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ABSTRACT

3D Gaussian Splatting (3DGS) has shown promising results for Novel View Syn-
thesis. However, while it is quite effective when based on high-quality images,
its performance declines as image quality degrades, due to lack of resolution, mo-
tion blur, noise, compression artifacts, or other factors common in real-world data
collection. While some solutions have been proposed for specific types of degra-
dation, general techniques are still missing. To address the problem, we propose
a robust HQGS that significantly enhances the 3DGS under various degradation
scenarios. We first analyze that 3DGS lacks sufficient attention in some detailed
regions in low-quality scenes, leading to the absence of Gaussian primitives in
those areas and resulting in loss of detail in the rendered images. To address
this issue, we focus on leveraging edge structural information to provide addi-
tional guidance for 3DGS, enhancing its robustness. First, we introduce an edge-
semantic fusion guidance module that combines rich texture information from
high-frequency edge-aware maps with semantic information from images. The
fused features serve as prior guidance to capture detailed distribution across dif-
ferent regions, bringing more attention to areas with detailed edge information
and allowing for a higher concentration of Gaussian primitives to be assigned to
such areas. Additionally, we present a structural cosine similarity loss to comple-
ment pixel-level constraints, further improving the quality of the rendered images.
Extensive experiments demonstrate that our method offers better robustness and
achieves the best results across various degraded scenes. Source code and trained
models are publicly available at: https://github.com/1inxin0/HQGS.

1 INTRODUCTION

Novel view synthesis advanced significantly in recent years, with the introduction of Neural Radi-
ance Fields (NeRF) and 3D Gaussian Splatting (3DGS), benefiting applications such as augmented
reality (AR) and virtual reality (VR) (Bian et al., 2016; Dawood, 2009; Farshid et al., 2018; Fassi
et al., 2016). Nevertheless, existing methods assume high-quality images captured with precise
camera parameters. When faced with images of low resolution, with motion blur, compression
artifacts, noise, or other degradations common in real-world imaging, they often struggle. Some
NeRF (Bahat et al., 2022; Ma et al., 2022; Zhou et al., 2023b; Pearl et al., 2022; Wu et al., 2024) and
3DGS (Feng et al., 2024) variants attempt to address the problem by incorporating various strate-
gies or constraints, such as degradation kernels or super-sampling networks. However, these models
are tailored for specific types of degradation and show poor generalization across degradation type
and strength, even collapsing for severely degraded imagery. This is illustrated in Figure 1, where
NeRFLix and SRGS, two methods designed to address blur and low-resolution scenes, respectively,
fail to handle each other’s scenarios effectively. When considered over the range of degradation
conditions considered in the figure, their performance is not superior to those of the original NeRF
and 3DGS models.
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Figure 1: Results of existing methods (Mildenhall et al., 2021; Kerbl et al., 2023; Zhou et al., 2023b; Feng
et al., 2024) and our HQGS on five degradation scenes. HQGS performs well against others in these different
degradation types.

To improve performance of 3DGS under a range of challenging conditions, we first consider the
commonalities among the various types of image degradation of Figure 2 on the stages of 3D recon-
struction and rendering. For reconstruction, our preliminary experiments (Figure 2(a)) show that,
under degraded conditions, the distribution of recovered Gaussian primitives becomes too sparse to
allow the capture of fine scene details, especially for small objects. To address this, we propose
an Edge-Semantic Fusion Guidance (ESFG) module that explicitly encourages the reconstruction
to direct attention to these details. ESFG is implemented by complementing the stream of scene
views with a stream of views that capture the high-frequency image details, computed with an edge
detection operator. A pair of semantic-aware and edge-aware feature representations are then ex-
tracted from these streams and fused by cross-attention. These features are finally used to refine the
parameters of the Gaussian primitives extracted by 3DGS.

For rendering, our preliminary experiments (Figure 2(b)) confirm the findings of (Dong et al., 2023;
Lin et al., 2023b), showing that the low-frequency information derived from the global scene struc-
ture is essential for high quality rendering. We thus introduce a global Structural Cosine Similarity
(SCS) loss to encourage consistency of global (low-frequency) structure between rendered and tar-
get images. The ESFG module and SCS loss are finally combined with the 3DGS model to produce
a High-Quality Gaussian Splatting (HQGS) rendering model.

Extensive experimental results, under various types of degradation (low resolution, JPEG compres-
sion, noise, blur, and mixed degradation), demonstrate the benefits of both the ESFG module and
the SCS loss, as well the superiority of HQGS over previous NeRF and 3DGS approaches, for novel
view synthesis from degraded imagery. Notably, HQGS performs robustly on more highly degraded
images. Overall, this work makes the following contributions:

* We formulate the problem of improving the robustness of novel view image rendering under
various types of degradation, including low resolution, noise, blur, JPEG compression, and
their combinations.

* We hypothesize that solutions to this problem can benefit from explicitly reasoning in terms
of the frequency content of input views, namely by encouraging the rendering model to pay
attention to high frequency details during reconstruction and consistency of global (low-
frequency) information during rendering.

* We introduce a new framework, HQGS, for the solution of this problem that maps this
hypothesis into a pair of mechanisms: the ESFG module, which combines and edge con-
tour prior and semantic information to modulate the sensitivity of the model to finegrained
scene details, and the SCS loss, which encourages consistency of global structures between
rendered and target images.

* We present evidence from comprehensive experiments confirming the validity of the hy-
pothesis and showing that HQGS has significantly better robustness to image degradation
than existing approaches.
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