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Lighting is crucial to realism and aesthetics.

Games

Caravaggio’s “The Calling of Saint Matthew”

https://www.caravaggio-foundation.org/The-Calling-Of-
Saint-Matthew.html

Paintings

https://www.caravaggio-foundation.org/The-Calling-Of-Saint-Matthew.html
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Beginners Guide”
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Relighting has wide applications, …

Guo et al. [SIGGRAPH Asia 2019]

VR and AR



Relighting has wide applications, …

Guo et al. [SIGGRAPH Asia 2019]

VR and AR Photo Enhancement
Google’s Portrait Light



... but it is hard.
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<latexit sha1_base64="OaNJFbjh+s0a4okVkp/ezv//PmA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9y2qteVGp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHyK+M7g==</latexit>c

<latexit sha1_base64="3yJihmNuGF5YIw5kEINZbtyt4Vo=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBahgpSkiHosevFYwX5AE8tmu2mWbjZhd6KU0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+YngGmz72yqsrK6tbxQ3S1vbO7t75f2Dto5TRVmLxiJWXZ9oJrhkLeAgWDdRjES+YB1/dDP1O49MaR7LexgnzIvIUPKAUwJGeqi6EDIgZ9hNQn7aL1fsmj0DXiZOTiooR7Nf/nIHMU0jJoEKonXPsRPwMqKAU8EmJTfVLCF0RIasZ6gkEdNeNrt6gk+MMsBBrExJwDP190RGIq3HkW86IwKhXvSm4n9eL4Xgysu4TFJgks4XBanAEONpBHjAFaMgxoYQqri5FdOQKELBBFUyITiLLy+Tdr3mXNTqd+eVxnUeRxEdoWNURQ66RA10i5qohShS6Bm9ojfryXqx3q2PeWvBymcO0R9Ynz9G45G5</latexit>

(✓,�)

NeRF
(1st 
half)

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x

Volume 
Density

RGB 
Color

Ben Mildenhall*, Pratul P. Srinivasan*, Matthew Tancik*, Jonathan T. Barron, Ravi Ramamoorthi, Ren Ng
NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis
ECCV 2020



Neural Radiance Fields (NeRF) [Mildenhall et al. 2020]

19

NeRF
(1st 
half)

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x

Volume 
Density

Ben Mildenhall*, Pratul P. Srinivasan*, Matthew Tancik*, Jonathan T. Barron, Ravi Ramamoorthi, Ren Ng
NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis
ECCV 2020
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NeRFactor

21

NeRF
(1st 
half)

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x

Volume 
Density

Xiuming Zhang, Pratul P. Srinivasan, Boyang Deng, Paul Debevec, William T. Freeman, Jonathan T. Barron
NeRFactor: Neural Factorization of Shape and Reflectance Under an Unknown Illumination
arXiv



NeRFactor

22

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x



NeRFactor

NeRF’s Surface XYZs
23

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x



NeRFactor

24

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x



NeRFactor
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NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n



NeRFactor

NeRF’s Surface Normals
26

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n



NeRFactor

27

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n



NeRFactor

28

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v



NeRFactor

NeRF’s Light Visibility
29

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v



NeRFactor

30

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v



NeRFactor

31

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetuned
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32

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetuned



NeRFactor

NeRFNeRFactor
33

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.
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NeRFNeRFactor
34

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.
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35

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.
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NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.

BRDF
MLP

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

Wojciech Matusik, Hanspeter Pfister, Matt Brand, Leonard McMillan
A Data-Driven Reflectance Model
TOG 2003
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NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.

BRDF
MLP

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

<latexit sha1_base64="PNyVwDzPr+pVAAW9S4Fxuo0bkdg=">AAACJXicdVBNSwMxEM36bf2qevQSLEIFKbtF1IOHohePCvYDuqVk02kbmt0syaxYlv0zXvwrXjwoInjyr5jWHrTVByGP92aYmRfEUhh03Q9nbn5hcWl5ZTW3tr6xuZXf3qkZlWgOVa6k0o2AGZAigioKlNCINbAwkFAPBpcjv34H2ggV3eIwhlbIepHoCs7QSu38edEPlOyYYWi/1Fch9FjbR7jHVGTZEf3XVVl22M4X3JI7Bp0l3oQUyATX7fyr31E8CSFCLpkxTc+NsZUyjYJLyHJ+YiBmfMB60LQ0YiGYVjq+MqMHVunQrtL2RUjH6s+OlIVmtKmtDBn2zbQ3Ev/ymgl2z1qpiOIEIeLfg7qJpKjoKDLaERo4yqEljGthd6W8zzTjaIPN2RC86ZNnSa1c8k5K5ZvjQuViEscK2SP7pEg8ckoq5Ipckyrh5IE8kRfy6jw6z86b8/5dOudMenbJLzifX849p08=</latexit>

(!i,!o)
<latexit sha1_base64="8JxPNoU0Qk/1/Ko8TBjh20evX1Y=">AAACGnicbZBNS8NAEIY3ftb6FfXoZbEIClKSIuqx6MVjBatCE8pmMzWLmw92J2IJ+R1e/CtePCjiTbz4b9zWHLT6wsLLMzPMzhtkUmh0nE9ranpmdm6+tlBfXFpeWbXX1i90misOXZ7KVF0FTIMUCXRRoISrTAGLAwmXwc3JqH55C0qLNDnHYQZ+zK4TMRCcoUF9293xskj0PYQ7LMJyj3oYAbIKRJMgLHf7dsNpOmPRv8atTINU6vTtdy9MeR5DglwyrXuuk6FfMIWCSyjrXq4hY/yGXUPP2ITFoP1ifFpJtw0J6SBV5iVIx/TnRMFirYdxYDpjhpGerI3gf7VejoMjvxBJliMk/HvRIJcUUzrKiYZCAUc5NIZxJcxfKY+YYhxNmnUTgjt58l9z0Wq6B83W2X6jfVzFUSObZIvsEJcckjY5JR3SJZzck0fyTF6sB+vJerXevlunrGpmg/yS9fEFNp+hng==</latexit>

(�d, ✓h, ✓d)

Wojciech Matusik, Hanspeter Pfister, Matt Brand, Leonard McMillan
A Data-Driven Reflectance Model
TOG 2003
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NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.

