFKTFeIhkghr01bVlODOf3mReCfNi6Z7e1pvXZZtVMABOAQN4IIz0AI3oA08gMEjeAav4M16sl6sd+tjNrpklTv74A+szx85fJN/</latexit><latexit sha1_base64="kSHfCqONWUd0z0993o2Nn+pkKf8=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBHqpiQi+FgVRHBZwdhCE8pkMmmHTmbCzEQpsZ/ixoWKW//EnX/jpM1CWw8MHM65l3vmhCmjSjvOt7W0vLK6tl7ZqG5ube/s2rW9eyUyiYmHBROyGyJFGOXE01Qz0k0lQUnISCccXRV+54FIRQW/0+OUBAkacBpTjLSR+nbNT5AehmF+PWn4OBL6uG/XnaYzBVwkbknqoES7b3/5kcBZQrjGDCnVc51UBzmSmmJGJlU/UyRFeIQGpGcoRwlRQT6NPoFHRolgLKR5XMOp+nsjR4lS4yQ0k0VQNe8V4n9eL9PxeZBTnmaacDw7FGcMagGLHmBEJcGajQ1BWFKTFeIhkghr01bVlODOf3mReCfNi6Z7e1pvXZZtVMABOAQN4IIz0AI3oA08gMEjeAav4M16sl6sd+tjNrpklTv74A+szx85fJN/</latexit><latexit sha1_base64="kSHfCqONWUd0z0993o2Nn+pkKf8=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBHqpiQi+FgVRHBZwdhCE8pkMmmHTmbCzEQpsZ/ixoWKW//EnX/jpM1CWw8MHM65l3vmhCmjSjvOt7W0vLK6tl7ZqG5ube/s2rW9eyUyiYmHBROyGyJFGOXE01Qz0k0lQUnISCccXRV+54FIRQW/0+OUBAkacBpTjLSR+nbNT5AehmF+PWn4OBL6uG/XnaYzBVwkbknqoES7b3/5kcBZQrjGDCnVc51UBzmSmmJGJlU/UyRFeIQGpGcoRwlRQT6NPoFHRolgLKR5XMOp+nsjR4lS4yQ0k0VQNe8V4n9eL9PxeZBTnmaacDw7FGcMagGLHmBEJcGajQ1BWFKTFeIhkghr01bVlODOf3mReCfNi6Z7e1pvXZZtVMABOAQN4IIz0AI3oA08gMEjeAav4M16sl6sd+tjNrpklTv74A+szx85fJN/</latexit><latexit sha1_base64="kSHfCqONWUd0z0993o2Nn+pkKf8=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBHqpiQi+FgVRHBZwdhCE8pkMmmHTmbCzEQpsZ/ixoWKW//EnX/jpM1CWw8MHM65l3vmhCmjSjvOt7W0vLK6tl7ZqG5ube/s2rW9eyUyiYmHBROyGyJFGOXE01Qz0k0lQUnISCccXRV+54FIRQW/0+OUBAkacBpTjLSR+nbNT5AehmF+PWn4OBL6uG/XnaYzBVwkbknqoES7b3/5kcBZQrjGDCnVc51UBzmSmmJGJlU/UyRFeIQGpGcoRwlRQT6NPoFHRolgLKR5XMOp+nsjR4lS4yQ0k0VQNe8V4n9eL9PxeZBTnmaacDw7FGcMagGLHmBEJcGajQ1BWFKTFeIhkghr01bVlODOf3mReCfNi6Z7e1pvXZZtVMABOAQN4IIz0AI3oA08gMEjeAav4M16sl6sd+tjNrpklTv74A+szx85fJN/</latexit>

§ 3.1

§ 3.2

• The progressive mesh generation is differentiable end-to-end

• Data:  >1,200 curated ground truth  (Li, Bladin and Zhao et al. CVPR 20)


• Fully supervised training

Traditional MVS + registration OursDFNRMVS [4]
Input images

(2 of 15)

