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Abstract

Recently, Gaussian Splatting, a method that represents a 3D scene as a collection
of Gaussian distributions, has gained significant attention in addressing the task
of novel view synthesis. In this paper, we highlight a fundamental limitation of
Gaussian Splatting: its inability to accurately render discontinuities and boundaries
in images due to the continuous nature of Gaussian distributions. To address
this issue, we propose a novel framework enabling Gaussian Splatting to perform
discontinuity-aware image rendering. Additionally, we introduce a Bézier-boundary
gradient approximation strategy within our framework to keep the “differentiability”
of the proposed discontinuity-aware rendering process. Extensive experiments
demonstrate the efficacy of our framework.

1 Introduction

Novel view synthesis aims to generate images accurately from novel viewpoints in a captured 3D
scene. Its significance spans across diverse applications, such as autonomous driving [43], virtual
reality [14], and 3D content generation [42]. Recently, for better tackling novel view synthesis,
Neural Radiance Field (NeRF) [36] and a variety of NeRF-based methods [3} 4] have been proposed,
which represent 3D scenes in an implicit manner as neural radiance fields. However, their general
reliance on a heavy volume rendering mechanism often results in slow rendering speeds [30, [13]],
limiting their practicality across real-world applications. While some methods [[18, [19]] have proposed
to accelerate the rendering process of NeRF from different perspectives, they often achieve this at
the expense of noticeably compromising the quality of the generated images [49], which is evidently
undesirable.

More recently, Gaussian Splatting [30], which explicitly represents the 3D scene as a collection
of Gaussian distributions, has been proposed as an appealing alternative to NeRF. Specifically,
rather than generating novel-view images through the time-consuming process of volume rendering,
Gaussian Splatting enables images from novel viewpoints to be generated by simply splatting
(projecting) [53| 154]] these Gaussian distributions onto the image plane. By doing so, Gaussian
Splatting achieves real-time rendering of novel-view images, while maintaining its rendered images
to be of competitively high visual quality compared to NeRF-rendered ones. Due to its compelling
capability, Gaussian Splatting has received lots of research attention [26, |13} 142} 149, [12} 21} [25]].
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Figure 1: (a) Illustration of a ground truth image, containing numerous discontinuities and boundaries,
that is expected to be rendered from a certain viewpoint of a 3D scene. We generate the boundary
map in (a) utilizing the Canny algorithm [9]. (b) Illustration of Gaussian distributions projected onto
the image plane. As shown, since Gaussian distributions are continuous, they can inevitably “pass
over” the (hard) boundary represented by the curve. (c) Illustration of images rendered with and
without applying DisC-GS. As shown, without DisC-GS, Gaussian Splatting can fail to accurately
render boundaries. In contrast, applying DisC-GS ensures that boundaries and discontinuities in the
image are properly rendered. More qualitative results are in Appendix[B] (Best viewed in color.)

However, in this paper, we argue that Gaussian Splatting may still be sub-optimal in accurately
synthesizing novel views, due to its inherent weakness in representing (rendering) discontinuities and
boundaries with its collection of continuous Gaussian distributions. Specifically, due to the general
complexity of 3D scenes, the expected image to be rendered often contains numerous discontinuities
and boundaries (as shown in Fig. [[(a)). However, Gaussian Splatting represents each of its generated
images using only continuous Gaussians projected onto the image plane. Considering this, as
illustrated in Fig. [T[b), the inherent continuity of Gaussian distributions can result in some parts of the
distribution inevitably “passing over”’(“spilling over”) the boundaries of sharp features in the image.
This can lead to Gaussian Splatting rendering the sharp boundaries in the image with blurriness (as
shown in Fig. [I[c)), which can significantly reduce the quality of the rendered image.

Based on the above argument, in this paper, we aim to enable Gaussian Splatting to bypass its
original intrinsic weakness, and render discontinuities and boundaries properly. However, this can
be non-trivial owing to the following challenges: (1) Since 3D scenes generally can be complex,
as illustrated in Fig.[T(a), various different kinds of boundaries with diverse shapes can all exist in
the image rendered from a certain 3D scene. Thus, it can be difficult to represent and render these
diverse boundaries properly and seamlessly in a Gaussian-Splatting-based framework. (2) Meanwhile,
recall that continuity serves as the prerequisite for a function to be differentiable. Thus, during
the process of learning the 3D scene representation using Gaussian Splatting, how to maintain the
“differentiability” of the process in existence of discontinuities, i.e., enabling the loss calculated over
the rendered images that contain “discontinuous” (sharp) boundaries to properly guide the learning
of the 3D scene representation, is also challenging. To handle the above challenges, in this work, we
propose DisContinuity-aware Gaussian Splatting (DisC-GS), a novel framework that can for the
first time, enable Gaussian Splatting to represent and render discontinuities properly in its image
rendering process, which handles a key limitation of the original Gaussian Splatting technique. We
illustrate the rendering process of our framework in Fig. 2] and outline our framework as follows.

