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1. Revisor

PhysGaussian is a method that aims to integrate a physics-
based dynamic model within a Gaussian Splatting represen-
tation, following the paradigm ”what you see is what you
simulate (WS²)”. With this intention, the paper combines
the 3D Gaussian Splatting reconstruction along with Gaus-
sians evolution and Continuum Mechanics principles. This
latter is embedding with a mechanical method called Mate-
rial Point Method (MPM).

1.1. Overview

The method begins creating a 3D Gaussian Splatting recon-
struction with the 3DGS framework [4], receiving as in-
put images and camera information. At this stage, Phys-
Gaussian introduces an anisotropic loss term, intending
to avoid over-skinny Gaussians kernels. With the recon-
structed scene the method treats the Gaussian Ellipsoids as
a Continuum and embedding physical characteristics (mass,
velocity, etc.) and material properties (elasticity modulus,
poisson’s ratio, constitutive model, etc.) in each Gaussian
kernel. To turn the Gaussians time dependents the Gaus-
sians are treated as particles and their original kernels are
deformed according with a deformation gradient tensor (F),
as shown in the Equation 1.

Gp(x, t) = e−
1
2 (x−xp)

T (FpApF
T
p )−1(x−xp) (1)

where Gp(x, t) is the Gaussian deformed kernel in a in-
stant t, xp and Ap are, respectively, the center and the co-
variance matrix, both time-dependent, and Fp is the particle
deformation gradient tensor.

Beyond transform Gaussian in particles, some other
treatments are applied to produce a physical appearance,
as rotate the orientations of spherical harmonics when the
world-space is rotated and internal filling the Gaussians.
After all these considerations, the motion scene is gener-
ated. The Figure 1 summarize this with an overview of the
method.

Figure 1. PhysGaussian method overview.

1.2. Strengths

• Physical Method choice: the choice of MPM possibilities
the use of the 3DGS framework integrated to the physics
behavior, in a natural form;

• Concerns about choosing the adequate constitutive model
according to the material;

• Despite to propose a new and innovative approach, the
paper uses two consolidated methods in their fields (MPM
and 3DGS);

• The method captures volumetric behaviors.

1.3. Weaknesses

• Some demos present unrealistic material behavior, with
problems related to the form as the movement affects the
structure components;
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• The contact between materials must be better evaluated,
considering the influence of one region in another;

• Blur in fractured regions.

1.4. Evaluation

The rating attributed to the paper is 5, the work is con-
cise, clear and achieve what is proposed, also the method
is innovative and efficient. Moreover, the authors were con-
cerned in represent real material in the more realistic form,
inputting adopted constitutive models and properties in dif-
ferent scenarios and materials.

2. Archaeologist

2.1. Previous works

PhysGaussian [8] has the purpose of modeling dynamic
scenes from real images of a given static scene. In order
to do so, it combines methods from 3DGS [4], which mod-
els a scene through 3D gaussians, whose color, position
and scales are optimized through gradient descent, along
with the Material-Point-Method [6], a continuum mechan-
ics technique for physical simulation, which has also seen
success in animation [5]. Figs. 2 and 3 show the timeline of
developments in these two areas, leading to PhysGaussian.

Figure 2. Timeline of Gaussian Splatting-related papers that con-
tribute to the development of PhysGaussian

Figure 3. Timeline of works in the Material Point Method that are
relevant to PhysGaussian

FLIP: A Method for Adaptively Zoned, Particle-in-
Cell Calculations of Fluid Flows in Two Dimensions[1].
This methodology, introduced in 1986, models a fluid as

a set of Lagrangian particles, each with a respective po-
sition, velocity, mass and energy. At each timestep, be-
fore any calculations can be done, the particle properties
are projected onto a quadrilateral grid. Then, the motion
equations are solved numerically on the grid, and subse-
quently re-projected back to the particle cloud. This simu-
lation methodology was originally designed for numerically
solving fluid dynamics problems.

MPM: Application of a particle-in-cell method to
solid mechanics[6]. This paper (1995) extends FLIP to
the simulation of solid materials. The particle discretiza-
tion allows for natural modeling of discontinuities, such as
fractures or interfaces, as well as large deformations and
history-dependent material behavior. These physical sce-
narios are of interest to engineering problems, but are diffi-
cult to solve using the Finite Element Method for continuum
mechanics.