O
ut

pu
t m

es
h

M
VS

 s
ca

n

No dependency 
on MVS

No dependency 
on MVS

O
ut

pu
t m

es
h

M
VS

 s
ca

n

Conservative Aggressive

Traditional MVS + registration OursDFNRMVS [4]
Input images

(2 of 15)
Conservative Aggressive

No dependency 
on MVS

No dependency 
on MVS

3DMM regression
(w/ post-processing)

Reference scan

3DMM regression
(direct output)

DFNRMVS [4]
(w/ post-processing)

Our base mesh
(direct output)

Input images
(8 out of 15)

3DMM regression
(w/ post-processing)

Reference Scan

3DMM regression
(direct output)

DFNRMVS [4]
(w/ post-processing)

Our base mesh
(direct output)

Input Images
(8 out of 15)

0

!���PP

O
ut

pu
t m

es
h

O
ve

rla
y

Sc
an

-to
-m

es
h

di
st

an
ce

O
ut

pu
t m

es
h

O
ve

rla
y

Sc
an

-to
-m

es
h

di
st

an
ce

0

!����PP

Ve
rte

x-
to

-V
er

te
x

Di
st

an
ce

Te
xt

ur
e 

M
ap

 E
rro

r

3DMM regression
w/o post-processing

3DMM regression
w/ post-processing

DFNRMVS [4]
w/ post-processing Ours

0

!����

ToFu achieves 2~3 orders of magnitude faster runtime compared 
to the existing methods

• Capture 3D face shapes in meshes of consistent 
topology are crucial for the VFX pipeline.

Li and Bolkart et al. 
SIGGRAPH  Asia 17

Li, Bladin, Zhao et al.

CVPR 20

• Building high-quality 3D morphable models (3DMM) 
requires sufficient amount of meshes (typically 103 ~105)

• Existing systems take tremendous amount of 
processing time (102 ~104 days on a single machine) 
+ required manual works

Goal: Face Capture and Registration

Traditional Systems

Learning-based Methods

RingNet

Sanyal et al. CVPR 

FML

Tewari et al. CVPR 19

DFNRMVS

Bai et al. CVPR 20

• Cannot explicitly 

• “Memorization”

Not metrically accurate

Challenging for extreme 
expression

• Constrained by 3DMM

Deep Volumetric Video

Huang et al. ECCV 18

Learning MVS Machine

Kar et al. NeurIPS 17

CasMVSNet

Gu et al. CVPR 

No dense 
correspondence

Learnable Triangulation

Iskakov et al. ICCV 19

Only sparse 
correspondences

Basis Point Set (BPS)

Prokudin et al. ICCV 19

Still needs scans 
(from MVS)

The ToFu Framework

Progressive Mesh Generation

Data and Training

Results

Base mesh Detailed mesh With full attributes Base mesh Detailed mesh With full attributes

Limitation and Future Work

https://tianyeli.github.io/tofu

ToFu shows robustness to facial hairs and specularity, which were 
baffling the traditional methods

ToFu outperforms existing method in dense correspondence quality

ToFu outperforms existing method in geometric accuracy

ToFu infers skin detail and appearance maps, enabling high-quality rendering
ToFu infers temporally stable registrations although trained 
and tested frame-by-frame.

Our method can work on a new capture setup (CoMA datasets) 
with fine-tuning.

Scan Mesh Overlay Scan-to-mesh 
distance

Checkerboard 
rendering
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Fewer requirement A complete head model General objects

Conclusion

• Accurate, flexible yet robust inferences from images 
in 0.385 seconds

• Effective architecture to infer topologically 
consistent face meshes

• volumetric feature sampling and networks

• coarse-to-fine design

MVS
 Coarse-to-fine Mesh 

Global Stage Local Stage

§ 3.1 § 3.2

Traditional systems

ToFu - base mesh

“Stereo” consistency Semantic / photometric consistency

• Explore the synergy between reconstruction and registration

• Dense correspondence can be learnt in volumetric space

System:

Methodology:
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