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Fig. 1: We propose to represent surfaces by a mesh covered with a “Frosting” layer
of varying thickness and made of 3D Gaussians. This representation captures both
complex volumetric effects created by fuzzy materials such as the cat’s hair or grass
as well as flat surfaces. Built from RGB images only, it can be rendered in real-time
and animated using traditional animation tools. In the example above, we were able
to animate both Buzz and the kitten, changing their original pose (a) while preserving
high-quality rendering (b): Contrary to SuGaR, very fine and fuzzy details such as the
kitten’s hair can be seen covering Buzz’s legs in a realistic way (c).

Abstract. We propose Gaussian Frosting, a novel mesh-based repre-
sentation for high-quality rendering and editing of complex 3D effects
in real-time. Our approach builds on the recent 3D Gaussian Splatting
framework, which optimizes a set of 3D Gaussians to approximate a ra-
diance field from images. We propose first extracting a base mesh from
Gaussians during optimization, then building and refining an adaptive
layer of Gaussians with a variable thickness around the mesh to better
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capture the fine details and volumetric effects near the surface, such as
hair or grass. We call this layer Gaussian Frosting, as it resembles a coat-
ing of frosting on a cake. The fuzzier the material, the thicker the frost-
ing. We also introduce a parameterization of the Gaussians to enforce
them to stay inside the frosting layer and automatically adjust their pa-
rameters when deforming, rescaling, editing or animating the mesh. Our
representation allows for efficient rendering using Gaussian splatting, as
well as editing and animation by modifying the base mesh. Additionally,
the mesh can be used for occlusion culling on Gaussians, accelerating
rendering during both optimization and inference. We demonstrate the
effectiveness of our method on various synthetic and real scenes, and
show that it outperforms existing surface-based approaches. We will re-
lease our code and a web-based viewer as additional contributions.
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1 Introduction

3D Gaussian Splatting (3DGS) [16]| has recently conquered the field of 3D re-
construction and image-based rendering. By representing a scene with a large
set of tiny Gaussians, 3DGS allows for fast reconstruction and rendering, while
nicely capturing fine details and complex light effects. Compared to earlier neu-
ral rendering methods such as NeRFs [23], 3DGS is much more efficient for both
the reconstruction and rendering stages by a large margin.

However, like NeRFs, Vanilla 3DGS does not allow easy edition of the recon-
structed scene. The Gaussians are unstructured, disconnected from each other,
and it is not clear how a designer can manipulate them, for example to animate
the scene. Very recently, SuGaR [11] showed how to extract a mesh from the
output of 3DGS. Then, by constraining Gaussians to stay on the mesh, it is
possible to edit the scene with traditional Computer Graphics tools for manipu-
lating meshes. But by flattening the Gaussians onto the mesh, SuGaR loses the
rendering quality possible with 3DGS for fuzzy materials and volumetric effects.

In this paper, we introduce Gaussian Frosting—or Frosting, for short—a hybrid
representation of 3D scenes that is editable as a mesh while providing a rendering
quality at least equal, sometimes superior to 3DGS. The key idea of Frosting is
to augment a mesh with a layer containing Gaussians. The thickness of the
Frosting layer adapts locally to the material of the scene: The layer should be
thin for flat surfaces to avoid undesirable volumetric effects, and thicker around
fuzzy materials for realistic rendering. As shown in Figure [T} using the Frosting
representation, we can not only retrieve a highly accurate editable mesh but also
render complex volumetric effects in real-time.

Frosting is reminiscent of the Adaptive Shells representation [41], which relies
on two explicit triangle meshes extracted from a Signed Distance Function to
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control volumetric effects. Still, Frosting allies a rendering quality superior to
the quality of Adaptive Shells to the speed efficiency of 3DGS for reconstruction
and rendering, while being easily editable as it depends on a single mesh.

While the Frosting representation is simple, it is challenging to define the local
thickness of its layer. To extract the mesh, we essentially rely on SuGaR, which
we improved with a technique (described in the supplementary material) to
automatically tune a critical hyperparameter. To estimate the Frosting thickness,
we introduce a method to define an inner and outer bound for the Frosting
layer at each vertex of this mesh based on the Gaussians initially retrieved by
3DGS around the mesh. Finally, we populate the Frosting layer with randomly
sampled Gaussians and optimize these Gaussians constrained to stay within the
layer. Our representation offers complete control over the number of Gaussians,
allowing users to efficiently distribute them throughout the layer for optimal
rendering. We also propose (a) a simple method to automatically adjust the
parameters of the Gaussians in real-time when animating the mesh, and (b)
a method to accelerate rendering and decrease optimization time by using the
mesh to perform occlusion culling on the Gaussians.

In summary, we propose a simple yet powerful surface representation that
captures complex volumetric effects, can be edited with traditional tools, and
can be rendered in real-time. We also propose a method to build this representa-
tion from images, based on recent developments on Gaussian Splatting. We will
release our code including a viewer usable in browser.

