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Virtual Character for VFX

(Twentieth Century Fox / Image-Engine Design 2017)Logan 
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Virtual Character for VFX
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Personalized Model Animation Appearance Capture and Rendering

Credit: Image-Engine Design / USC ICT



Face Dataset Capture

Li, Bladin and Zhao et al. CVPR 2020

Li and Bolkart et al. SIGGRAPH Asia 2017
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~10 min per mesh 

Require 103 ~105 meshes

102 ~104 days on a single machine

+ manual work



Goal: Face Capture and Registration

Calibrated multi-view images
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Meshes in consistent topology
(“Registrations” or “Alignments”)

Appearance
and detail maps



Traditional Systems

Coarse-to-fine Mesh Alignment

Calibrated
multi-view 

images Registrations

Image credits:
MVS: Furukawa and Hernández, "Multi-View Stereo: A Tutorial", Found. Trends Comput. Graph. Vis. 2015
Mesh alignments:  Li et al. "Learning a model of facial shape and expression from 4D scans." SIGGRAPH Asia 2017;
Hao Li, "Animation reconstruction of deformable surfaces". Diss. ETH Zurich 2010

Multi-View Stereo
(MVS)
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Scans



Traditional Systems

Multi-View Stereo
(MVS) Coarse-to-fine Mesh Alignment

Calibrated
multi-view 

images Registrations

• Slow

• Prone to errors

Texture-less, transparent, or reflective surfaces

Issues: • Slow

• Requires “some” 
human supervision

• Might be affected by 
the errors from MVS
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Scans



Traditional Systems

Multi-View Stereo
(MVS) Coarse-to-fine Mesh Alignment

Calibrated
multi-view 

images Registrations

• Slow

• Prone to errors

Texture-less, transparent, or reflective surfaces

Issues: • Slow

• Requires manual work
• Might be affected by 
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Scans



Traditional Systems

Multi-View Stereo
(MVS) Coarse-to-fine Mesh Alignment

Calibrated
multi-view 

images Registrations

• Slow

• Prone to errors

Texture-less, transparent, or reflective surfaces

Issues: • SlowMVS errors affect 
registration quality
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Scans

• Requires manual work



Previous Work: Faces
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RingNet
Sanyal et al. CVPR 19

FML
Tewari et al. CVPR 19

PRNet
Feng et al. ECCV 18

DFNRMVS
Bai et al. CVPR 20

Can work on unconstrained inputs

• Cannot explicitly utilize 3D info
           (if naively adapted to multi-view)

• “Memorization”

Not metrically accurate

Challenging for extreme expression

• Constrained by 3DMM



Previous Work: Beyond Faces
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Deep Volumetric Video
Huang et al. ECCV 18

Learning MVS Machine
Kar et al. NeurIPS 17

CasMVSNet
Gu et al. CVPR 20

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
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Topologically consistent Face inference from multi-view

(a) Input images (9 of 15 views) (b) Mesh in correspondence (c) Skin details and attributes (d) Animation with fully rigged face model

Images from multi-view Mesh in consistent topology Rendering with captured facial 
details and appearancesinferred in 0.385 seconds



The ToFu Framework
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Topologically consistent Face inference from multi-view



14

Input images

Mesh
Upsampling +

Global Stage

Final mesh

Feature Extraction

...
...

Volumetric
Feature Sampling
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<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>

Global Geometry
Network

Mk
<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

Progressive Mesh Generation



Global Stage
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Input images



16

Inferred high-dim. feature maps

Global Stage: Feature Maps
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Volumetric feature sampling

Global Stage: Volumetric Feature Sampling
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Volumetric feature sampling

Global Stage: Volumetric Feature Sampling



19

Volumetric feature sampling

Global Stage: Volumetric Feature Sampling

<latexit sha1_base64="LudmD9BGSyA40e89kytlRtDJYbU=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ6YtbWdXcCO4qWAf0BlKJs20oZnMkGSEMhT8CjcuFHHrz7jzb8y0FVT0wIXDOfeSkxMknCmN0Ie1tr6xubVd2Cnu7u0fHJaOjrsqTiWhHRLzWPYDrChngnY005z2E0lxFHDaC6aXud+7o1KxWNzqWUL9CI8FCxnB2kieF2E9CcIsnA+dYamM7Bpyq80KRHa16bp1lBMX1RsIOjZaoAxWaA9L794oJmlEhSYcKzVwUKL9DEvNCKfzopcqmmAyxWM6MFTgiCo/W2Sew3OjjGAYSzNCw4X6/SLDkVKzKDCbeUb128vFv7xBqsOmnzGRpJoKsnwoTDnUMcwLgCMmKdF8ZggmkpmskEywxESbmoqmhK+fwv9Jt2I7dbt2Uyu3ru+XdRTAKTgDF8ABDdACV6ANOoCABDyAJ/Bspdaj9WK9LlfXrFWFJ+AHrLdPtxOSlg==</latexit>

