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Regularizing 3D Gaussian Splatting for Sparse
Input

Quanhong Liu, and Vanessa Yu

Abstract—Radiance field techniques have gained popularity for novel view synthesis. Among these, 3D Gaussian Splatting (3DGS)
stands out for its quality and speed. However, 3DGS encounters difficulties when handling sparse input data, resulting in overfitting and
unwanted artifacts in the generated images. To address this limitation, we explore the integration of geometry regularization techniques
inspired by RegNeRF. Our approach involves randomly sampling unobserved viewpoints based on input camera positions and
rotations, followed by rendering depth images and calculating a depth smoothness loss. This new loss metric is then combined with the
standard loss used in 3DGS to create a comprehensive loss function. Despite the effectiveness of our regularization approach in
scenes with gradual depth variations and bounded structures, challenges remain. Specifically, our method may struggle to handle rapid
depth changes within localized regions and distant background objects. In conclusion, our project demonstrates promising
regularization techniques for 3DGS but also highlights areas where further refinement is needed, particularly when dealing with scenes
featuring abrupt depth variations and distant background elements.

Index Terms—3D Reconstruction, Novel View Synthesis, Radiance Fields
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1 INTRODUCTION

M ETHODS associated with radiance fields have become
increasingly popular for the purpose of synthesizing

novel views. The objective is to produce images of a scene or
object from perspectives that were not included in the initial
set of views used for model training.

Recently, 3D Gaussian Splatting (3DGS) [1] has emerged
as a notable technique, drawing considerable interest in
various fields. This method excels in providing high-quality
results, fast reconstruction speeds, and the capability for
real-time rendering. It conceptualizes a 3D environment by
deploying many 3d Gaussians, and uses a rasterizer for
rendering. While 3DGS stands out as an effective method for
creating novel views in a scene, it struggles with handling
sparse input data. In situations where it is provided with
a limited number of input views, 3DGS tends to overfit
to these specific images. This overfitting leads to a failure
in accurately capturing the broader, global structure of the
scene. Consequently, this might result in the appearance of
floating artifacts in the scene, detracting from the overall
quality and realism.

One approach to avoid overfitting is by regularization.
However, the difference in the model structure and render-
ing method makes the existing regularization techniques
for NeRF not easily applicable to 3DGS. To address this
problem, we want to investigate a way to incorperate reg-
ularization technique to 3DGS for handling spare inputs.
Drawing inspiration from RegNeRF, we first randomly sam-
ple unobserved viewpoint cameras based on input cameras’
positions and rotations for each iteration. Next, similar to
how a pixel’s color is rendered in 3DGS, we render a depth
image. This involves determining the expected depth for
each pixel as seen by the unobserved viewpoint camera.
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With the depth image in hand, we proceed to calculate
a depth smoothness loss. This new loss metric is then
combined with the standard loss used in 3DGS and form
our final loss.

We have also discovered that certain optimization tech-
niques employed in 3DGS negatively affect the model’s
performance when dealing with sparse input.
To summarize, our main contributions are the following:

• We modified the optimization process in 3DGS for
better handling sparse inputs.

• We proposed a novel Gaussian depth calculation
method for 3DGS.

• A geometry regularizer for depth maps rendered
from unobserved viewpoints, which improves
scene geometry and avoid overfitting.

2 RELATED WORK

2.1 Radiance Fields
Neural radiance field (NeRF) [2] is an emerging technique
for synthesizing realistic 3D scenes using a large Multi-
Layer Perceptron (MLP) model. The model optimizes a con-
tinuous 5D neural radiance field representation of a scene
from a set of input images. Despite its success, this method
has several limitations. The original NeRF suffers from its
large computational expense. InstantNGP [3] tackles this
issue by adopting a multi-scale grid to replace positional
encoding. In Mip-NeRF [4], the traditional method of point-
based ray tracing is substituted with cone tracing to address
issues of sampling and aliasing. To further extend on that,
Mip-NeRF360 [5] addresses the problem of scalability and
unbounded scenes in the original NeRF.

3DGS tackles challenges related to speed (for both train-
ing and rendering), scalability, and handling unbounded
scenes. Unlike the NeRF related techniques [2], [3], [4], [5]