(@) Rendering (b) Thickness of the Frosting layer

Fig. 2: Visualization of the thickness of the Frosting layer on an example.
A thicker layer is shown with a brighter value. Our method automatically builds a
thick Frosting layer for fuzzy areas such as the fur of the red panda plush, and a thin
Frosting layer for flat surfaces such as the table or the floor. Adapting the thickness of
the Frosting layer allows for allocating more Gaussians in areas where more volumetric
rendering is necessary near the surface, resulting in an efficient distribution of Gaussians
in the scene. As we demonstrate in the paper, using an adaptive thickness results in
higher performance than using a predefined constant thickness, and reduces artifacts
when animating the mesh.
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(a) Scenes (b) Posing foreground meshes (c) Rendering composition

Fig. 3: Scene composition and animation. Using mesh editing tools in Blender, we
were able to combine and animate various elements from multiple scenes (a) to build
a whole new scene (c¢). We changed the pose of the characters by using the rigging
tool in Blender (b). Similarly to surface-based methods like SuGaR [11], Frosting can
be used for editing and compositing scenes, but allows for better rendering of complex
volumetric effects and fuzzy materials, such as hair or grass.

2 Related Work

The goal of image-based rendering (IBR) is to create a representation of a scene
from a given set of images in order to generate new images of the scene. Different
types of scene representations have been proposed, ranging from explicit and
editable ones like triangle meshes or point clouds, to implicit or non-editable
ones like voxel grids, multiplane images, or neural implicit functions.
Volumetric IBR methods. A recent breakthrough in IBR is Neural Radi-
ance Fields (NeRF) [23], which uses a multilayer perceptron (MLP) to model
a continuous volumetric function of density and color. NeRF can render novel
views with high quality and view-dependent effects, by using volumetric ray
tracing. However, NeRF is slow and memory hungry. Several works have tried
to improve NeRF’s efficiency and training speed by using discretized volumetric
representations like voxel grids and hash tables to store learnable features that
act as inputs for a much smaller MLP , or to improve rendering
performance by using hierarchical sampling strategies . Other works
have also proposed to modify NeRF’s representation of radiance and include an
explicit lighting model to increase the rendering quality for scenes with specular
materials [3}[20,[37,[39,/48]. However, most volumetric methods rely on implicit
representations that are not suited to editing compared to triangle meshes, for
which most standard graphics hardware and software are tailored.
Surface-based IBR methods. Triangle meshes have been a popular 3D rep-
resentation for generating novel views of scenes after Structure-from-
motion (SfM) [36] and multi-view stereo (MVS) [10] have enabled 3D reconstruc-
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tion of surfaces. Deep-learning-based mesh representations [31,32] have also been
used for improving view synthesis using explicit surface meshes; However, even
though mesh-based methods allow for very efficient rendering, they have trouble
capturing complex and very fine geometry as well as fuzzy materials.

Hybrid IBR methods. Some methods use a hybrid volumetric representation
to recover surface meshes that are suitable for downstream graphics applications
while efficiently modeling view-dependent appearance. Specifically, some works
optimize a Neural Radiance Field in which the density is replaced by an implicit
signed distance function (SDF), which provides a stronger regularization on the
underlying geometry [81/91/22,/25//40443|. However, most of these methods are not
aimed at real-time rendering. To mitigate this issue, other approaches greatly
accelerate rendering by “baking” the rendering computation into the extracted
mesh after optimization with a dedicated view-dependent appearance model |7
29,/44]. Even though these surface-based methods encode the surface using a
volumetric function represented by an MLP during optimization, they struggle
in capturing fine details or fuzzy materials compared to volumetric methods.

Adaptive Shells [41] is a recent method that achieves a significant improve-
ment in rendering quality by using a true hybrid surface-volumetric approach
that restricts the volumetric rendering of NeRFs to a thin layer around the
object. This layer is bounded by two explicit meshes, which are extracted af-
ter optimizing an SDF-based radiance field. The layer’s variable thickness also
improves the rendering quality compared to a single flat mesh. This method
combines the high-quality rendering of a full volumetric approach with the ed-
itability of a surface-based approach by manipulating the two meshes that define
the layer. However, Adaptive Shells depends on a neural SDF [40], which has
some limitations in its ability to reconstruct precise surfaces, and requires more
than 8 hours to optimize a single synthetic scene, which is much longer than
the recent Gaussian Splatting methods. Moreover, similar to CageNeRF [27],
Adaptive Shells relies on cage-based deformations to manipulate or animate the
scene. Unlike coarse cages, our meshes can have high resolution, allowing for
very precise and fine-grained sculpting or animation.

Gaussian Splatting. Gaussian Splatting |16] is a new volumetric representa-
tion inspired by point cloud-based radiance fields [19}/33] which is very fast to
optimize and allows for real-time rendering with very good quality. One of its
greatest strengths is its explicit 3D representation, which enables editing tasks as
each Gaussian exists individually and can be easily adjusted in real-time. Some
appearance editing and segmentation methods have been proposed [6l/14./17,/45],
but the lack of structure in the point cloud makes it almost impossible for a 3D
artist or an animator to easily modify, sculpt or animate the raw representation.
The triangle mesh remains the standard 3D structure for these applications. A
recent work, SuGaR |[11], extends this framework by aligning the Gaussians with
the surface and extracting a mesh from them. Gaussians are finally flattened and
pinned on the surface of the mesh, which provides a hybrid representation com-
bining the editability of a mesh with the high-quality rendering of Gaussian
Splatting. However, SuGaR remains a surface-based representation with limited
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capacity in reconstructing and rendering fuzzy materials and volumetric effects,
resulting in a decrease in performance compared to vanilla Gaussian Splatting.