f1

<latexit sha1_base64="T/hxtjr+bYZYHX5yzq/IzhLp8mI=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgapjp213BjeCmgn1AZyiZNNOGZh4kGaEMBb/CjQtF3Poz7vwbM20FFT1w4XDOveTkeDFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHXRklgtAOiXgk+h6WlLOQdhRTnPZjQXHgcdrzppeZ37ujQrIovFWzmLoBHofMZwQrLTlOgNXE81N/PiwPiyXLrF3YtWYFWWa92qhU6ppYTc1qyDatBUqwQntYfHdGEUkCGirCsZQD24qVm2KhGOF0XnASSWNMpnhMB5qGOKDSTReZ5+hMKyPkR0JPqNBC/X6R4kDKWeDpzSyj/O1l4l/eIFF+001ZGCeKhmT5kJ9wpCKUFYBGTFCi+EwTTATTWRGZYIGJ0jUVdAlfP0X/k27ZtOtm9aZaal3fL+vIwwmcwjnY0IAWXEEbOkAghgd4gmcjMR6NF+N1uZozVhUeww8Yb5+6GJKY</latexit>

f2
<latexit sha1_base64="MxFLsN0RpmWCZHSpbZvI8p+HWhM=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgasi0te2y4EZwU8E+oFNKJs20oZkHSUYoQ8GvcONCEbf+jDv/xkxbQUUPXDiccy85OV4suNIYf1i5tfWNza38dmFnd2//oHh41FFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3qZ+d07JhWPwls9i9kgIOOQ+5wSbSTXDYieeH7qz4eVYbGE7YtaxSlXELarZWy4IQ3ccGp15Nh4gRKs0BoW391RRJOAhZoKolTfwbEepERqTgWbF9xEsZjQKRmzvqEhCZgapIvMc3RmlBHyI2km1Gihfr9ISaDULPDMZpZR/fYy8S+vn2i/MUh5GCeahXT5kJ8IpCOUFYBGXDKqxcwQQiU3WRGdEEmoNjUVTAlfP0X/k07Zdmp29aZaal7fL+vIwwmcwjk4UIcmXEEL2kAhhgd4gmcrsR6tF+t1uZqzVhUeww9Yb5+ihZKI</latexit>

f3

<latexit sha1_base64="lJFLLZCTa+zhvsoto22N8/1JxYQ=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgapjp09kV3AhuKtgHdErJpJk2NPMgyQhlKPgVblwo4tafceffmGkrqOiBC4dz7iUnx4s5k8qyPozc2vrG5lZ+u7Czu7d/UDw86sgoEYS2ScQj0fOwpJyFtK2Y4rQXC4oDj9OuN73M/O4dFZJF4a2axXQQ4HHIfEaw0pLrBlhNPD/158PqsFiyzLLjOLaDLLPSqDVqtiblul2pOMg2rQVKsEJrWHx3RxFJAhoqwrGUfduK1SDFQjHC6bzgJpLGmEzxmPY1DXFA5SBdZJ6jM62MkB8JPaFCC/X7RYoDKWeBpzezjPK3l4l/ef1E+ReDlIVxomhIlg/5CUcqQlkBaMQEJYrPNMFEMJ0VkQkWmChdU0GX8PVT9D/plE27blZvqqXm9f2yjjycwCmcgw0NaMIVtKANBGJ4gCd4NhLj0XgxXperOWNV4TH8gPH2CcM/kp4=</latexit>

f4
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Volumetric feature sampling

Global Stage: Volumetric Feature Sampling

<latexit sha1_base64="LudmD9BGSyA40e89kytlRtDJYbU=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ6YtbWdXcCO4qWAf0BlKJs20oZnMkGSEMhT8CjcuFHHrz7jzb8y0FVT0wIXDOfeSkxMknCmN0Ie1tr6xubVd2Cnu7u0fHJaOjrsqTiWhHRLzWPYDrChngnY005z2E0lxFHDaC6aXud+7o1KxWNzqWUL9CI8FCxnB2kieF2E9CcIsnA+dYamM7Bpyq80KRHa16bp1lBMX1RsIOjZaoAxWaA9L794oJmlEhSYcKzVwUKL9DEvNCKfzopcqmmAyxWM6MFTgiCo/W2Sew3OjjGAYSzNCw4X6/SLDkVKzKDCbeUb128vFv7xBqsOmnzGRpJoKsnwoTDnUMcwLgCMmKdF8ZggmkpmskEywxESbmoqmhK+fwv9Jt2I7dbt2Uyu3ru+XdRTAKTgDF8ABDdACV6ANOoCABDyAJ/Bspdaj9WK9LlfXrFWFJ+AHrLdPtxOSlg==</latexit>

f1

<latexit sha1_base64="T/hxtjr+bYZYHX5yzq/IzhLp8mI=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgapjp213BjeCmgn1AZyiZNNOGZh4kGaEMBb/CjQtF3Poz7vwbM20FFT1w4XDOveTkeDFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHXRklgtAOiXgk+h6WlLOQdhRTnPZjQXHgcdrzppeZ37ujQrIovFWzmLoBHofMZwQrLTlOgNXE81N/PiwPiyXLrF3YtWYFWWa92qhU6ppYTc1qyDatBUqwQntYfHdGEUkCGirCsZQD24qVm2KhGOF0XnASSWNMpnhMB5qGOKDSTReZ5+hMKyPkR0JPqNBC/X6R4kDKWeDpzSyj/O1l4l/eIFF+001ZGCeKhmT5kJ9wpCKUFYBGTFCi+EwTTATTWRGZYIGJ0jUVdAlfP0X/k27ZtOtm9aZaal3fL+vIwwmcwjnY0IAWXEEbOkAghgd4gmcjMR6NF+N1uZozVhUeww8Yb5+6GJKY</latexit>