BRDF
MLP

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

<latexit sha1_base64="PNyVwDzPr+pVAAW9S4Fxuo0bkdg=">AAACJXicdVBNSwMxEM36bf2qevQSLEIFKbtF1IOHohePCvYDuqVk02kbmt0syaxYlv0zXvwrXjwoInjyr5jWHrTVByGP92aYmRfEUhh03Q9nbn5hcWl5ZTW3tr6xuZXf3qkZlWgOVa6k0o2AGZAigioKlNCINbAwkFAPBpcjv34H2ggV3eIwhlbIepHoCs7QSu38edEPlOyYYWi/1Fch9FjbR7jHVGTZEf3XVVl22M4X3JI7Bp0l3oQUyATX7fyr31E8CSFCLpkxTc+NsZUyjYJLyHJ+YiBmfMB60LQ0YiGYVjq+MqMHVunQrtL2RUjH6s+OlIVmtKmtDBn2zbQ3Ev/ymgl2z1qpiOIEIeLfg7qJpKjoKDLaERo4yqEljGthd6W8zzTjaIPN2RC86ZNnSa1c8k5K5ZvjQuViEscK2SP7pEg8ckoq5Ipckyrh5IE8kRfy6jw6z86b8/5dOudMenbJLzifX849p08=</latexit>

(!i,!o)
<latexit sha1_base64="8JxPNoU0Qk/1/Ko8TBjh20evX1Y=">AAACGnicbZBNS8NAEIY3ftb6FfXoZbEIClKSIuqx6MVjBatCE8pmMzWLmw92J2IJ+R1e/CtePCjiTbz4b9zWHLT6wsLLMzPMzhtkUmh0nE9ranpmdm6+tlBfXFpeWbXX1i90misOXZ7KVF0FTIMUCXRRoISrTAGLAwmXwc3JqH55C0qLNDnHYQZ+zK4TMRCcoUF9293xskj0PYQ7LMJyj3oYAbIKRJMgLHf7dsNpOmPRv8atTINU6vTtdy9MeR5DglwyrXuuk6FfMIWCSyjrXq4hY/yGXUPP2ITFoP1ifFpJtw0J6SBV5iVIx/TnRMFirYdxYDpjhpGerI3gf7VejoMjvxBJliMk/HvRIJcUUzrKiYZCAUc5NIZxJcxfKY+YYhxNmnUTgjt58l9z0Wq6B83W2X6jfVzFUSObZIvsEJcckjY5JR3SJZzck0fyTF6sB+vJerXevlunrGpmg/yS9fEFNp+hng==</latexit>

(�d, ✓h, ✓d)
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NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.

BRDF
MLP

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

<latexit sha1_base64="PNyVwDzPr+pVAAW9S4Fxuo0bkdg=">AAACJXicdVBNSwMxEM36bf2qevQSLEIFKbtF1IOHohePCvYDuqVk02kbmt0syaxYlv0zXvwrXjwoInjyr5jWHrTVByGP92aYmRfEUhh03Q9nbn5hcWl5ZTW3tr6xuZXf3qkZlWgOVa6k0o2AGZAigioKlNCINbAwkFAPBpcjv34H2ggV3eIwhlbIepHoCs7QSu38edEPlOyYYWi/1Fch9FjbR7jHVGTZEf3XVVl22M4X3JI7Bp0l3oQUyATX7fyr31E8CSFCLpkxTc+NsZUyjYJLyHJ+YiBmfMB60LQ0YiGYVjq+MqMHVunQrtL2RUjH6s+OlIVmtKmtDBn2zbQ3Ev/ymgl2z1qpiOIEIeLfg7qJpKjoKDLaERo4yqEljGthd6W8zzTjaIPN2RC86ZNnSa1c8k5K5ZvjQuViEscK2SP7pEg8ckoq5Ipckyrh5IE8kRfy6jw6z86b8/5dOudMenbJLzifX849p08=</latexit>

(!i,!o)
<latexit sha1_base64="8JxPNoU0Qk/1/Ko8TBjh20evX1Y=">AAACGnicbZBNS8NAEIY3ftb6FfXoZbEIClKSIuqx6MVjBatCE8pmMzWLmw92J2IJ+R1e/CtePCjiTbz4b9zWHLT6wsLLMzPMzhtkUmh0nE9ranpmdm6+tlBfXFpeWbXX1i90misOXZ7KVF0FTIMUCXRRoISrTAGLAwmXwc3JqH55C0qLNDnHYQZ+zK4TMRCcoUF9293xskj0PYQ7LMJyj3oYAbIKRJMgLHf7dsNpOmPRv8atTINU6vTtdy9MeR5DglwyrXuuk6FfMIWCSyjrXq4hY/yGXUPP2ITFoP1ifFpJtw0J6SBV5iVIx/TnRMFirYdxYDpjhpGerI3gf7VejoMjvxBJliMk/HvRIJcUUzrKiYZCAUc5NIZxJcxfKY+YYhxNmnUTgjt58l9z0Wq6B83W2X6jfVzFUSObZIvsEJcckjY5JR3SJZzck0fyTF6sB+vJerXevlunrGpmg/yS9fEFNp+hng==</latexit>

(�d, ✓h, ✓d)