3 3D Gaussian Splatting and Surface Reconstruction

Our method relies on the original 3D Gaussian Splatting (3DGS) method [16] for
initialization and on SuGaR [11] to align Gaussians with the surface of the scene
and facilitate the extraction of a mesh. We briefly describe 3DGS and SuGaR
in this section before describing our method in the next section.

3.1 3D Gaussian Splatting

3DGS represents the scene as a large set of Gaussians. Each Gaussian ¢ is
equipped with a mean ¢ 2 R® and a positive-definite covariance matrix g2
R®3 3. The covariance matrix is parameterized by a scaling vector Sg 2 R® and
a quaternion gg 2 R* encoding the rotation of the Gaussian.

In addition, each Gaussian has a view-dependent radiance represented by
an opacity ¢ 2 [0;1] and a set of spherical harmonics coordinates defining the
colors emitted for all directions. To render an image, a rasterizer “splats” the 3D
Gaussians into 2D Gaussians parallel to the image plane and blends the splats
depending on their opacity and depth. This rendering is extremely fast, which is
one of the advantages of 3DGS over volumetric rendering as in NeRFs [2}/23}[24].

Gaussian Splatting can be seen as an approximation of the traditional vol-
umetric rendering of radiance fields with the following density function d, com-
puted as the sum of the Gaussian values weighted by their alpha-blending coef-
ficients at any 3D point p 2 R3:

_X 1 T 1 .
d(p) = g&xp S o) (P ) (1)
g

We initialize our Gaussian Frosting method using a vanilla 3DGS optimiza-
tion: Gaussians are initialized using the point cloud produced by an StM [36]
algorithm like COLMAP [34L[35], required to compute camera poses. The Gaus-
sians’ parameters (3D means, scaling vectors, quaternions, opacities, and spher-
ical harmonics coordinates) are then optimized to make the renderings match
the ground truth images of the scene, using a rendering loss that only consists in
a combination of a pixel-wise L1 distance and a more structural D-SSIM term.

3.2 SuGaR Mesh Extraction

Vanilla 3DGS does not have regularization explicitly encouraging Gaussians to
align with the true surface of the scene. Our Gaussian Frosting representation
relies on a mesh that approximates this surface, in order to be editable by tradi-
tional tools. To obtain this mesh, we rely on the method proposed in SuGaR [11],
which we improve by automatically selecting a critical hyperparameter.
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Fig. 4. Creating a Layer of Gaussian Frosting. To build our proposed Frosting
representation, we start by optimizing a Gaussian Splatting representation using a
rendering loss without any additional constraint, to let Gaussians position themselves.
We refer to these Gaussians asunconstrained. We then regularize these Gaussians to
enforce their alignement with the surface, and extract a mesh that will serve as a basis
for the Frosting. Next, we use the misalignment of surface-aligned Gaussians to identify
areas where more volumetric rendering is needed, and we build search intervalsJ;
around the mesh's verticesv; . Finally, we use the density function of the unconstrained
Gaussians to re ne the intervals, resulting in a Frosting layer. We nally sample a novel,
densi ed set of Gaussians inside the layer.

SuGaR proposes a regularization term encouraging the alignment of the 3D
Gaussians with the true surface of the scene during the optimization of Gaus-
sian Splatting, as well as a mesh extraction method. After enforcing the regu-
larization, the optimization provides Gaussians that are mostly aligned with the
surface albeit not perfectly: We noticed that in practice, a large discrepancy be-
tween the regularized Gaussians and the extracted mesh indicates the presence
of fuzzy materials or surfaces that require volumetric rendering. We thus exploit
this discrepancy as a cue to evaluate where the Frosting should be thicker.

4 Creating a Frosting Layer from Images

In this section, we describe our Gaussian Frosting creation method: First, we
extract an editable surface with optimal resolution using SuGaR. We then detail
how we use this surface-based model to go back to a volumetric but editable rep-
resentation built around the mesh. This representation adapts to the complexity
of the scene and its need for more volumetric e ects. Finally, we describe how we
parameterize and re ne this representation. An overview is provided Figure 4.

4.1 Forward Process: From Volume to Surface

We start by optimizing an unconstrained Gaussian Splatting representation for
a short period of time to let Gaussians position themselves. We will refer to
such Gaussians asinconstrained. We save these Gaussians aside, and apply the
regularization term from SuGaR to enforce the alignment of the Gaussians with
the real surface. We will refer to these Gaussians aggularized

Once we obtain the regularized Gaussians, we extract a surface mesh from
the Gaussian Splatting representation. This surface mesh serves as a basis for
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