f2
<latexit sha1_base64="MxFLsN0RpmWCZHSpbZvI8p+HWhM=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgasi0te2y4EZwU8E+oFNKJs20oZkHSUYoQ8GvcONCEbf+jDv/xkxbQUUPXDiccy85OV4suNIYf1i5tfWNza38dmFnd2//oHh41FFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3qZ+d07JhWPwls9i9kgIOOQ+5wSbSTXDYieeH7qz4eVYbGE7YtaxSlXELarZWy4IQ3ccGp15Nh4gRKs0BoW391RRJOAhZoKolTfwbEepERqTgWbF9xEsZjQKRmzvqEhCZgapIvMc3RmlBHyI2km1Gihfr9ISaDULPDMZpZR/fYy8S+vn2i/MUh5GCeahXT5kJ8IpCOUFYBGXDKqxcwQQiU3WRGdEEmoNjUVTAlfP0X/k07Zdmp29aZaal7fL+vIwwmcwjk4UIcmXEEL2kAhhgd4gmcrsR6tF+t1uZqzVhUeww9Yb5+ihZKI</latexit>

f3

<latexit sha1_base64="lJFLLZCTa+zhvsoto22N8/1JxYQ=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgapjp09kV3AhuKtgHdErJpJk2NPMgyQhlKPgVblwo4tafceffmGkrqOiBC4dz7iUnx4s5k8qyPozc2vrG5lZ+u7Czu7d/UDw86sgoEYS2ScQj0fOwpJyFtK2Y4rQXC4oDj9OuN73M/O4dFZJF4a2axXQQ4HHIfEaw0pLrBlhNPD/158PqsFiyzLLjOLaDLLPSqDVqtiblul2pOMg2rQVKsEJrWHx3RxFJAhoqwrGUfduK1SDFQjHC6bzgJpLGmEzxmPY1DXFA5SBdZJ6jM62MkB8JPaFCC/X7RYoDKWeBpzezjPK3l4l/ef1E+ReDlIVxomhIlg/5CUcqQlkBaMQEJYrPNMFEMJ0VkQkWmChdU0GX8PVT9D/plE27blZvqqXm9f2yjjycwCmcgw0NaMIVtKANBGJ4gCd4NhLj0XgxXperOWNV4TH8gPH2CcM/kp4=</latexit>

f4

<latexit sha1_base64="rHnAqG/FQ9uxpHL0CA+xB+sZ+ns=">AAACOXicbVDLSsNAFJ3UV62vqEs3g0WoUEJSi7oRCm4ENxXsA5oQJtNJO3TyYGYilFDwq9z4F+4ENy4UcesPOGkL9uGBgXPOvZe593gxo0Ka5quWW1ldW9/Ibxa2tnd29/T9g6aIEo5JA0cs4m0PCcJoSBqSSkbaMSco8BhpeYPrrN56IFzQKLyXw5g4AeqF1KcYSWW5et0OkOx7fuqP4BW0Be0FqPTnuVYZzqjKnDqbU9UyNAzj1NWLpmGOAZeJNSVFMEXd1V/sboSTgIQSMyRExzJj6aSIS4oZGRXsRJAY4QHqkY6iIQqIcNLx5SN4opwu9COuXijh2J2dSFEgxDDwVGe2qVisZeZ/tU4i/UsnpWGcSBLiyUd+wqCMYBYj7FJOsGRDRRDmVO0KcR9xhKUKu6BCsBZPXibNimGdG9W7arF2+ziJIw+OwDEoAQtcgBq4AXXQABg8gTfwAT61Z+1d+9K+J605bRrhIZiD9vMLcZOsdA==</latexit>

f = �(f1, f2, f3, f4, ...)
<latexit sha1_base64="lJFLLZCTa+zhvsoto22N8/1JxYQ=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgapjp09kV3AhuKtgHdErJpJk2NPMgyQhlKPgVblwo4tafceffmGkrqOiBC4dz7iUnx4s5k8qyPozc2vrG5lZ+u7Czu7d/UDw86sgoEYS2ScQj0fOwpJyFtK2Y4rQXC4oDj9OuN73M/O4dFZJF4a2axXQQ4HHIfEaw0pLrBlhNPD/158PqsFiyzLLjOLaDLLPSqDVqtiblul2pOMg2rQVKsEJrWHx3RxFJAhoqwrGUfduK1SDFQjHC6bzgJpLGmEzxmPY1DXFA5SBdZJ6jM62MkB8JPaFCC/X7RYoDKWeBpzezjPK3l4l/ef1E+ReDlIVxomhIlg/5CUcqQlkBaMQEJYrPNMFEMJ0VkQkWmChdU0GX8PVT9D/plE27blZvqqXm9f2yjjycwCmcgw0NaMIVtKANBGJ4gCd4NhLj0XgxXperOWNV4TH8gPH2CcM/kp4=</latexit>