BRDF 
Identity 

MLP

: trained from scratch



NeRFactor

<latexit sha1_base64="z3MSzfJRDlCPhada6ovtZJNa62I=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYhA8hd0g6jFEEY9RzAOSJcxOepMhs7PrTG8wLvkOLx4U8erHePNvnDwOmljQUFR1093lx4JrdJxva2l5ZXVtPbOR3dza3tnN7e3XdJQoBlUWiUg1fKpBcAlV5CigESugoS+g7vcvx359AErzSN7jMAYvpF3JA84oGsl7arcQHjEt311dj9q5vFNwJrAXiTsjeTJDpZ37anUiloQgkQmqddN1YvRSqpAzAaNsK9EQU9anXWgaKmkI2ksnR4/sY6N07CBSpiTaE/X3REpDrYehbzpDij09743F/7xmgsGFl3IZJwiSTRcFibAxsscJ2B2ugKEYGkKZ4uZWm/WoogxNTlkTgjv/8iKpFQvuWaF4e5ovlWdxZMghOSInxCXnpERuSIVUCSMP5Jm8kjdrYL1Y79bHtHXJms0ckD+wPn8AunKSEw==</latexit>zBRDF

40

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.

BRDF
MLP

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

<latexit sha1_base64="PNyVwDzPr+pVAAW9S4Fxuo0bkdg=">AAACJXicdVBNSwMxEM36bf2qevQSLEIFKbtF1IOHohePCvYDuqVk02kbmt0syaxYlv0zXvwrXjwoInjyr5jWHrTVByGP92aYmRfEUhh03Q9nbn5hcWl5ZTW3tr6xuZXf3qkZlWgOVa6k0o2AGZAigioKlNCINbAwkFAPBpcjv34H2ggV3eIwhlbIepHoCs7QSu38edEPlOyYYWi/1Fch9FjbR7jHVGTZEf3XVVl22M4X3JI7Bp0l3oQUyATX7fyr31E8CSFCLpkxTc+NsZUyjYJLyHJ+YiBmfMB60LQ0YiGYVjq+MqMHVunQrtL2RUjH6s+OlIVmtKmtDBn2zbQ3Ev/ymgl2z1qpiOIEIeLfg7qJpKjoKDLaERo4yqEljGthd6W8zzTjaIPN2RC86ZNnSa1c8k5K5ZvjQuViEscK2SP7pEg8ckoq5Ipckyrh5IE8kRfy6jw6z86b8/5dOudMenbJLzifX849p08=</latexit>

(!i,!o)
<latexit sha1_base64="8JxPNoU0Qk/1/Ko8TBjh20evX1Y=">AAACGnicbZBNS8NAEIY3ftb6FfXoZbEIClKSIuqx6MVjBatCE8pmMzWLmw92J2IJ+R1e/CtePCjiTbz4b9zWHLT6wsLLMzPMzhtkUmh0nE9ranpmdm6+tlBfXFpeWbXX1i90misOXZ7KVF0FTIMUCXRRoISrTAGLAwmXwc3JqH55C0qLNDnHYQZ+zK4TMRCcoUF9293xskj0PYQ7LMJyj3oYAbIKRJMgLHf7dsNpOmPRv8atTINU6vTtdy9MeR5DglwyrXuuk6FfMIWCSyjrXq4hY/yGXUPP2ITFoP1ifFpJtw0J6SBV5iVIx/TnRMFirYdxYDpjhpGerI3gf7VejoMjvxBJliMk/HvRIJcUUzrKiYZCAUc5NIZxJcxfKY+YYhxNmnUTgjt58l9z0Wq6B83W2X6jfVzFUSObZIvsEJcckjY5JR3SJZzck0fyTF6sB+vJerXevlunrGpmg/yS9fEFNp+hng==</latexit>

(�d, ✓h, ✓d)

BRDF 
Identity 

MLP

: trained from scratch



<latexit sha1_base64="z3MSzfJRDlCPhada6ovtZJNa62I=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYhA8hd0g6jFEEY9RzAOSJcxOepMhs7PrTG8wLvkOLx4U8erHePNvnDwOmljQUFR1093lx4JrdJxva2l5ZXVtPbOR3dza3tnN7e3XdJQoBlUWiUg1fKpBcAlV5CigESugoS+g7vcvx359AErzSN7jMAYvpF3JA84oGsl7arcQHjEt311dj9q5vFNwJrAXiTsjeTJDpZ37anUiloQgkQmqddN1YvRSqpAzAaNsK9EQU9anXWgaKmkI2ksnR4/sY6N07CBSpiTaE/X3REpDrYehbzpDij09743F/7xmgsGFl3IZJwiSTRcFibAxsscJ2B2ugKEYGkKZ4uZWm/WoogxNTlkTgjv/8iKpFQvuWaF4e5ovlWdxZMghOSInxCXnpERuSIVUCSMP5Jm8kjdrYL1Y79bHtHXJms0ckD+wPn8AunKSEw==</latexit>zBRDF

NeRFactor

41

NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.

