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Figure 1: We transfer an object from one captured 3DGS scene into another and harmonize its lighting so that shadows and reflec-
tions match the new environment. Naively compositing the source object (the car, from Ref-NeRF [VHM*21]) into the target scene (from
DL3DV [LST*24]) leaves it inconsistently lit, with missing shadows and wrong reflection highlights (upper row). Our method harmonizes
the object and produces a multi-view consistent result (lower row).

Abstract
3D Gaussian Splatting (3DGS) is widely used to capture and render real scenes. Compositing objects from one capture into
another has applications in many domains, such as VFX, architecture and interior design, or marketing. However, extracting
an object from a source scene and naively pasting it into a target scene will fail to produce realistic results due to the different
lighting conditions between the two scenes. To address this problem, we introduce a diffusion model that harmonizes naively
composited images with inconsistent lighting. The model is trained with a heterogeneous dataset of image pairs (inconsistent
composite input, consistent output), combining synthetic, generated, and real data. Our complete 3D solution allows a user
to extract an object from the source scene and composite it into the target scene. From this, the (inconsistent) views of the
target scene with the composite object are rendered. Our diffusion model harmonizes each one of these views, which are finally
consolidated in a 3DGS representation with a post-optimization step. Our method provides visually compelling results, making
object transfer between 3DGS easy to use and significantly improving quality compared to previous methods.

1. Introduction

3D Gaussian Splatting (3DGS) [KKLD23] allows easy capture and
real-time free-viewpoint navigation for real scenes. Unfortunately,
such representations are hard to edit, since they entangle materi-
als and lighting as they appear at capture time. Compositing scenes
and objects captured independently has many real-world applica-
tions ranging from VFX and architectural visualization to interior

design and marketing. But naively compositing scenes by copying
Gaussian primitives from a source scene to a target scene leads to
unrealistic results because of the lighting inconsistencies between
the two scenes (Fig. 1, top row). We introduce a method that allows
a user to extract an object from one captured 3DGS scene, interac-
tively place it into another scene in 3D, and produce a composited
scene with consistent lighting.
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Traditional solutions to the composition problem involve model-
ing the geometry and materials of the objects, and rendering using
estimated light from the captured target scene; this is technically
demanding and costly, requiring both expert 3D modeling and reli-
able lighting estimation. Previous automated methods have tried to
harmonize the illumination of an inserted object for the 2D im-
age case [NCL*25]. Recently, diffusion models have been used
as priors to allow relighting of images, producing consistent high-
lights and shadows [JLL*24; CWP*25; MHT*25], and also to per-
form intrinsic image decomposition and editing [ZDG*24; KSN23;
CMA23; CA25]. Lifting such 2D image methods to 3D requires
making the result consistent over all input views used for capture.
This is a hard task due to the inverse and ambiguous nature of the
problem combined with the lack of hyper-realistic 3D datasets. Dif-
fusion models can also relight captured 3D objects in the simpli-
fied case of distant illumination [JTL*24; LZF*24], but ignore cast
shadows and foreground-background interactions. These models
have been used to relight more general scenes [PGP*24], but com-
position and harmonization across captures are not feasible with
such methods.

We thus present DOT3D, Diffusion Object Transfer in 3D, a
method to transfer objects from a source scene into a target scene.
DOT3D allows the user to interactively extract an object from a
source 3DGS scene, place it at the desired location in a target 3DGS
environment, and harmonize the object to match its new environ-
ment. To harmonize the object in the target scene, we first render
each input view of the naively composited scene and use a fine-
tuned diffusion model to harmonize the inconsistent lighting in
these renders. We then consolidate the independently harmonized
views in 3D so they are multi-view consistent, producing a fully
harmonized 3DGS scene.

In practice, this process faces two challenges: 1) fine-tuning
a diffusion model to harmonize images requires a high-quality
dataset, and 2) ensuring multi-view consistency of the individu-
ally harmonized images. To address the first challenge, we cre-
ate a heterogeneous dataset that combines three sources: synthetic
data with ground-truth values rendered using global illumination,
paired multi-illumination data generated by a high-quality diffu-
sion model, and paired real data showing scenes with and with-
out an object, augmented with a relighting network. For the second
challenge, we propose a 3DGS post-optimization to consolidate the
individually harmonized views into a consistent 3DGS representa-
tion.