f4
<latexit sha1_base64="MxFLsN0RpmWCZHSpbZvI8p+HWhM=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgasi0te2y4EZwU8E+oFNKJs20oZkHSUYoQ8GvcONCEbf+jDv/xkxbQUUPXDiccy85OV4suNIYf1i5tfWNza38dmFnd2//oHh41FFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3qZ+d07JhWPwls9i9kgIOOQ+5wSbSTXDYieeH7qz4eVYbGE7YtaxSlXELarZWy4IQ3ccGp15Nh4gRKs0BoW391RRJOAhZoKolTfwbEepERqTgWbF9xEsZjQKRmzvqEhCZgapIvMc3RmlBHyI2km1Gihfr9ISaDULPDMZpZR/fYy8S+vn2i/MUh5GCeahXT5kJ8IpCOUFYBGXDKqxcwQQiU3WRGdEEmoNjUVTAlfP0X/k07Zdmp29aZaal7fL+vIwwmcwjk4UIcmXEEL2kAhhgd4gmcrsR6tF+t1uZqzVhUeww9Yb5+ihZKI</latexit>

f3
<latexit sha1_base64="T/hxtjr+bYZYHX5yzq/IzhLp8mI=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgapjp213BjeCmgn1AZyiZNNOGZh4kGaEMBb/CjQtF3Poz7vwbM20FFT1w4XDOveTkeDFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHXRklgtAOiXgk+h6WlLOQdhRTnPZjQXHgcdrzppeZ37ujQrIovFWzmLoBHofMZwQrLTlOgNXE81N/PiwPiyXLrF3YtWYFWWa92qhU6ppYTc1qyDatBUqwQntYfHdGEUkCGirCsZQD24qVm2KhGOF0XnASSWNMpnhMB5qGOKDSTReZ5+hMKyPkR0JPqNBC/X6R4kDKWeDpzSyj/O1l4l/eIFF+001ZGCeKhmT5kJ9wpCKUFYBGTFCi+EwTTATTWRGZYIGJ0jUVdAlfP0X/k27ZtOtm9aZaal3fL+vIwwmcwjnY0IAWXEEbOkAghgd4gmcjMR6NF+N1uZozVhUeww8Yb5+6GJKY</latexit>

f2
<latexit sha1_base64="LudmD9BGSyA40e89kytlRtDJYbU=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ6YtbWdXcCO4qWAf0BlKJs20oZnMkGSEMhT8CjcuFHHrz7jzb8y0FVT0wIXDOfeSkxMknCmN0Ie1tr6xubVd2Cnu7u0fHJaOjrsqTiWhHRLzWPYDrChngnY005z2E0lxFHDaC6aXud+7o1KxWNzqWUL9CI8FCxnB2kieF2E9CcIsnA+dYamM7Bpyq80KRHa16bp1lBMX1RsIOjZaoAxWaA9L794oJmlEhSYcKzVwUKL9DEvNCKfzopcqmmAyxWM6MFTgiCo/W2Sew3OjjGAYSzNCw4X6/SLDkVKzKDCbeUb128vFv7xBqsOmnzGRpJoKsnwoTDnUMcwLgCMmKdF8ZggmkpmskEywxESbmoqmhK+fwv9Jt2I7dbt2Uyu3ru+XdRTAKTgDF8ABDdACV6ANOoCABDyAJ/Bspdaj9WK9LlfXrFWFJ+AHrLdPtxOSlg==</latexit>

f1
<latexit sha1_base64="uSj9Dcpm7//QuMn10wR59s7kfRs=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclZk6rXVXcCO4qWAf2A4lk2ba0ExmSDJCGQp+hBsXirj1b9z5N2baCip6IHA454Z77vFjzpS27Q9raXlldW09t5Hf3Nre2S3s7bdUlEhCmyTikez4WFHOBG1qpjntxJLi0Oe07Y8vMr99R6VikbjRk5h6IR4KFjCCtZFueyHWIz9Ig2m/ULRLbtV1yjVkSKVWrbqGnFZqzrmNnJI9QxEWaPQL771BRJKQCk04Vqrr2LH2Uiw1I5xO871E0RiTMR7SrqECh1R56SzxFB0bZYCCSJonNJqp33+kOFRqEvpmMkuofnuZ+JfXTXRQ81Im4kRTQeaLgoQjHaHsfDRgkhLNJ4ZgIpnJisgIS0y0KSlvSvi6FP1PWuWSUy25126xfnU/ryMHh3AEJ+DAGdThEhrQBAICHuAJni1lPVov1ut8dMlaVHgAP2C9fQKHHJHw</latexit>

f
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Feature volume

Global Stage: Volumetric Feature Sampling
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Inferred probability volume

Global Stage: Mesh in Consistent Topology
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Extract vertex positions
in designed topology

Global Stage: Mesh in Consistent Topology
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Inferred mesh

Global Stage: Mesh in Consistent Topology



Local Stage

25

Inferred mesh



Local Stage: Mesh Upsampling

26

Mesh upsampling
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Mesh upsampling

Local Stage: Mesh Upsampling
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Mesh upsampling

Local Stage: Local Refinement
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Local Stage: Local Refinement
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Local Stage: Local Refinement
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Local Stage: Local Refinement
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Local Stage: Local Refinement
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Local Stage: Local Refinement
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Local Stage: Local Refinement
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Refined mesh at level 1

Local Stage: Local Refinement



Progressive Mesh Generation

36

Upsampled mesh at level 2



Progressive Mesh Generation

37

Refined mesh at level 2



Progressive Mesh Generation

38

Upsampled mesh at level 3



Progressive Mesh Generation

39

Final prediction



Training

40

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

Input images

Mesh
Upsampling +

Global Stage

Final mesh

Feature Extraction

...
...