BRDF
MLP

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

<latexit sha1_base64="PNyVwDzPr+pVAAW9S4Fxuo0bkdg=">AAACJXicdVBNSwMxEM36bf2qevQSLEIFKbtF1IOHohePCvYDuqVk02kbmt0syaxYlv0zXvwrXjwoInjyr5jWHrTVByGP92aYmRfEUhh03Q9nbn5hcWl5ZTW3tr6xuZXf3qkZlWgOVa6k0o2AGZAigioKlNCINbAwkFAPBpcjv34H2ggV3eIwhlbIepHoCs7QSu38edEPlOyYYWi/1Fch9FjbR7jHVGTZEf3XVVl22M4X3JI7Bp0l3oQUyATX7fyr31E8CSFCLpkxTc+NsZUyjYJLyHJ+YiBmfMB60LQ0YiGYVjq+MqMHVunQrtL2RUjH6s+OlIVmtKmtDBn2zbQ3Ev/ymgl2z1qpiOIEIeLfg7qJpKjoKDLaERo4yqEljGthd6W8zzTjaIPN2RC86ZNnSa1c8k5K5ZvjQuViEscK2SP7pEg8ckoq5Ipckyrh5IE8kRfy6jw6z86b8/5dOudMenbJLzifX849p08=</latexit>

(!i,!o)
<latexit sha1_base64="8JxPNoU0Qk/1/Ko8TBjh20evX1Y=">AAACGnicbZBNS8NAEIY3ftb6FfXoZbEIClKSIuqx6MVjBatCE8pmMzWLmw92J2IJ+R1e/CtePCjiTbz4b9zWHLT6wsLLMzPMzhtkUmh0nE9ranpmdm6+tlBfXFpeWbXX1i90misOXZ7KVF0FTIMUCXRRoISrTAGLAwmXwc3JqH55C0qLNDnHYQZ+zK4TMRCcoUF9293xskj0PYQ7LMJyj3oYAbIKRJMgLHf7dsNpOmPRv8atTINU6vTtdy9MeR5DglwyrXuuk6FfMIWCSyjrXq4hY/yGXUPP2ITFoP1ifFpJtw0J6SBV5iVIx/TnRMFirYdxYDpjhpGerI3gf7VejoMjvxBJliMk/HvRIJcUUzrKiYZCAUc5NIZxJcxfKY+YYhxNmnUTgjt58l9z0Wq6B83W2X6jfVzFUSObZIvsEJcckjY5JR3SJZzck0fyTF6sB+vJerXevlunrGpmg/yS9fEFNp+hng==</latexit>

(�d, ✓h, ✓d)

BRDF 
Identity 

MLP

Albedo 
MLP

<latexit sha1_base64="Mzrq9frzKs/D+ICaSB2FHA8Q12o=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2yvD00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AEyo5L5</latexit>a

: trained from scratch



NeRFactor

Albedo

<latexit sha1_base64="z3MSzfJRDlCPhada6ovtZJNa62I=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYhA8hd0g6jFEEY9RzAOSJcxOepMhs7PrTG8wLvkOLx4U8erHePNvnDwOmljQUFR1093lx4JrdJxva2l5ZXVtPbOR3dza3tnN7e3XdJQoBlUWiUg1fKpBcAlV5CigESugoS+g7vcvx359AErzSN7jMAYvpF3JA84oGsl7arcQHjEt311dj9q5vFNwJrAXiTsjeTJDpZ37anUiloQgkQmqddN1YvRSqpAzAaNsK9EQU9anXWgaKmkI2ksnR4/sY6N07CBSpiTaE/X3REpDrYehbzpDij09743F/7xmgsGFl3IZJwiSTRcFibAxsscJ2B2ugKEYGkKZ4uZWm/WoogxNTlkTgjv/8iKpFQvuWaF4e5ovlWdxZMghOSInxCXnpERuSIVUCSMP5Jm8kjdrYL1Y79bHtHXJms0ckD+wPn8AunKSEw==</latexit>zBRDF
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NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.

BRDF
MLP

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

<latexit sha1_base64="PNyVwDzPr+pVAAW9S4Fxuo0bkdg=">AAACJXicdVBNSwMxEM36bf2qevQSLEIFKbtF1IOHohePCvYDuqVk02kbmt0syaxYlv0zXvwrXjwoInjyr5jWHrTVByGP92aYmRfEUhh03Q9nbn5hcWl5ZTW3tr6xuZXf3qkZlWgOVa6k0o2AGZAigioKlNCINbAwkFAPBpcjv34H2ggV3eIwhlbIepHoCs7QSu38edEPlOyYYWi/1Fch9FjbR7jHVGTZEf3XVVl22M4X3JI7Bp0l3oQUyATX7fyr31E8CSFCLpkxTc+NsZUyjYJLyHJ+YiBmfMB60LQ0YiGYVjq+MqMHVunQrtL2RUjH6s+OlIVmtKmtDBn2zbQ3Ev/ymgl2z1qpiOIEIeLfg7qJpKjoKDLaERo4yqEljGthd6W8zzTjaIPN2RC86ZNnSa1c8k5K5ZvjQuViEscK2SP7pEg8ckoq5Ipckyrh5IE8kRfy6jw6z86b8/5dOudMenbJLzifX849p08=</latexit>

(!i,!o)
<latexit sha1_base64="8JxPNoU0Qk/1/Ko8TBjh20evX1Y=">AAACGnicbZBNS8NAEIY3ftb6FfXoZbEIClKSIuqx6MVjBatCE8pmMzWLmw92J2IJ+R1e/CtePCjiTbz4b9zWHLT6wsLLMzPMzhtkUmh0nE9ranpmdm6+tlBfXFpeWbXX1i90misOXZ7KVF0FTIMUCXRRoISrTAGLAwmXwc3JqH55C0qLNDnHYQZ+zK4TMRCcoUF9293xskj0PYQ7LMJyj3oYAbIKRJMgLHf7dsNpOmPRv8atTINU6vTtdy9MeR5DglwyrXuuk6FfMIWCSyjrXq4hY/yGXUPP2ITFoP1ifFpJtw0J6SBV5iVIx/TnRMFirYdxYDpjhpGerI3gf7VejoMjvxBJliMk/HvRIJcUUzrKiYZCAUc5NIZxJcxfKY+YYhxNmnUTgjt58l9z0Wq6B83W2X6jfVzFUSObZIvsEJcckjY5JR3SJZzck0fyTF6sB+vJerXevlunrGpmg/yS9fEFNp+hng==</latexit>

(�d, ✓h, ✓d)

BRDF 
Identity 

MLP

Albedo 
MLP

<latexit sha1_base64="Mzrq9frzKs/D+ICaSB2FHA8Q12o=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2yvD00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AEyo5L5</latexit>a

: trained from scratch



NeRFactor
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NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.