A material point method for snow simulation[5]. The
first application of the Material Point Method to computer
graphics1. It was developed during the making of Disney’s
Frozen, and seeks to animate snow in a realistic way that’s
coherent with solid mechanics. MPM is used to model the
motion of snow as an elasto-plastic flow, using a constitutive
equation for snow derived from engineering models, and
calibrated for visually interesting and realistic/verisimilar
scenes. Some modifications are also made to allow for bet-
ter animator control over snow’s visual behavior.

DreamGaussian: Generative Gaussian Splatting for
Efficient 3D Content Creation[7]. The only Gaussian
Splatting paper, other than [4], used by PhysGaussian. It
employs generative models to create a set of views from a
single image or a text prompt, and subsequently optimizes
a set of 3D gaussians for these views. Finally, a mesh is ex-
tracted through Marching Cubes and a local density query:

d(x) =
∑
i

αie
− 1

2 (x−xi)
TΣ−1

i (x−xi) (2)

This density query is the only part of DreamGaussian that’s
incorporated into PhysGaussian.

2.2. Current works

VR-GS: A physical dynamics-aware interactive gaus-
sian splatting system in virtual reality[3]. VR-GS seeks
to allow real-time interactive scenes with physics-based de-
formation of solids, for virtual reality applications. Unlike

1Some of this paper’s authors also went on to minister a course on
MPM for animation during SIGGRAPH 2016[2], spreading the method
among the computer graphics community.
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Figure 4. Overview of the pipeline for VR-GS. Source: [3]

PhysGaussian, VR-GS embeds each Gaussian into a tetra-
hedral mesh, and then simulates the deformation through
XPBD, a preexisting physics simulator. An overview of the
method is shown in fig. 4. VR-GS uses PhysGaussian as
a benchmark, and seeks to achieve similar visual results at
a lower computational cost. The authors claim a success in
doing so, however no quantitative experiment was shown
making this comparison.

3. Hacker: Summary of the PhysGaussian
Pipeline and Simulations

The PhysGaussian pipeline is a comprehensive framework
designed to integrate Gaussian Splatting and the Material
Point Method (MPM) for creating high-fidelity physical
and visual simulations. This pipeline supports simulations
across a wide range of applications, enabling the study of
complex material behaviors and dynamic interactions. Its
stages ensure the precise execution of both physical and
graphical computations, structured as follows:

1. Configuration Loading: At this stage, the system im-
ports detailed scene configurations and model parame-
ters. These configurations include boundary definitions,
initial conditions, and material properties required to de-
fine the simulation environment accurately.

2. Solver Initialization: The MPM solver is configured to
handle advanced physical computations, such as particle
motion, material deformation, and collision responses.
This solver ensures that simulations are physically accu-
rate and computationally efficient.

3. Boundary Conditions Definition: Environmental con-
straints are applied to define interactions between simu-
lated particles and their surrounding scene. This includes
interactions with solid objects, external forces, and envi-
ronmental effects such as gravity.

4. Rendering and Visualization: The final stage converts
simulation results into visual outputs, generating de-
tailed images or videos that accurately reflect the dy-
namic processes and deformations observed during the
simulation.

The pipeline leverages advanced libraries, such as Warp,

which significantly accelerate GPU computations. This en-
ables the efficient handling of large datasets and complex
simulations. Several Python modules are integral to this
process:

• mpm solver warp.py: Handles the core physical
computations, including particle-to-grid (P2G) transfers
and deformation updates.

• diff gaussian rasterization.py: Manages
the rendering of Gaussian particles, ensuring that dy-
namic changes are visually accurate.

• internal filling.py: Focuses on filling volumet-
ric regions of objects, ensuring uniformity and correcting
inconsistencies in simulations.

The implementation includes sophisticated processes
such as collision detection using ray-based methods and dy-
namic updates of particle properties. These updates ensure
continuous refinement of parameters like covariance matri-
ces, deformation gradients, and applied forces. The system
also incorporates solutions to challenging problems, such
as filling hidden regions within volumetric objects and ad-
dressing computational inconsistencies in complex geome-
tries. This includes ensuring volumetric continuity in sce-
narios with irregular shapes or materials, a critical feature
for applications such as soft-body dynamics or fluid simu-
lations.