Volumetric
Feature Sampling

Lg
<latexit sha1_base64="P7b9Y7j/Ko0sbV6O7DNoIEiN2nI=">AAAB8nicdVBPS8MwHE39O+e/qUcvwSF4KulW2eZp4MWDhwnWDdYy0izdwtK0JKkwyr6GFw8qXv003vw2ptsEFX0QeLz3+/F7eWHKmdIIfVgrq2vrG5ulrfL2zu7efuXg8E4lmSTUIwlPZC/EinImqKeZ5rSXSorjkNNuOLks/O49lYol4lZPUxrEeCRYxAjWRvL9GOtxGOXXs8FoUKkiu15ruU4NIvsctZrINaSGGk23Dh0bzVEFS3QGlXd/mJAspkITjpXqOyjVQY6lZoTTWdnPFE0xmeAR7RsqcExVkM8zz+CpUYYwSqR5QsO5+n0jx7FS0zg0k0VG9dsrxL+8fqajZpAzkWaaCrI4FGUc6gQWBcAhk5RoPjUEE8lMVkjGWGKiTU1lU8LXT+H/xKvZLdu5cavti2UbJXAMTsAZcEADtMEV6AAPEJCCB/AEnq3MerRerNfF6Iq13DkCP2C9fQIG95Hd</latexit><latexit sha1_base64="P7b9Y7j/Ko0sbV6O7DNoIEiN2nI=">AAAB8nicdVBPS8MwHE39O+e/qUcvwSF4KulW2eZp4MWDhwnWDdYy0izdwtK0JKkwyr6GFw8qXv003vw2ptsEFX0QeLz3+/F7eWHKmdIIfVgrq2vrG5ulrfL2zu7efuXg8E4lmSTUIwlPZC/EinImqKeZ5rSXSorjkNNuOLks/O49lYol4lZPUxrEeCRYxAjWRvL9GOtxGOXXs8FoUKkiu15ruU4NIvsctZrINaSGGk23Dh0bzVEFS3QGlXd/mJAspkITjpXqOyjVQY6lZoTTWdnPFE0xmeAR7RsqcExVkM8zz+CpUYYwSqR5QsO5+n0jx7FS0zg0k0VG9dsrxL+8fqajZpAzkWaaCrI4FGUc6gQWBcAhk5RoPjUEE8lMVkjGWGKiTU1lU8LXT+H/xKvZLdu5cavti2UbJXAMTsAZcEADtMEV6AAPEJCCB/AEnq3MerRerNfF6Iq13DkCP2C9fQIG95Hd</latexit><latexit sha1_base64="P7b9Y7j/Ko0sbV6O7DNoIEiN2nI=">AAAB8nicdVBPS8MwHE39O+e/qUcvwSF4KulW2eZp4MWDhwnWDdYy0izdwtK0JKkwyr6GFw8qXv003vw2ptsEFX0QeLz3+/F7eWHKmdIIfVgrq2vrG5ulrfL2zu7efuXg8E4lmSTUIwlPZC/EinImqKeZ5rSXSorjkNNuOLks/O49lYol4lZPUxrEeCRYxAjWRvL9GOtxGOXXs8FoUKkiu15ruU4NIvsctZrINaSGGk23Dh0bzVEFS3QGlXd/mJAspkITjpXqOyjVQY6lZoTTWdnPFE0xmeAR7RsqcExVkM8zz+CpUYYwSqR5QsO5+n0jx7FS0zg0k0VG9dsrxL+8fqajZpAzkWaaCrI4FGUc6gQWBcAhk5RoPjUEE8lMVkjGWGKiTU1lU8LXT+H/xKvZLdu5cavti2UbJXAMTsAZcEADtMEV6AAPEJCCB/AEnq3MerRerNfF6Iq13DkCP2C9fQIG95Hd</latexit><latexit sha1_base64="P7b9Y7j/Ko0sbV6O7DNoIEiN2nI=">AAAB8nicdVBPS8MwHE39O+e/qUcvwSF4KulW2eZp4MWDhwnWDdYy0izdwtK0JKkwyr6GFw8qXv003vw2ptsEFX0QeLz3+/F7eWHKmdIIfVgrq2vrG5ulrfL2zu7efuXg8E4lmSTUIwlPZC/EinImqKeZ5rSXSorjkNNuOLks/O49lYol4lZPUxrEeCRYxAjWRvL9GOtxGOXXs8FoUKkiu15ruU4NIvsctZrINaSGGk23Dh0bzVEFS3QGlXd/mJAspkITjpXqOyjVQY6lZoTTWdnPFE0xmeAR7RsqcExVkM8zz+CpUYYwSqR5QsO5+n0jx7FS0zg0k0VG9dsrxL+8fqajZpAzkWaaCrI4FGUc6gQWBcAhk5RoPjUEE8lMVkjGWGKiTU1lU8LXT+H/xKvZLdu5cavti2UbJXAMTsAZcEADtMEV6AAPEJCCB/AEnq3MerRerNfF6Iq13DkCP2C9fQIG95Hd</latexit>