BRDF
MLP

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

<latexit sha1_base64="PNyVwDzPr+pVAAW9S4Fxuo0bkdg=">AAACJXicdVBNSwMxEM36bf2qevQSLEIFKbtF1IOHohePCvYDuqVk02kbmt0syaxYlv0zXvwrXjwoInjyr5jWHrTVByGP92aYmRfEUhh03Q9nbn5hcWl5ZTW3tr6xuZXf3qkZlWgOVa6k0o2AGZAigioKlNCINbAwkFAPBpcjv34H2ggV3eIwhlbIepHoCs7QSu38edEPlOyYYWi/1Fch9FjbR7jHVGTZEf3XVVl22M4X3JI7Bp0l3oQUyATX7fyr31E8CSFCLpkxTc+NsZUyjYJLyHJ+YiBmfMB60LQ0YiGYVjq+MqMHVunQrtL2RUjH6s+OlIVmtKmtDBn2zbQ3Ev/ymgl2z1qpiOIEIeLfg7qJpKjoKDLaERo4yqEljGthd6W8zzTjaIPN2RC86ZNnSa1c8k5K5ZvjQuViEscK2SP7pEg8ckoq5Ipckyrh5IE8kRfy6jw6z86b8/5dOudMenbJLzifX849p08=</latexit>

(!i,!o)
<latexit sha1_base64="8JxPNoU0Qk/1/Ko8TBjh20evX1Y=">AAACGnicbZBNS8NAEIY3ftb6FfXoZbEIClKSIuqx6MVjBatCE8pmMzWLmw92J2IJ+R1e/CtePCjiTbz4b9zWHLT6wsLLMzPMzhtkUmh0nE9ranpmdm6+tlBfXFpeWbXX1i90misOXZ7KVF0FTIMUCXRRoISrTAGLAwmXwc3JqH55C0qLNDnHYQZ+zK4TMRCcoUF9293xskj0PYQ7LMJyj3oYAbIKRJMgLHf7dsNpOmPRv8atTINU6vTtdy9MeR5DglwyrXuuk6FfMIWCSyjrXq4hY/yGXUPP2ITFoP1ifFpJtw0J6SBV5iVIx/TnRMFirYdxYDpjhpGerI3gf7VejoMjvxBJliMk/HvRIJcUUzrKiYZCAUc5NIZxJcxfKY+YYhxNmnUTgjt58l9z0Wq6B83W2X6jfVzFUSObZIvsEJcckjY5JR3SJZzck0fyTF6sB+vJerXevlunrGpmg/yS9fEFNp+hng==</latexit>

(�d, ✓h, ✓d)

BRDF 
Identity 

MLP

Albedo 
MLP

<latexit sha1_base64="Mzrq9frzKs/D+ICaSB2FHA8Q12o=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2yvD00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AEyo5L5</latexit>a

: trained from scratch
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NeRF
(1st 
half)

expected
ray term.

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

accumulated 
transmittance

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

Normal 
MLP

pseudo-GT as sup.

: pre-trained; frozen

: pre-trained; jointly finetunedLight 
Visibility 

MLP

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

pseudo-GT as sup.

BRDF
MLP

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

<latexit sha1_base64="PNyVwDzPr+pVAAW9S4Fxuo0bkdg=">AAACJXicdVBNSwMxEM36bf2qevQSLEIFKbtF1IOHohePCvYDuqVk02kbmt0syaxYlv0zXvwrXjwoInjyr5jWHrTVByGP92aYmRfEUhh03Q9nbn5hcWl5ZTW3tr6xuZXf3qkZlWgOVa6k0o2AGZAigioKlNCINbAwkFAPBpcjv34H2ggV3eIwhlbIepHoCs7QSu38edEPlOyYYWi/1Fch9FjbR7jHVGTZEf3XVVl22M4X3JI7Bp0l3oQUyATX7fyr31E8CSFCLpkxTc+NsZUyjYJLyHJ+YiBmfMB60LQ0YiGYVjq+MqMHVunQrtL2RUjH6s+OlIVmtKmtDBn2zbQ3Ev/ymgl2z1qpiOIEIeLfg7qJpKjoKDLaERo4yqEljGthd6W8zzTjaIPN2RC86ZNnSa1c8k5K5ZvjQuViEscK2SP7pEg8ckoq5Ipckyrh5IE8kRfy6jw6z86b8/5dOudMenbJLzifX849p08=</latexit>

(!i,!o)
<latexit sha1_base64="8JxPNoU0Qk/1/Ko8TBjh20evX1Y=">AAACGnicbZBNS8NAEIY3ftb6FfXoZbEIClKSIuqx6MVjBatCE8pmMzWLmw92J2IJ+R1e/CtePCjiTbz4b9zWHLT6wsLLMzPMzhtkUmh0nE9ranpmdm6+tlBfXFpeWbXX1i90misOXZ7KVF0FTIMUCXRRoISrTAGLAwmXwc3JqH55C0qLNDnHYQZ+zK4TMRCcoUF9293xskj0PYQ7LMJyj3oYAbIKRJMgLHf7dsNpOmPRv8atTINU6vTtdy9MeR5DglwyrXuuk6FfMIWCSyjrXq4hY/yGXUPP2ITFoP1ifFpJtw0J6SBV5iVIx/TnRMFirYdxYDpjhpGerI3gf7VejoMjvxBJliMk/HvRIJcUUzrKiYZCAUc5NIZxJcxfKY+YYhxNmnUTgjt58l9z0Wq6B83W2X6jfVzFUSObZIvsEJcckjY5JR3SJZzck0fyTF6sB+vJerXevlunrGpmg/yS9fEFNp+hng==</latexit>

(�d, ✓h, ✓d)

BRDF 
Identity 

MLP

Albedo 
MLP

<latexit sha1_base64="Mzrq9frzKs/D+ICaSB2FHA8Q12o=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2yvD00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AEyo5L5</latexit>a

Light
(lat.-long. map)

: trained from scratch
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Albedo 
MLP

BRDF
MLP Render

NeRF
(1st 
half)

Normal 
MLP

Light 
Visibility 

MLP

pseudo-GT as sup.

pseudo-GT as sup.

accumulated 
transmittance

expected
ray term.