In addition, the pipeline includes tools for diagnos-
ing and correcting simulation errors. For example, debug
modes highlight discrepancies in physical parameters or in-
consistencies in boundary conditions, streamlining the reso-
lution of simulation challenges. Integration with visualiza-
tion tools also aids researchers in evaluating simulation re-
sults in real-time, enabling iterative improvements to scene
parameters.

Despite its robustness, the pipeline encounters chal-
lenges, including the complexity of JSON configurations,
errors linked to CUDA and Taichi, and limited documenta-
tion for some physical parameters. The reliance on highly
specific hardware, such as GPUs optimized for parallel pro-
cessing, may also limit accessibility. Nonetheless, the Phys-
Gaussian pipeline excels in delivering high-quality simula-
tions. It allows researchers to explore dynamic behaviors in
materials under diverse scenarios, pushing the boundaries
of computational physics and visualization.
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4. PhD Student: Summary of the Dynamic
Mesh Framework

The dynamic mesh adaptation framework is an advanced
system developed to address challenges in the 3D represen-
tation of dynamic objects, particularly under extreme de-
formations. By treating Gaussian centers as vertices within
a dynamic triangular mesh, the framework ensures precise
control over deformations while maintaining computational
efficiency. The methodology is extensively described in the
paper A Simple and Flexible Framework to Adapt Dynamic
Meshes.

The primary issues the framework resolves include:

• Excessive Anisotropy: In scenarios of high deforma-
tion, Gaussian kernels can become excessively elongated,
leading to visual distortions and inaccurate representa-
tions.

• Inadequate Distribution: Uneven scaling along Gaus-
sian axes causes errors in geometry and physics simula-
tions, compromising overall simulation fidelity.

To mitigate these problems, the framework incorporates
dynamic structural operations:

1. Refinement (Edge Split): Edges in highly deformed or
geometrically complex regions are split to increase reso-
lution and accuracy.

2. Simplification (Vertex Weld): Stable areas with mini-
mal deformation are simplified by merging vertices, re-
ducing computational overhead while maintaining accu-
racy.

3. Curvature-Sensitive Laplacian Smoothing: This pro-
cess adjusts vertex positions based on local curvature,
preserving critical details in regions with high geometric
complexity.

Dynamic mesh adaptation occurs continuously through-
out the simulation process, with real-time adjustments made
to ensure fidelity and numerical stability. At each time
step, vertex properties, including positions, connectivity,
and Gaussian attributes, are updated based on deformation
gradients and curvature thresholds. These updates enable
the framework to handle complex scenarios such as tearing,
folding, or re-meshing in highly dynamic environments.

The framework’s flexibility extends to applications in
real-time rendering, where it balances computational effi-
ciency with visual quality. For example, regions of high de-
formation density are allocated additional computational re-
sources, while stable areas are simplified to conserve mem-
ory and processing power. This selective adaptation en-

hances the overall efficiency of simulations, making them
suitable for both academic research and practical applica-
tions, such as real-time VR simulations or engineering anal-
ysis.

The benefits of the framework are multifaceted:

• Visual Enhancement: Reduces artifacts and improves
detail preservation in critical areas.

• Computational Efficiency: Simplified regions consume
fewer resources, enabling faster simulations without com-
promising accuracy.

• Numerical Stability: Prevents issues such as poorly con-
ditioned matrices during calculations, ensuring consistent
results even in high-stress simulations.

• Real-Time Adaptation: Continuously adjusts mesh
structures to accommodate dynamic deformations and
maintain consistency.

Future enhancements to the framework include explor-
ing support for complex topological changes, such as dy-
namic creation or removal of mesh elements, to better
model scenarios involving fracture or merging. Another di-
rection involves automating parameter selection, enabling
users to define broad criteria, with the framework dynami-
cally tuning thresholds for curvature, deformation, and con-
nectivity. These improvements aim to extend the adaptabil-
ity and user-friendliness of the dynamic mesh framework,
positioning it as an essential tool for simulations in Phys-
Gaussian and beyond.

5. Conclusion

In summary, the proposal of the PhysGaussian is to recreate
a 3D scene at the same time that consider physics character-
istics and motion. To achieve this, the paper introduces an
innovative approach of transform Gaussian kernel in parti-
cles and inserting a mechanical method into it. The authors
were successful in their objective, PhysGaussian is capa-
ble to represent satisfactorily movements of different scenes
through images and physical information. As future works
is important to focus on the material boundary conditions,
improving it and creating a more realistic result.
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