Overall, to enable Gaussian Splatting to properly render discontinuities and boundaries, our framework
introduces a “pre-scissoring” step. Specifically, for each Gaussian distribution representing the 3D
scene, rather than directly rendering its entire 2D projection on the image plane, we first segment
(“pre-scissor”) the projected Gaussian distribution along the specified boundaries. However, achieving
this requires representing boundaries with various shapes accurately. Here, we get inspiration from
that, the cubic Bézier curve, conveniently represented by a group of four control points, has shown
capable of efficiently parameterizing curves of various shapes with low computational complexity
[L6l [34)]. Considering this, in our framework, we aim to use the cubic Bézier curves to represent
boundaries. Specifically, we first introduce each Gaussian distribution representing the 3D scene with
an additional attribute, which when projected onto the image plane, can serve as the control points of



the cubic Bézier curves. After that, given a viewpoint, based on the control points projected onto the
image plane corresponding to the viewpoint, we use the cubic Bézier curves formulated from these
control points to represent the desired boundaries w.r.t. each projected Gaussian distribution. Finally,
leveraging the derived boundaries, we can achieve discontinuity-aware image rendering through a
modied -blending function (as discussed in 4.1).

Through the above process, we can render discontinuities and boundaries successfully (in the forward
direction). However, the above process alone cannot be seamlessly integrated into the Gaussian
Splatting pipeline. This is because, owing to the incorporation of the boundary information, the
modi ed -blending function now is no longer continuous everywhere. This can cause Gaussian
Splatting, naively integrated with the above process, to become non-differentiable, and thus results
in dif culties during the learning process of the 3D scene representation. To tackle this problem, in
our framework, we further introduce a Bézier-boundary gradient approximation strategy, by which
during backpropagation, we can enable gradients to properly pass through the modtiledding
function, and thus keep our framework to be still “differentiable”. With the above designs properly
involved, our DisC-GS framework can nally enable Gaussian Splatting to render discontinuities and
boundaries properly, seamlessly addressing its original key intrinsic limitation.

The contributions of our work are summarized as follows. 1) We proposed DisC-GS, an innovative
framework for the novel view synthesis task. To the best of our knowledge, this is the rst effort
that enables Gaussian Splatting to represent and render boundaries and discontinuities properly in
its image rendering pipeline, which tackles a key intrinsic limitation of Gaussian Splatting. 2) We
introduce several designs in our framework to enable it to render images in a discontinuity-aware
manner, while also to keep its “differentiability” in the presence of discontinuities. 3) DisC-GS
achieves superior performance on the evaluated benchmarks.

2 Related Work

Novel View Synthesis Owing to the wide range of applications, the task of novel view synthesis has
received lots of research attenti@8[/40, [39,143, 124,136, 3,4, 15, 144,150, [7,[11,[18, (19,137,130, 126, 13,

49,120, 46, 22, 35, 33, 32,48, 52, 17]. In the early days, with the emergence of CNN, different works
have been proposed to leverage CNN in this task from different perspectives. Among them, Hedman
et al. [23] proposed to use CNN to predict blending weights, and Sitzmann etGlpfoposed to

seek help from CNN in performing volumetric ray-marching. As time passed, NeRF tends to become
a popular way in representing 3D scenes. Speci cally, the original version of NeRF is rst proposed
by Mildenhall et al. in B6] and after it comes out, a variety of different NeRF-based methods have
been further proposed, such as Mip-NeRFE NeRF++ B0], and Point-NeRF44]. Despite the
increased efforts, a weakness of NeRF-based methods can be that, to render novel-view images in
high visual quality, they often still require a slow rendering proc88s13]. This can negatively

affect the usage of these methods in many real-world scenarios.

Considering this, more recently, the Gaussian Splatting technique, which can render novel-view
images in good quality while at the same time in real-time speed, as an attractive alternative to NeRF,
has gained plenty of research attention. Speci cally, Kerbl et3] proposed to represent a 3D scene

as a collection of 3D Gaussian distributions and made the rst attempt to perform novel view synthesis
using the Gaussian Splatting technique. After that, Huang e26jIppinted out that representing

the 3D scene utilizing 3D Gaussian distributions can lead to a viewpoint inconsistency problem. To
tackle this problem, they proposed to represent the 3D scene with 2D Gaussian distributions instead.
Moreover, Cheng et al1B] proposed to seek help from the classical patch matching technique to
better guide the densi cation of Gaussian distributions, and Zhang et al. [49] formulated a new loss
function in the frequency space to better regularize the learning process of Gaussian Splatting.