BRDF 
Identity 

MLP

Light
(lat.-long. map)

: pre-trained; frozen

: pre-trained; jointly finetuned

: trained from scratch

<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

<latexit sha1_base64="Mzrq9frzKs/D+ICaSB2FHA8Q12o=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2yvD00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AEyo5L5</latexit>a

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

<latexit sha1_base64="PNyVwDzPr+pVAAW9S4Fxuo0bkdg=">AAACJXicdVBNSwMxEM36bf2qevQSLEIFKbtF1IOHohePCvYDuqVk02kbmt0syaxYlv0zXvwrXjwoInjyr5jWHrTVByGP92aYmRfEUhh03Q9nbn5hcWl5ZTW3tr6xuZXf3qkZlWgOVa6k0o2AGZAigioKlNCINbAwkFAPBpcjv34H2ggV3eIwhlbIepHoCs7QSu38edEPlOyYYWi/1Fch9FjbR7jHVGTZEf3XVVl22M4X3JI7Bp0l3oQUyATX7fyr31E8CSFCLpkxTc+NsZUyjYJLyHJ+YiBmfMB60LQ0YiGYVjq+MqMHVunQrtL2RUjH6s+OlIVmtKmtDBn2zbQ3Ev/ymgl2z1qpiOIEIeLfg7qJpKjoKDLaERo4yqEljGthd6W8zzTjaIPN2RC86ZNnSa1c8k5K5ZvjQuViEscK2SP7pEg8ckoq5Ipckyrh5IE8kRfy6jw6z86b8/5dOudMenbJLzifX849p08=</latexit>

(!i,!o)
<latexit sha1_base64="8JxPNoU0Qk/1/Ko8TBjh20evX1Y=">AAACGnicbZBNS8NAEIY3ftb6FfXoZbEIClKSIuqx6MVjBatCE8pmMzWLmw92J2IJ+R1e/CtePCjiTbz4b9zWHLT6wsLLMzPMzhtkUmh0nE9ranpmdm6+tlBfXFpeWbXX1i90misOXZ7KVF0FTIMUCXRRoISrTAGLAwmXwc3JqH55C0qLNDnHYQZ+zK4TMRCcoUF9293xskj0PYQ7LMJyj3oYAbIKRJMgLHf7dsNpOmPRv8atTINU6vTtdy9MeR5DglwyrXuuk6FfMIWCSyjrXq4hY/yGXUPP2ITFoP1ifFpJtw0J6SBV5iVIx/TnRMFirYdxYDpjhpGerI3gf7VejoMjvxBJliMk/HvRIJcUUzrKiYZCAUc5NIZxJcxfKY+YYhxNmnUTgjt58l9z0Wq6B83W2X6jfVzFUSObZIvsEJcckjY5JR3SJZzck0fyTF6sB+vJerXevlunrGpmg/yS9fEFNp+hng==</latexit>

(�d, ✓h, ✓d)
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<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf

<latexit sha1_base64="OfIqcm9DmvjZbClZA6CQ4jlPlV8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aWiaK0CaRXKpOgDXlTNCmYYbTTqwojgJO28H4OvPbD1RpJsWdmcTUj/BQsAEj2FjpvhdIHupJZK/0adovV9yqOwNaJl5OKpCj0S9/9UJJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvpLPUUnVglRAOp7BEGzdTfGymOdBbNTkbYjPSil4n/ed3EDC79lIk4MVSQ+UODhCMjUVYBCpmixPCJJZgoZrMiMsIKE2OLKtkSvMUvL5NWreqdV2u3Z5X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTr5zCH/gfP4AVZaTEA==</latexit>x
<latexit sha1_base64="s4v2+FC9uJUs0myW2JdRLiWj2q0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF1GXRjcsK9gFNKJPJpB06mQkzE7GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+QMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvYCpAijnLQ11Yz0EklQHDDSDcbXhd+9J1JRwe/0JCF+jIacRhQjbaSBfehFEuEszLPQCwQL1SQ2X/aQ5wO75tSdKeAicUtSAyVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hHMVE+dn0hByeGCWEkZDmcQ2n6u+ODMWq2M1UxkiP1LxXiP95/VRHl35GeZJqwvFsUJQyqAUs8oAhlQRrNjEEYUnNrhCPkMlEm9SqJgR3/uRF0mnU3fN64/as1rwq46iAI3AMToELLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSJavsOQB/YH3+ANhsmF8=</latexit>

d

dx

<latexit sha1_base64="CqK5YU2YsyAHk8kp6/xwQyNdvAA=">AAACBXicbVBNS8NAEN34WetX1KMegkXwVJIi6rHoxWMF+wFNKZvttF26yYbdiVhCL178K148KOLV/+DNf+OmzUFbHyz7eG+GmXlBLLhG1/22lpZXVtfWCxvFza3tnV17b7+hZaIY1JkUUrUCqkHwCOrIUUArVkDDQEAzGF1nfvMelOYyusNxDJ2QDiLe54yikbr2kR9I0dPj0HypL0MY0K6P8IApn0y6dsktu1M4i8TLSYnkqHXtL78nWRJChExQrdueG2MnpQo5EzAp+omGmLIRHUDb0IiGoDvp9IqJc2KUntOXyrwInan6uyOloc4WNZUhxaGe9zLxP6+dYP+yk/IoThAiNhvUT4SD0skicXpcAUMxNoQyxc2uDhtSRRma4IomBG/+5EXSqJS983Ll9qxUvcrjKJBDckxOiUcuSJXckBqpE0YeyTN5JW/Wk/VivVsfs9IlK+85IH9gff4AGUuZmw==</latexit>!i

