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Figure 1: Given a set of posed images under unknown illumination (top), our method reconstructs a
relightable neural radiance field (bottom), that can be rendered under any novel environment map
without further optimization, on-the-fly relighting and novel view synthesis.

Abstract

We introduce ROGR, a novel approach that reconstructs a relightable 3D model of
an object captured from multiple views, driven by a generative relighting model
that simulates the effects of placing the object under novel environment illumina-
tions. Our method samples the appearance of the object under multiple lighting
environments, creating a dataset that is used to train a lighting-conditioned Neu-
ral Radiance Field (NeRF) that outputs the object’s appearance under any input
environmental lighting. The lighting-conditioned NeRF uses a novel dual-branch
architecture to encode the general lighting effects and specularities separately. The
optimized lighting-conditioned NeRF enables efficient feed-forward relighting
under arbitrary environment maps without requiring per-illumination optimization
or light transport simulation. We evaluate our approach on the established TensoIR
and Stanford-ORB datasets, where it improves upon the state-of-the-art on most
metrics, and showcase our approach on real-world object captures. Project Page

1 Introduction

Inserting real-world objects into new environments is a long-standing problem in computer graphics [1,
2], with numerous applications in the movie and gaming industries. While recent years have seen
significant progress in 3D object reconstruction for view synthesis using radiance fields [3, 4], these
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techniques represent an object illuminated by a single �xed environment and they do not enable
changing the appearance of the object due to changes in the lighting. This work extends 3D object
reconstruction to enable rendering the object under arbitrary illumination.

A typical approach for reconstructing relightable 3D representations from images is inverse rendering:
optimizing the material and lighting parameters that together explain the captured images. This is
particularly challenging for real-world captures as it is brittle and sensitive to mismatches between
the real world's physical light transport and the simpli�ed lighting and material models used during
optimization. Furthermore, due to the problem's inherent ambiguities, object properties recovered by
inverse rendering often appear implausible and unrealistic when viewed under novel lighting.

At the same time, recent relighting diffusion models [5, 6, 7] have demonstrated impressive capa-
bilities for generating realistic images of objects under arbitrary illumination. However, they only
generate a single relit image at a time, which results in inconsistent relighting results when applied to
a sequence of viewpoints. While these inconsistently-relit samples can be reconstructed into a single
3D representation [7], optimizing a new 3D representation for each new target lighting is tedious and
precludes interactive use cases.

We propose a strategy for distilling samples from a relighting diffusion model into a relightable 3D
Neural Radiance Field (NeRF) that can be rendered from arbitrary viewpoints under arbitrary novel
environment illumination. Given images of an object, we �rst use a multi-view diffusion network to
generate view-consistent relit images under a wide array of environment illuminations. We then use
these multi-view multi-illumination samples to train a novel NeRF architecture that predicts outgoing
view-dependent color conditioned on a target illumination.

We evaluate the ef�ciacy of our method on the task of 3D relighting using both synthetic and real-
world benchmarks. Our approach achieves state-of-the-art results but also demonstrates signi�cantly
improved test-time performance compared to prior work. These performance gains are due to our
generalizable feed-forward relightable NeRF.

2 Related Work

Inverse Rendering for Relighting. Recovering relightable 3D representations of objects from
images is a longstanding goal in computer vision and graphics. The prevalent approach is inverse
rendering: decomposing the object's appearance into its underlying geometry, illumination, and
material parameters, and relighting the object by simulating the physical interaction of a new target
illumination with the recovered geometry and materials [8, 9, 10, 11].

Modern methods for reconstructing relightable 3D representations with inverse rendering use dif-
ferentiable rendering techniques [12, 13] to optimize mesh [14, 15], distance �eld [16], or volumet-
ric [17, 18, 19, 20, 21, 22, 23, 24] representations of object geometry and material parameters. While
these inverse rendering approaches can be effective, they come with signi�cant limitations: errors in
estimating an object's geometry and materials can produce unrealistic appearance when the object is
relit under a new illumination and physically-accurate relighting involves computationally-expensive
Monte Carlo simulation of global illumination, which can be too slow for interactive use cases.

Precomputed Radiance Transfer and Light Stages.Early approaches for interactive relighting
in the �eld of computer graphics proposed the idea of Precomputed Radiance Transfer (PRT) [25].
As appearance behaves linearly with respect to lighting, an object or scene's appearance can be
precomputed under a set of basis lightings and these can be linearly combined to produce appearance
under any desired target lighting condition. While PRT-based techniques enable interactive relighting,
they struggle with the memory demands of storing the precomputed transfer matrices. To enable
rendering under novel illuminations from arbitrary viewpoints, PRT-based methods need to store a
full transfer matrix for each 3D point in the scene. These memory requirements are prohibitive even
for modestly sized scenes and environment maps, so a large body of work focuses on compressing
these PRT matrices [26, 27].

One-light-at-a-time (OLAT) captures in light stages [28] can be thought of as directly capturing basis
vectors of a real object's radiance transfer matrices. Since each image captured by the light stage is of
the object illuminated by a single element of a standard lighting basis, they can be linearly combined
to reproduce the object's appearance under any desired environment illumination.
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