{Fi}Ki=1
<latexit sha1_base64="8cPy775Vli640ys9kIeE5mgG3Rg="></latexit><latexit sha1_base64="0KErXwtLeFpGcXybyxwTxp6E/HY="></latexit><latexit sha1_base64="0KErXwtLeFpGcXybyxwTxp6E/HY="></latexit><latexit sha1_base64="0KErXwtLeFpGcXybyxwTxp6E/HY="></latexit>

{Ii}Ki=1
<latexit sha1_base64="MtrcuXGf4PcuemK0YELsLRjZpgY=">AAACBHicbVDLSsNAFJ3UV62vqEtdDBbBVUlE8AFCwY3ipoKxhSaGyXTSDp1MwsxEKCEbN/6KGxcqbv0Id/6NkzYLbT1w4XDOvdx7T5AwKpVlfRuVufmFxaXqcm1ldW19w9zcupNxKjBxcMxi0QmQJIxy4iiqGOkkgqAoYKQdDC8Kv/1AhKQxv1WjhHgR6nMaUoyUlnxz182gGyE1CMLsKvcpdHM/o+d2fp9d575ZtxrWGHCW2CWpgxIt3/xyezFOI8IVZkjKrm0lysuQUBQzktfcVJIE4SHqk66mHEVEetn4ixzua6UHw1jo4gqO1d8TGYqkHEWB7iwOltNeIf7ndVMVnngZ5UmqCMeTRWHKoIphEQnsUUGwYiNNEBZU3wrxAAmElQ6upkOwp1+eJc5h47Rh3xzVm2dlGlWwA/bAAbDBMWiCS9ACDsDgETyDV/BmPBkvxrvxMWmtGOXMNvgD4/MHjGmYJQ==</latexit><latexit sha1_base64="UIdDDCkNqbTzvTXmgwFC1bSdKrY=">AAACKXicjVDLSsNAFJ3UV62vqEtdDBbBVUlE8AFCwY3iRsHYQhPDZDpph04mYWYilJCNX+PCjb/SjY+tP+KkzUJbFx4YOJxzL3fOCRJGpbKsD6MyN7+wuFRdrq2srq1vmJtb9zJOBSYOjlks2gGShFFOHEUVI+1EEBQFjLSCwUXhtx6JkDTmd2qYEC9CPU5DipHSkm/uuhl0I6T6QZhd5T6Fbu5n9NzOH7Lr3DfrVsMaA84SuyR1UOJ/4745crsxTiPCFWZIyo5tJcrLkFAUM5LX3FSSBOEB6pGOphxFRHrZOGoO97XShWEs9OMKjtWfGxmKpBxGgZ4sUslprxD/8jqpCk+8jPIkVYTjyaEwZVDFsOgNdqkgWLGhJggLqv8KcR8JhJVut6aj29NBZ4lz2Dht2LdH9eZZWVkV7IA9cABscAya4BLcAAdg8ASewSt4M16MkfFufE5GK0a5sw1+wfj6Bmthn54=</latexit><latexit sha1_base64="UIdDDCkNqbTzvTXmgwFC1bSdKrY=">AAACKXicjVDLSsNAFJ3UV62vqEtdDBbBVUlE8AFCwY3iRsHYQhPDZDpph04mYWYilJCNX+PCjb/SjY+tP+KkzUJbFx4YOJxzL3fOCRJGpbKsD6MyN7+wuFRdrq2srq1vmJtb9zJOBSYOjlks2gGShFFOHEUVI+1EEBQFjLSCwUXhtx6JkDTmd2qYEC9CPU5DipHSkm/uuhl0I6T6QZhd5T6Fbu5n9NzOH7Lr3DfrVsMaA84SuyR1UOJ/4745crsxTiPCFWZIyo5tJcrLkFAUM5LX3FSSBOEB6pGOphxFRHrZOGoO97XShWEs9OMKjtWfGxmKpBxGgZ4sUslprxD/8jqpCk+8jPIkVYTjyaEwZVDFsOgNdqkgWLGhJggLqv8KcR8JhJVut6aj29NBZ4lz2Dht2LdH9eZZWVkV7IA9cABscAya4BLcAAdg8ASewSt4M16MkfFufE5GK0a5sw1+wfj6Bmthn54=</latexit><latexit sha1_base64="UIdDDCkNqbTzvTXmgwFC1bSdKrY=">AAACKXicjVDLSsNAFJ3UV62vqEtdDBbBVUlE8AFCwY3iRsHYQhPDZDpph04mYWYilJCNX+PCjb/SjY+tP+KkzUJbFx4YOJxzL3fOCRJGpbKsD6MyN7+wuFRdrq2srq1vmJtb9zJOBSYOjlks2gGShFFOHEUVI+1EEBQFjLSCwUXhtx6JkDTmd2qYEC9CPU5DipHSkm/uuhl0I6T6QZhd5T6Fbu5n9NzOH7Lr3DfrVsMaA84SuyR1UOJ/4745crsxTiPCFWZIyo5tJcrLkFAUM5LX3FSSBOEB6pGOphxFRHrZOGoO97XShWEs9OMKjtWfGxmKpBxGgZ4sUslprxD/8jqpCk+8jPIkVYTjyaEwZVDFsOgNdqkgWLGhJggLqv8KcR8JhJVut6aj29NBZ4lz2Dht2LdH9eZZWVkV7IA9cABscAya4BLcAAdg8ASewSt4M16MkfFufE5GK0a5sw1+wfj6Bmthn54=</latexit> (2D) (3D)