In summary, our main contributions are:

� A diffusion model specialized for 2D lighting harmonization of
image object insertion, trained with a heterogeneous dataset that
includes multiple sources of synthetic, generated, and real data.
� A 3DGS post-optimization for multi-view consolidation of inde-

pendently harmonized views to create a consistent scene.
� An interactive pipeline allowing users to extract an object from

a source scene, and insert it into a target capture with consistent
lighting.

Our results on a variety of commonly used datasets demonstrate
that we achieve plausible and consistent object transfer between
captured real scenes. Our code and data are available at https:
//repo-sam.inria.fr/nerphys/dot3d

2. Related Work

Novel View Synthesis with Radiance Fields. Neural Radiance
Fields (NeRF) [MST*20; BMT*21; BMV*22] represent a scene
with a multi-layer perceptron (MLP) that maps position and view-
ing direction into volumetric density and view-dependent color.
The colors along pixel rays are integrated to produce the rendered
image. Despite using acceleration structures [MESK22; FYT*22],
rendering each pixel involves marching along a ray and querying
the MLP hundreds of times, making rendering slow. To overcome
this limitation, 3D Gaussian Splatting (3DGS) [KKLD23] repre-
sents a scene with a set of Gaussian primitives that can be ef-
ficiently rasterized on the GPU, allowing real-time rendering at
over 100 FPS. Since its introduction, 3DGS has been extended
to address some of its limitations, notably high-frequency reflec-
tions [YHZ24; KWT25], and has shown promising development
for relighting and inverse rendering in the simplified object-centric
case [JTL*24; LZF*24].

Radiance Field Segmentation. To extract an object from one
scene and insert it into another, we must identify which Gaussians
belong to the object. Most methods extend the Gaussian primitives
with additional features, and then optimize these features to match
2D masks of the object across different views [SPB*23; QLZ*23;
QYZW24; ZCJ*24; LYB*24; YDYK23; ZLL*25]. During opti-
mization, contrastive methods check whether two pixels belong to
the same mask. This avoids tracking mask correspondences across
views, but makes optimization slow [GLF*24; KWK*24; CSK*24;
CFY*24; YYZ*24; VMG*25]. Since we extract a single object, we
optimize the features of the primitives to match a binary mask using
a simple binary classification loss, making optimization faster.

Light Control with Generative Models. To insert an object into
a new environment, we must relight the object and cast proper
shadows and reflections to match the new environment. Early
approaches based on GANs [KLA19; KLA*20] edit the light-
ing of generated scenes via latent space manipulation [HHLP20;
BMHF23; WYLL22]. However, training GANs is prone to instabil-
ities and mode collapse [BZW*19]. Diffusion models [SWMG15;
HJA20; DN21; SE19; SSK*20] are more stable to train and of-
fer unprecedented high-quality text-to-image synthesis at large
scale [RBL*22; RDN*22]. These models require costly training,
which has motivated fine-tuning and control methods that adapt
pre-trained models to novel tasks [HSW*21; YZL*23; ZRA23].

Building on this progress, diffusion models have been widely
adopted by the graphics and vision communities, and in par-
ticular, they have been extended for lighting manipulation tasks
on images. Recent work has enabled direct control over light
sources [PGP*24; MHT*25]. Another line of work, inspired by
3D modeling workflows, employs intrinsic decomposition meth-
ods [ZDG*24; KSN23; LCY*24] to extract channels such as
albedo, roughness, normals, and shading, which in turn enable edit-
ing through direct manipulation of these channels. Applications in-
clude object insertion, removal, and relighting [LDH*25; ZFG*25;
CMA23], but these approaches require precise edits on multiple
channels, and are restricted to the 2D case.

Careaga and Aksoy [CA25] propose an intrinsic-based approach
for 2D relighting with an intermediate mesh estimation to control
lighting. Recently, initial efforts have been made to consolidate 2D
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