<latexit sha1_base64="mw0GeuR83/hro1F8N5+3qQU9ms4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GWpIi6r2Ac0oUymk3bo5MHMjVhDwI2/4saFIm79CXf+jZM2C209MMzhnHu59x434kyCaX5rhYXFpeWV4mppbX1jc0vf3mnJMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y7OM799R4VkYXAL44g6Ph4EzGMEg5J6+p7thrwvx776koeeDfQekvrNxWWa9vSyWTEnMOaJlZMyytHo6V92PySxTwMgHEvZtcwInAQLYITTtGTHkkaYjPCAdhUNsE+lk0xuSI1DpfQNLxTqBWBM1N8dCfZltqaq9DEM5ayXif953Ri8MydhQRQDDch0kBdzA0IjC8ToM0EJ8LEimAimdjXIEAtMQMVWUiFYsyfPk1a1Yp1UqtfH5Vo9j6OI9tEBOkIWOkU1dIUaqIkIekTP6BW9aU/ai/aufUxLC1res4v+QPv8AeMHmFE=</latexit>zBRDF

<latexit sha1_base64="Mzrq9frzKs/D+ICaSB2FHA8Q12o=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2yvD00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AEyo5L5</latexit>a

<latexit sha1_base64="zuMR+F00Fn7dYyoq+1dafhGCjJE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ysT00Gl6tbcGdAy8QpShQLNQeWrH0qSxlQYwrHWPc9NjJ9hZRjhdFrup5ommIzxkPYsFTim2s9mqafo1CohiqSyRxg0U39vZDjWeTQ7GWMz0oteLv7n9VITXfkZE0lqqCDzh6KUIyNRXgEKmaLE8IklmChmsyIywgoTY4sq2xK8xS8vk3a95l3U6nfn1cZ1UUcJjuEEzsCDS2jALTShBQQUPMMrvDlPzovz7nzMR1ecYucI/sD5/AFGZJMG</latexit>n

<latexit sha1_base64="PNyVwDzPr+pVAAW9S4Fxuo0bkdg=">AAACJXicdVBNSwMxEM36bf2qevQSLEIFKbtF1IOHohePCvYDuqVk02kbmt0syaxYlv0zXvwrXjwoInjyr5jWHrTVByGP92aYmRfEUhh03Q9nbn5hcWl5ZTW3tr6xuZXf3qkZlWgOVa6k0o2AGZAigioKlNCINbAwkFAPBpcjv34H2ggV3eIwhlbIepHoCs7QSu38edEPlOyYYWi/1Fch9FjbR7jHVGTZEf3XVVl22M4X3JI7Bp0l3oQUyATX7fyr31E8CSFCLpkxTc+NsZUyjYJLyHJ+YiBmfMB60LQ0YiGYVjq+MqMHVunQrtL2RUjH6s+OlIVmtKmtDBn2zbQ3Ev/ymgl2z1qpiOIEIeLfg7qJpKjoKDLaERo4yqEljGthd6W8zzTjaIPN2RC86ZNnSa1c8k5K5ZvjQuViEscK2SP7pEg8ckoq5Ipckyrh5IE8kRfy6jw6z86b8/5dOudMenbJLzifX849p08=</latexit>

(!i,!o)
<latexit sha1_base64="8JxPNoU0Qk/1/Ko8TBjh20evX1Y=">AAACGnicbZBNS8NAEIY3ftb6FfXoZbEIClKSIuqx6MVjBatCE8pmMzWLmw92J2IJ+R1e/CtePCjiTbz4b9zWHLT6wsLLMzPMzhtkUmh0nE9ranpmdm6+tlBfXFpeWbXX1i90misOXZ7KVF0FTIMUCXRRoISrTAGLAwmXwc3JqH55C0qLNDnHYQZ+zK4TMRCcoUF9293xskj0PYQ7LMJyj3oYAbIKRJMgLHf7dsNpOmPRv8atTINU6vTtdy9MeR5DglwyrXuuk6FfMIWCSyjrXq4hY/yGXUPP2ITFoP1ifFpJtw0J6SBV5iVIx/TnRMFirYdxYDpjhpGerI3gf7VejoMjvxBJliMk/HvRIJcUUzrKiYZCAUc5NIZxJcxfKY+YYhxNmnUTgjt58l9z0Wq6B83W2X6jfVzFUSObZIvsEJcckjY5JR3SJZzck0fyTF6sB+vJerXevlunrGpmg/yS9fEFNp+hng==</latexit>

(�d, ✓h, ✓d)

Xiuming Zhang, Pratul P. Srinivasan, Boyang Deng, Paul Debevec, William T. Freeman, Jonathan T. Barron
NeRFactor: Neural Factorization of Shape and Reflectance Under an Unknown Illumination
arXiv
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<latexit sha1_base64="+QEJNuyxbank3U3v1VkBjLYmsJs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqmPKg==</latexit>�

