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The purpose of this work is to give a mathematical overview and variational interpretation
of a proposed method for physically embodied Gaussian splatting [1]. The original method
introduces a dual Gaussian–particle representation, where particles support physical simulation
and attached three-dimensional Gaussians provide a differentiable visual representation. This
enables a robotic world model that can both predict future states and correct itself using camera
observations.

Modern robotic systems require internal world models that are not only visually accurate,
but also dynamically meaningful. Classical learned world models often represent the environ-
ment in a latent space, while physics-based simulators provide interpretable dynamics but may
suffer from model error and imperfect synchronization with real observations. The main idea
discussed here is to view visually correctable Gaussian world models as prediction-correction
systems: a physical simulator gives a prior forecast of the next state, while differentiable Gaus-
sian rendering defines an observation operator whose residual with respect to the real image
produces a correction signal.

Let the state of a Gaussian world model at time t be

xt = {pi(t), vi(t), qi(t),Σi(t), ci(t), αi(t)}Ni=1.

Here pi(t) and vi(t) denote particle position and velocity, qi(t) denotes orientation or other
physical attributes, while Σi(t), ci(t), and αi(t) are Gaussian covariance, appearance, and
opacity. The physical prediction is

xpred
t+1 = Φ∆t(xt, at), (1)

where at is an external action and Φ∆t is a discrete-time physical evolution operator. The visual
state is connected to image observations by a differentiable renderer

Ît = R(xt), (2)

where R is the Gaussian splatting renderer and It is the observed image.
We define visual correction as the following constrained variational problem:

x∗t = arg min
z∈C

[
λvis`(R(z), It) + λphys‖z − xpred

t ‖2 + λregR(z)
]
. (3)

Here z is a candidate state, while x∗t is the corrected state. The first term enforces visual
consistency, the second term keeps the corrected state close to the physical forecast, and the
third term regularizes the solution. The constraint set C may encode rigidity, non-penetration,
object-level consistency, or other physically meaningful restrictions.

In practice, problem (3) may be solved approximately by a number of projected gradient
steps:

zk+1 = ΠC
(
zk − η∇zE(zk)

)
, (4)
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where E denotes the energy in (3). In particular, the visual component of the update has the
form

Fvis = −∇z`(R(z), It). (5)

Thus, the visual force used in visually correctable Gaussian world models can be interpreted
as the negative gradient of an observation loss.

Remark 1. A visually correctable Gaussian world model can be interpreted as a prediction-
correction state-estimation scheme: the physical simulator provides a dynamical prior, the
Gaussian renderer acts as a differentiable observation operator, and the image residual defines
a correction force on the underlying physical state.

This formulation connects visually correctable Gaussian world models with classical
prediction-correction methods. Physical simulation plays the role of a dynamical prior, Gaus-
sian rendering acts as a differentiable observation operator, and image residuals define measure-
ment errors. Thus, visual correction can be understood as an analysis step in which a predicted
physical state is adjusted using visual evidence.

The differentiability of the renderer is essential: it allows image-space errors to be prop-
agated back to physical variables. Related principles appear in differentiable simulation and
differentiable rendering [4]. The specificity of Gaussian world models is that the observation
operator is given by Gaussian splatting, which combines explicit geometric structure with real-
time differentiable rendering [2]. Dynamic extensions further show that Gaussian primitives
can be treated as persistent moving scene elements [3].

The variational view also suggests efficiency-aware extensions. Since visual correction re-
quires repeated rendering and optimization, memory footprint and rendering speed are essential.
Compact Gaussian splatting methods reduce cost by pruning redundant primitives, adapting
appearance representation, and quantizing Gaussian attributes [5]. Such ideas may be included
in R(z) as penalties for redundancy, excessive appearance complexity, or unnecessarily high-
precision parameters.

Therefore, Gaussian splatting can be viewed not only as a rendering method, but also as
a differentiable observation operator for correcting physical world models. The proposed vari-
ational viewpoint explains visual correction as gradient-based state estimation and motivates
future work on robust losses, adaptive physical-visual weighting, and efficiency-aware regular-
ization for real-time robotic applications.
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