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Abstract

Implicit Neural Representations (INRs) approxi-
mate discrete data through continuous functions
and are commonly used for encoding 2D images.
Traditional image-based INRs employ neural net-
works to map pixel coordinates to RGB values,
capturing shapes, colors, and textures within the
network’s weights. Recently, Gaussianlmage has
been proposed as an alternative, using Gaussian
functions instead of neural networks to achieve
comparable quality and compression. Such a so-
lution obtains a quality and compression ratio
similar to classical INR models but does not allow
image modification. In contrast, our work intro-
duces a novel method, MiraGe, which uses mirror
reflections to perceive 2D images in 3D space
and employs flat-controlled Gaussians for precise
2D image editing. Our approach improves the
rendering quality and allows realistic image mod-
ifications, including human-inspired perception
of photos in the 3D world. Thanks to modeling
images in 3D space, we obtain the illusion of
3D-based modification in 2D images. We also
show that our Gaussian representation can be eas-
ily combined with a physics engine to produce
physics-based modification of 2D images. Conse-
quently, MiraGe allows for better quality than the
standard approach and natural modification of 2D
images.

1. Introduction

Recent research has increasingly emphasized human per-
ception and the understanding of the world through this lens
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Figure 1. MiraGe encodes 2D images with parameterized Gaus-
sians, enabling high-quality reconstruction and real-life-like modi-
fications. The selected parts of the image can be transformed in
3D space, creating a 3D effect with a physics engine controlling
movement and interactions.

(Lu, 2019; Davoodi et al., 2023). In line with this trend, we
introduce a model that encodes 2D images by simulating
human interpretation. Specifically, our model perceives a
2D image as a human would view a photograph or a sheet
of paper, treating it as a flat object within a 3D space. This
approach allows for intuitive and flexible image editing,
capturing the nuances of human perception while enabling
complex transformations (Fig. 1).

Gaussian Splatting (3DGS) framework models the structure
of a 3D scene using Gaussian components (Kerbl et al.,
2023). In the 2D domain, Gaussianlmage (Zhang et al.,
2024) has shown promising results in image reconstruc-
tion by efficiently encoding images in the 2D space, with a
strong focus on model efficiency and reduced training time.
Unfortunately, Gaussianlmage does not support user-driven
adjustments of scene objects, which is a key feature of
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Figure 2. MiraGe employs 3D flat parameterized Gaussians in 3D space to encode 2D images, representing each flat Gaussian as three
points, forming a cloud of triangles called a triangle soup. This representation enables real-time manipulation of the 3D triangle/point

clouds, allowing for flexible, real-world modifications. The model
in dynamic environments.

3DGS. While GaussianImage has explored image represen-
tation using 2D Gaussians primarily for data compression,
our research highlights an additional benefit, i.e., the use
of parameterized flat 3D Gaussians for editing 2D images.
In our work, we address this by introducing the MiraGe',
model, which encodes 2D images through the lens of human
perception, bridging the gap between 2D image representa-
tion and 3D spatial understanding (Fig. 2).

Building on the foundational idea that humans intuitively
can perform transformations on photographs—primarily
through affine transformations and bending them beyond the
2D plane—we introduce a novel approach using flat Gaus-
sians with GaMeS parametrization (Waczynska et al., 2024).
This capability enables our model to support image editing
in both 2D and 3D spaces. Notably, our framework sim-
plifies often difficult perspective adjustments by allowing
intuitive modifications directly within the third dimension
(Fig. 3).

In addition to classical edits, our model has the unique capa-
bility of interfacing with physics engines, enabling applica-
tions that enhance the realism and immersiveness of anima-
tions (Jiang et al., 2024). MiraGe treats the physics engine
as a black box and offers three distinct methods for control-
ling Gaussians, i.e., 2D, Amorphous and Graphite. For 2D
representation (2D-MiraGe) we used Taichi_elements2, for
3D representation (Amorphous-MiraGe, Graphite-MiraGe)

'https://waczjoan.github. io/MiraGe/
2https://github.com/taichi-dev/taichi_
elements

seamlessly integrates with a physics engine, enhancing its applicability
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Figure 3. Parameterized flat 3D Gaussians provide a powerful rep-
resentation of 2D images, enabling flexible editing in 3D space.
Triangle Soup can be animated using tools like Blender. The col-
ored lines depict the motion paths of 10 randomly selected points
during the simulation.

we use Blender®. This flexibility makes our model highly
applicable to various fields, such as computer graphics for
populating spatial interfaces, where realistic, physics-factual
2D animations can be incorporated (Tadeja et al., 2023).