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

<latexit sha1_base64="gXJmz29XFah1xKGcAW/+7Sy8n4k=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1GXRjcsK9gFNCJPJpB06eTBzIy0h4MZfceNCEbf+hDv/xkmbhbYeGOZwzr3ce4+XcCbBNL+1ysrq2vpGdbO2tb2zu6fvH3RlnApCOyTmseh7WFLOItoBBpz2E0Fx6HHa88Y3hd97oEKyOLqHaUKdEA8jFjCCQUmufmR7MfflNFRfNnFtoBPIZCqCPHf1utkwZzCWiVWSOirRdvUv249JGtIICMdSDiwzASfDAhjhNK/ZqaQJJmM8pANFIxxS6WSzG3LjVCm+EcRCvQiMmfq7I8OhLNZUlSGGkVz0CvE/b5BCcOVkLEpSoBGZDwpSbkBsFIEYPhOUAJ8qgolgaleDjLDABFRsNRWCtXjyMuk2G9ZFo3l3Xm9dl3FU0TE6QWfIQpeohW5RG3UQQY/oGb2iN+1Je9HetY95aUUrew7RH2ifP9fHmPE=</latexit>xsurf
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Results
on Appearance Factorization, Free-Viewpoint Relighting, & Material Editing
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Ablation Studies
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NeRF’s shape is too noisy for relighting.

Surface Normals Light Visibility Relighting
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Smoothness constraints are crucial.

Surface Normals BRDFs Relighting
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Geometry pretraining improves shape and reflectance.

Surface Normals Albedo Relighting
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Learned BRDFs are more optimization-friendly. 

Albedo BRDFs Relighting
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Baseline Comparisons
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SIRFS does not exploit multiple views. 

Jonathan T. Barron, Jitendra Malik
Shape, Illumination, and Reflectance From Shading
TPAMI 2015

SIRFS

Ground 
Truth
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SIRFS does not exploit multiple views. 

Jonathan T. Barron, Jitendra Malik
Shape, Illumination, and Reflectance From Shading
TPAMI 2015

NeRFactor 
(ours)

Ground 
Truth

59



Oxholm & Nishino do not support SVBRDFs or shadows. 

Geoffrey Oxholm, Ko Nishino
Multiview Shape and Reflectance From Natural Illumination
CVPR 2014

†Enhanced and Requiring Ground-Truth Lighting

Surface Normals Albedo Rendering
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Philip et al. do not support arbitrary relighting.

Julien Philip, Michaël Gharbi, Tinghui Zhou, Alexei A. Efros, George Drettakis
Multi-View Relighting Using a Geometry-Aware Network
TOG 2019

Philip et al. 
[2019]

Ground 
Truth

N/A
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Philip et al. do not support arbitrary relighting.

Julien Philip, Michaël Gharbi, Tinghui Zhou, Alexei A. Efros, George Drettakis
Multi-View Relighting Using a Geometry-Aware Network
TOG 2019

NeRFactor 
(ours)

Ground 
Truth
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Neural Factorization of Shape and Reflectance (NeRFactor)

Contributions:

1. A method for factorizing appearance into shape and reflectance, 
under one unknown lighting condition.

2. A strategy to distill NeRF-estimated geometry and then refine it.

3. Data-driven BRDF priors learned from real measured BRDFs.

Key differences:

1. Models indirect illumination,

2. Optimizes shape from scratch, and

3. Learns from multiple, known lighting 
conditions.

❌ No indirect illumination ❌ Relies on NeRF geometry

Pratul P. Srinivasan, Boyang Deng, Xiuming Zhang, 
Matthew Tancik, Ben Mildenhall, Jonathan T. Barron

NeRV: Neural Reflectance and Visibility Fields for 
Relighting and View Synthesis

CVPR 2021



Neural Visibility Fields (NeRV)

Pratul P. Srinivasan, Boyang Deng, Xiuming Zhang, Matthew Tancik, Ben Mildenhall, Jonathan T. Barron
NeRV: Neural Reflectance and Visibility Fields for Relighting and View Synthesis
CVPR 2021
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Neural Visibility Fields (NeRV)



NeRV models (first-bounce) indirect illumination.

Pratul P. Srinivasan, Boyang Deng, Xiuming Zhang, Matthew Tancik, Ben Mildenhall, Jonathan T. Barron
NeRV: Neural Reflectance and Visibility Fields for Relighting and View Synthesis
CVPR 2021



NeRV optimizes geometry from scratch.

Pratul P. Srinivasan, Boyang Deng, Xiuming Zhang, Matthew Tancik, Ben Mildenhall, Jonathan T. Barron
NeRV: Neural Reflectance and Visibility Fields for Relighting and View Synthesis
CVPR 2021



NeRV learns from multiple known lighting conditions.

Pratul P. Srinivasan, Boyang Deng, Xiuming Zhang, Matthew Tancik, Ben Mildenhall, Jonathan T. Barron
NeRV: Neural Reflectance and Visibility Fields for Relighting and View Synthesis
CVPR 2021



NeRV Results
Novel Views and Lighting

Material Editing
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Questions?
NeRFactor:
Paper, videos, code, & data:
https://people.csail.mit.edu/
xiuming/projects/nerfactor
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❌ Not relightable ❌ Trainable only with lights collocated with cameras

❌ direct illumination only

NeRF

Mildenhall*, Srinivasan*, Tancik*, Barron, 
Ramamoorthi, Ng

ECCV 2020

Neural Reflectance Fields

Bi*, Xu*, Srinivasan, Mildenhall, Sunkavalli, 
Hašan, Hold-Geoffroy, Kriegman, 

Ramamoorthi
arXiv 2020

* indicates equal contribution

Indirect lighting (one bounce only & hard surface assumption):

Direct lighting (amortizing visibility computation):

✅ Trainable with any lights (including full light probes)

✅ Considers one-bounce indirect illumination

NeRF doesn’t require geometry, but doesn’t support relighting.

NeRV: Neural Reflectance and Visibility Fields for Relighting and View 
Synthesis

Srinivasan, Deng, Zhang, Tancik, Mildenhall, Barron
arXiv 2020