Cg
<latexit sha1_base64="DTGlKKjL3k6StB6HXq8hkAtNODQ=">AAAB8nicdVBPS8MwHE39O+e/qUcvwSF4KqmuuHoa7OJxgnWDtYw0S7ewNC1JKoyyr+HFg4pXP403v43pNkFFHwQe7/1+/F5elHGmNEIf1srq2vrGZmWrur2zu7dfOzi8U2kuCfVJylPZi7CinAnqa6Y57WWS4iTitBtN2qXfvadSsVTc6mlGwwSPBIsZwdpIQZBgPY7ioj0bjAa1OrKR67kOgsh2keNdlMTzmg3XhY6N5qiDJTqD2nswTEmeUKEJx0r1HZTpsMBSM8LprBrkimaYTPCI9g0VOKEqLOaZZ/DUKEMYp9I8oeFc/b5R4ESpaRKZyTKj+u2V4l9eP9dxMyyYyHJNBVkcinMOdQrLAuCQSUo0nxqCiWQmKyRjLDHRpqaqKeHrp/B/4p/bnu3cNOqtq2UbFXAMTsAZcMAlaIFr0AE+ICADD+AJPFu59Wi9WK+L0RVruXMEfsB6+wQC4JHb</latexit><latexit sha1_base64="DTGlKKjL3k6StB6HXq8hkAtNODQ=">AAAB8nicdVBPS8MwHE39O+e/qUcvwSF4KqmuuHoa7OJxgnWDtYw0S7ewNC1JKoyyr+HFg4pXP403v43pNkFFHwQe7/1+/F5elHGmNEIf1srq2vrGZmWrur2zu7dfOzi8U2kuCfVJylPZi7CinAnqa6Y57WWS4iTitBtN2qXfvadSsVTc6mlGwwSPBIsZwdpIQZBgPY7ioj0bjAa1OrKR67kOgsh2keNdlMTzmg3XhY6N5qiDJTqD2nswTEmeUKEJx0r1HZTpsMBSM8LprBrkimaYTPCI9g0VOKEqLOaZZ/DUKEMYp9I8oeFc/b5R4ESpaRKZyTKj+u2V4l9eP9dxMyyYyHJNBVkcinMOdQrLAuCQSUo0nxqCiWQmKyRjLDHRpqaqKeHrp/B/4p/bnu3cNOqtq2UbFXAMTsAZcMAlaIFr0AE+ICADD+AJPFu59Wi9WK+L0RVruXMEfsB6+wQC4JHb</latexit><latexit sha1_base64="DTGlKKjL3k6StB6HXq8hkAtNODQ=">AAAB8nicdVBPS8MwHE39O+e/qUcvwSF4KqmuuHoa7OJxgnWDtYw0S7ewNC1JKoyyr+HFg4pXP403v43pNkFFHwQe7/1+/F5elHGmNEIf1srq2vrGZmWrur2zu7dfOzi8U2kuCfVJylPZi7CinAnqa6Y57WWS4iTitBtN2qXfvadSsVTc6mlGwwSPBIsZwdpIQZBgPY7ioj0bjAa1OrKR67kOgsh2keNdlMTzmg3XhY6N5qiDJTqD2nswTEmeUKEJx0r1HZTpsMBSM8LprBrkimaYTPCI9g0VOKEqLOaZZ/DUKEMYp9I8oeFc/b5R4ESpaRKZyTKj+u2V4l9eP9dxMyyYyHJNBVkcinMOdQrLAuCQSUo0nxqCiWQmKyRjLDHRpqaqKeHrp/B/4p/bnu3cNOqtq2UbFXAMTsAZcMAlaIFr0AE+ICADD+AJPFu59Wi9WK+L0RVruXMEfsB6+wQC4JHb</latexit><latexit sha1_base64="DTGlKKjL3k6StB6HXq8hkAtNODQ=">AAAB8nicdVBPS8MwHE39O+e/qUcvwSF4KqmuuHoa7OJxgnWDtYw0S7ewNC1JKoyyr+HFg4pXP403v43pNkFFHwQe7/1+/F5elHGmNEIf1srq2vrGZmWrur2zu7dfOzi8U2kuCfVJylPZi7CinAnqa6Y57WWS4iTitBtN2qXfvadSsVTc6mlGwwSPBIsZwdpIQZBgPY7ioj0bjAa1OrKR67kOgsh2keNdlMTzmg3XhY6N5qiDJTqD2nswTEmeUKEJx0r1HZTpsMBSM8LprBrkimaYTPCI9g0VOKEqLOaZZ/DUKEMYp9I8oeFc/b5R4ESpaRKZyTKj+u2V4l9eP9dxMyyYyHJNBVkcinMOdQrLAuCQSUo0nxqCiWQmKyRjLDHRpqaqKeHrp/B/4p/bnu3cNOqtq2UbFXAMTsAZcMAlaIFr0AE+ICADD+AJPFu59Wi9WK+L0RVruXMEfsB6+wQC4JHb</latexit> M0