Different from these existing Gaussian-Splatting-based methods that typically render complete
Gaussian distributions during the image rendering process, we here argue that a key limitation of
the original Gaussian Splatting technique lies in that, directly rendering the complete Gaussian
distributions can lead boundaries and discontinuities in the image to be inaccurately rendered.
Considering this, in this work, we propose to enable Gaussian distributions to be “pre-scissored”
along desired boundaries before rendered. This for the rst time, enables Gaussian Splatting to
represent and render discontinuities and boundaries properly.



Curve Representation.The idea of representing a curve in a parametric way has been studied in
various tasks34, 27, 38, 16, 28, 8], such as lane detectioa], trajectory prediction27], and text
spotting B4]. Here in this work, we design a novel framework, which enables Gaussian Splatting to
perform discontinuity-aware novel-view image rendering, via utilizing the cubic Bézier curves to
parametrically contour the boundaries in the image plane.

3 Preliminary

Gaussian Splatting. Gaussian Splatting represents the 3D scene explicitly as a collection of
anisotropic Gaussian distributions. In speci c, in the collection, each Gaussian is de ned with
the following attributes: (1) its center2 R®, (2) its covariance matrix 2 R® 2, (3) its spherical

harmonic (SH) coef cientggy 2 R3 K+ ’ representing its color from different viewpoints (where

k denotes the order of SH), and (4) its opacit® R!. Regarding the covariance matrix it is
important to ensure remains positive semi-de nite during the learning process of the 3D scene
representation. To achieve this,js expressed as= RSSTRT, whereR 2 R3 3 is the orthogonal
rotation matrix of the Gaussian, agd2 R® 2 denotes the diagonal scale matrix of the Gaussian.

With the 3D scene represented as the collection of Gaussians de ned in the above way, to render an
image given a target viewpoint, inspired B8], each Gaussian in the collection is rst projected
onto the image plane corresponding to the viewpoint as:

P =pw; P=Jw wiiT 1)

where 2P and 2P respectively represent the center and the covariance matrix of the projected
Gaussian distribution)V represents the viewing transformation matRxrepresents the projective
transformation matrix, and represents the Jacobian of the af ne approximation of the projective
transformation. After that, to perform image rendering on the image plane, for eacip pikésie
image, its colorC(p) is derived through an-blending function as:

X y1

CP= & (1 j)where ;= je :® PCE) e Y 2)

i=1 j=1
whereN represents the number of projected Gaussians that ovgrtapepresents the color of
thei-th Gaussian calculated from its corresponding SH coef cientgepresents the opacity of
thei-th Gaussian, 2P represents the center of th¢h projected Gaussian, ang® represents the
covariance matrix of theth projected Gaussian. Note that, no matter whether Gaussian Splatting
represents the 3D scene using 3D or 2D Gaussian distributions, the above equations can describe its
rendering process consistently. In fact, as also mentionezb]nthe difference between rendering
images from 3D or 2D Gaussians can be reduced to that, when the scene is represented through 2D
Gaussians, the scale matBxof each of the 2D Gaussians should contain a zero column vector. In
this work, we apply our framework to both 2D and 3D Gaussian Splattings, achieving performance
improvements as shown in Tab. 2. Yet, as pointed ou26}; using 3D Gaussians instead of 2D
Gaussians to represent the scene can result in a viewpoint inconsistency problem. Thus, in Sec. 4, we
rst focus on explaining how our framework is applied to 2D Gaussian Splatting, in which we x
the last column of the scale mati$kof all the Gaussians to be a zero vector. We then discuss the
application of our framework on 3D Gaussian Splatting in Sec. 4.3.

Cubic Bézier curve. A cubic Bézier curve is a parametric curve that can be formulated by leveraging
a list of four ordered control poinfs o;! 1;! 2;! 3] as:

B(t)=(1 t)%o+3( )% 1+3(1 t)t?,+ 31 (3)
In the above equation, we can $& [0; 1] for B(t) to represent a segment of the curve that starts
from! o and ends alt 3. Alternatively, we can sdt2 R to represent the entire curve. In this work,
we sett 2 R for B(t), as any segment of the curve may not be enough to represent the desired
boundaries in the whole image plane. Note that when the four control points lie on the same straight
line, the Bézier curve formulated by them would also be reduced to that straight line. Thus, besides
representing smooth boundaries, the cubic Bézier curves, at their cross-interacting points, can also be
used to represent the sharp corners (of human-made items) in the rendered image.
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