Embedding 2D images in 3D space allows for seamless in-
tegration of 2D and 3D objects, enabling the creation of dy-
namic backgrounds or interactive elements within animated
scenes. This versatility extends to applications such as vir-
tual reality, where 2D images can function as backdrops
(Yin et al., 2024). This capability opens up new avenues
for creative composition, offering a powerful toolset for

*https://www.blender.org version 3.6
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Figure 4. Two images were encoded using the MiraGe model on
distinct planes within a 3D space. This setup allows for seamless
integration of the encoded images, resulting in a collage-like com-
position. Moreover, the model facilitates editing capabilities, as
illustrated here, with modifications to the background image (the
rear plane).

users. The novelty of this work lies in its ability to enable
easy, intuitive 3D transformations and integrations within a
traditionally 2D framework, expanding the possibilities for
both image editing and animation (Fig. 4).

Since high-quality image reconstruction is critical in anima-
tion, we compared MiraGe with other models, in particular
with Gaussianlmage (Fig. 5), showing our state-of-the-art
performance in the image reconstruction task.

It is worth highlighting that flat 3D Gaussians can be utilized
for 2D images in four distinct scenarios, with modifications
that emphasize how controlling the Gaussians during train-
ing affects the perspective of viewing each image (Fig. 6).
The following constitutes a list of our key contributions:

* We introduce the MiraGe model, which represents 2D
images using flat 3D Gaussian components, achieving
state-of-the-art reconstruction quality.

* MiraGe enables the manipulation of 2D images within
3D space, creating the illusion of 3D effects.

* We integrate MiraGe with a physics engine, enabling
physics-based modifications and interactions for both
2D and 3D environments.

2. Related Works

Our work builds on several key research areas, including
image reconstruction techniques, Gaussian-based represen-
tations and Gaussian animation frameworks.

One rapidly growing area in image reconstruction is Im-
plicit Neural Representations (INRs), which have attracted
significant attention for their ability to model continuous
signals, such as images, through neural networks (Klocek
et al., 2019). INRs encode spatial coordinates and map
them to corresponding values, such as RGB color, allowing

Ground truth
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Figure 5. Visual comparison of two Gaussian-based methods for
2D image reconstruction. From left to right, the columns display
the ground truth image, the GaussianImage reconstruction, and the
MiraGe reconstruction. The bottom row illustrates the differences
between the ground truth image and the results of each method.

for highly compact and efficient representations (Xie et al.,
2022). This has led to the development of several special-
ized models for image INR, such as SIREN (Sitzmann et al.,
2020a), Fourier feature mapping (Tancik et al., 2020), and
WIRE (Saragadam et al., 2023a). The growing field of re-
search resulted in further improvements of already existing
solutions, e.g. in (Liu et al., 2024b), certain limitations of
SIREN, namely the arising capacity-convergence gap, were
successfully alleviated with the idea of variable-periodic
activation functions. Yet another worth noting work from
this area is (Miiller et al., 2022) with INR solution designed
to effectively perform on modern computer architecture uti-
lizing a simple data structure concept of hashmap to offer
speed-oriented image representation with high fidelity of
the outcomes.

Alternative approaches to INRs were presented in Gaus-
sianlmage (Zhang et al., 2024). Instead of neural networks,
the authors propose to approximate 2D images using 2D
Gaussian components. In practice, GaussianImage is a 2D
version of 3DGS (Kerbl et al., 2023) that uses 2D Gaussians
instead of their 3D version and a simplified rendering proce-
dure. Thanks to such a modification, the GaussianImage is
invariant to the order of Gaussian components. Therefore,
such a model is numerically efficient.

Gaussianlmage represents each pixel color as a weighted
sum of 2D Gaussians. The training procedure is similar to
3DGS without pruning. The authors show that such repre-
sentation gives a similar reconstruction quality to classical
INR models and is able to obtain a high compression ratio
and fast rendering.

The interactive image editing of 2D images has been widely
explored in computer graphics. Here, some methods lever-
age the current advancements in generative models. For
instance, (Pan et al., 2023) introduce DragGAN, enabling
point-based manipulation of images by performing them on
the underlying manifold of GAN, achieving realistic edits.
Similarly, (Shi et al., 2023) propose DragDiffusion, which