<latexit sha1_base64="KmQFBX2LfyB68S+JOpwKJs05M8U=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyI4GNVcONGqODYQjuUTJppQzPJmGQKZeh3uHGh4tafceffmGlnoa0HAodz7uWenDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/4FHLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKRze53xpTpZkUD2aS0CDGA8EiRrCxUtCNsRkSzLO7ac/tVWtu3Z0BLROvIDUo0OxVv7p9SdKYCkM41rrjuYkJMqwMI5xOK91U0wSTER7QjqUCx1QH2Sz0FJ1YpY8iqewTBs3U3xsZjrWexKGdzEPqRS8X//M6qYkug4yJJDVUkPmhKOXISJQ3gPpMUWL4xBJMFLNZERlihYmxPVVsCd7il5eJf1a/qnv357XGddFGGY7gGE7BgwtowC00wQcCT/AMr/DmjJ0X5935mI+WnGLnEP7A+fwBFfyR0g==</latexit><latexit sha1_base64="KmQFBX2LfyB68S+JOpwKJs05M8U=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyI4GNVcONGqODYQjuUTJppQzPJmGQKZeh3uHGh4tafceffmGlnoa0HAodz7uWenDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/4FHLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKRze53xpTpZkUD2aS0CDGA8EiRrCxUtCNsRkSzLO7ac/tVWtu3Z0BLROvIDUo0OxVv7p9SdKYCkM41rrjuYkJMqwMI5xOK91U0wSTER7QjqUCx1QH2Sz0FJ1YpY8iqewTBs3U3xsZjrWexKGdzEPqRS8X//M6qYkug4yJJDVUkPmhKOXISJQ3gPpMUWL4xBJMFLNZERlihYmxPVVsCd7il5eJf1a/qnv357XGddFGGY7gGE7BgwtowC00wQcCT/AMr/DmjJ0X5935mI+WnGLnEP7A+fwBFfyR0g==</latexit><latexit sha1_base64="KmQFBX2LfyB68S+JOpwKJs05M8U=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyI4GNVcONGqODYQjuUTJppQzPJmGQKZeh3uHGh4tafceffmGlnoa0HAodz7uWenDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/4FHLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKRze53xpTpZkUD2aS0CDGA8EiRrCxUtCNsRkSzLO7ac/tVWtu3Z0BLROvIDUo0OxVv7p9SdKYCkM41rrjuYkJMqwMI5xOK91U0wSTER7QjqUCx1QH2Sz0FJ1YpY8iqewTBs3U3xsZjrWexKGdzEPqRS8X//M6qYkug4yJJDVUkPmhKOXISJQ3gPpMUWL4xBJMFLNZERlihYmxPVVsCd7il5eJf1a/qnv357XGddFGGY7gGE7BgwtowC00wQcCT/AMr/DmjJ0X5935mI+WnGLnEP7A+fwBFfyR0g==</latexit><latexit sha1_base64="KmQFBX2LfyB68S+JOpwKJs05M8U=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyI4GNVcONGqODYQjuUTJppQzPJmGQKZeh3uHGh4tafceffmGlnoa0HAodz7uWenDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/4FHLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKRze53xpTpZkUD2aS0CDGA8EiRrCxUtCNsRkSzLO7ac/tVWtu3Z0BLROvIDUo0OxVv7p9SdKYCkM41rrjuYkJMqwMI5xOK91U0wSTER7QjqUCx1QH2Sz0FJ1YpY8iqewTBs3U3xsZjrWexKGdzEPqRS8X//M6qYkug4yJJDVUkPmhKOXISJQ3gPpMUWL4xBJMFLNZERlihYmxPVVsCd7il5eJf1a/qnv357XGddFGGY7gGE7BgwtowC00wQcCT/AMr/DmjJ0X5935mI+WnGLnEP7A+fwBFfyR0g==</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>

Global Geometry
Network

Mk
<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

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

• Fully supervised training
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Results: Robustness
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Results: Robustness
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Results: Robustness
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Results: Robustness
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Results: Robustness
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Results: Geometric Accuracy
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Results: Speed
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Our method achieves 2~3 orders of magnitude faster runtime.

(Measured in seconds)



Results: Dynamic 
Performance Capture
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Results: Detailed Appearance
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Base mesh Detailed mesh With full attributes Base mesh Detailed mesh With full attributes



Limitation and Future Work
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Fewer requirements on 
data and capture system

Image credit:
Right (dataset): Li, Bladin and Zhao et al. "Learning formation of physically based face attributes", CVPR 2020

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



Limitation and Future Work

56

Scan Mesh Overlay Scan-to-mesh 
distance

Checkerboard 
rendering

0

!���FP

O
ut

pu
t m

es
h

with original 
texture pattern

removed original 
texture pattern

In
pu

t i
m

ag
e

Other objects
(e.g. clothed humans or general scenes)

Complete head model
(with hair, eyeballs, etc.)

Image credit:
Left: Lombardi et al,. Learning Dynamic Renderable Volumes from Images, SIGGRAPH 19



Conclusion: System
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• Flexible yet robust inferences

• Accurate registration meshes inferred from images in 0.385 seconds

• Effective architecture to infer topologically consistent face meshes

• volumetric feature sampling
• volumetric networks
• coarse-to-fine design



Conclusion: Methodology
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MVS Coarse-to-fine Mesh Alignment

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



Thanks!
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Comparison and Discussions Rendering and Data Capture

More information

• Paper and supp. materials
• Video
• Code

https://tianyeli.github.io/tofu


