Interactive Multilayer Gaussian Garments for Low-Cost Try-On
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Figure 1: We present a novel method for interactive mix-and-match avatar dressing of multilayer Gaussian garments. To address
penetrations between the body and the garment, as well as between the garment layers, we incorporate a novel screenspace
visibility culling method inside the 3D Gaussian splatting renderer. We also show a webcam-based interactive virtual try-on.

ABSTRACT

Numerous recent works have utilized 3D Gaussian Splatting to rep-
resent high-fidelity digital avatars. However, none have enabled in-
teractive multilayer Gaussian garments for virtual try-ons without
relying on expensive hardware, such as a camera array and/or mul-
tiple GPUs. To enable affordable mix-and-match dressing—dressing
3D avatars with realistic and complex combinations of garments—it
is crucial to handle the interactions between multiple layers of gar-
ments using consumer-level capturing hardware. To address this,
we present a novel screenspace layer resolution method combined
with physical simulation and Gaussian garments to enable realistic
multilayer mix-and-match avatar dressing at interactive rates using
low-cost hardware. As an offline process, we capture multiple static
garments individually using only a single mobile camera on a static
mannequin and then perform a dual reconstruction of Gaussians
and simulation mesh. During runtime, these Gaussians are driven
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by a fast but simple physics simulator, whose output may contain
inter-penetrations across garment layers. Our method fixes these
in screenspace by rasterizing the simulation mesh from various
camera views and culling the Gaussians that are skinned to un-
seen mesh triangles. We show the effectiveness of our approach by
demonstrating mix-and-match dressing results at interactive rates
using short-sleeves, long-sleeves, a fur vest, and a singlet. Addition-
ally, we showcase a webcam-based interactive try-on application
to further illustrate the capabilities of our system.
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» Computing methodologies — Image-based rendering.
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1 INTRODUCTION Therefore, we use a simple GP U cloth simulator based on Position-
Realistic and animatable 3D clothed human avatars play an im- Based Dynamics (PBD}{] that can directly communicate with the
portant role in many graphics applications, such as telepresence 3DGS renderer with minimal overhead. Any body-cloth or cloth-
and virtual try-on. The quality of these avatars has signi cantly cloth intersections produced by this Ilght-vyelght S|mulator_ are
improved due to recent advancements in shape representation and then xed by our screenspace layer resolution method, which is
rendering techniques7Q, 71], including those based on NeREJ particularly well-suited for facilitating an interactive application
14, 50,63 and 3D Gaussian Splatting (3DGSF[31, 34 35 37, 74. with frequently switched contexts under limited GPU resources.
These works typically capture the entire human body with cloth- Additionally, the robustness of PBD is advantageous for handling
ing as a whole and represent the whole human body as a single the potentially noisy initial conditions. Due to our mix-and-match
layer. There are few works that support modeling the body and sys_tem, we inevitably start the simulation with some initial pene-
garments as separate layers, enabling garment transfer between trations between the cloth and body, as well as between the cloth

avatars [13, 14, 35, 70]. layers. o _
However, these methods still have several limitations. First, they ~ Our main contributions can be summarized as:
rely on data captured in a studio setup with camera arrays and A novel screenspace layer resolution method for multilayer
custom lighting con gurations, which restricts their applicability. garment visibility checking (Y3.1).
Second, they typically model a single layer of garment, limiting A simple yet e ective method for the dual reconstruction of
the dressing to a single layer or pre-de ned combinations of gar- Gaussian particles and simulation meshes from static gar-
ments on avatars. Finally, while some multilayer garment dressing ment captures (Y3.2).
is achievable T(, their method cannot handle the case where the An end-to-end interactive system, including a webcam-based
inner layers are signi cantly occluded, and requires extensive com- interface, for dressing 3D avatars using low-cost hardware
puting power to achieve an interactive rate. for capture and visualization, avoiding prohibitive techniques
In this paper, we propose an interactive multilayer mix-and- such as camera arrays (Y3.3 and 3.4).

match avatar dressing framework based on 3DGS garment represen-
tation. The key idea of our framework is to use a screenspace layer 2 RELATED WORK
resolution method, rather than a 3D collision resolution method, 21 Clothed Human Avatars
so that we can use a simple, lightweight physics simulator to drive ’ o
the motion of the multilayer garment meshes with the Gaussian The task of reconstructing and animating a photc_)reallstlc human
particles skinned to them. We generate collision-aware (but not nec- avatar has been a recent research focus in graphics. Early attempts
essarily collision-free) motions through physical simulation rather ~ USing RGB-D cameras and mesh-pased repr.esentatﬁ)h@; 57
than relying on skinning and other geometric constraints used in ~ €nable applications such as movie production, VR, and telepres-
previous works, such as D3GA{]. Additionally, these Gaussians ~ €nce- However, the 3D data required to reconstruct these avatars
are reconstructed fronstaticcaptures of individual garments, and IS limited and expensive to acquire. In recent years, avatars rep-
their spherical harmonics are transformed at runtime based on the resented by NeRFLB 14, 50 and 3DGS 9, 31, 34,35 37,53 74,
deformation of the cloth. This facilitates a simple capturing process Just to name a few, have gained attention due to the ease of ob-
that allows us to reconstruct the Gaussian particles and the physics taining input data and the higher rendering quality. Initially, these
simulation mesh simultaneously, with a monocular RGB camera methods represented a clothed human avatar using a single-layer
and a single GPU. representation 34 for simplicity, meaning that the body and the
Our system is agnostic to how the garment motion is generated cloth are modeled together, preventing their use in virtual try-on
it simply takes as input the motion over time of possibly over- applications. Later, methods havg been proposed to solve this prob-
lapping layers of garments. This input can in theory come from €M using two-layer representation such as mesh+NeRE 14
any traditional physics simulatorZ, 6, 46 or a neural simulator and compositions of 3SDGS, 74. Among them, only LayGA 33
[4, 18 58 59. Despite the existence of many high-performance considers the collision between the body layer and the cloth Iaygr
GPU cloth simulators 6, 33 6§ and collision resolution tech- and achieves high-quality garment transfer results. However, their
niques B, 7, 28 43 65 69, it remains a challenge to incorporate method is not real-time, and _is Iimite_d to handling a _single Iay_er of
these works into an interactive try-on system for two reasons. First, garmentand generating motions using simple skinning techniques
these techniques still require non-trivial collision parameter tuning ~ @nd geometric constraints rather than physical simulation. There-
or collision proxy tweaks by experts, often for each simulation fore, they cannot achieve realistic mix-and-match avatar dressing.
garment, to generate penetration-free results. Second, it requires !N contrast, our method reconstructs 3DGS for each_garment sep-
signi cant engineering to incorporate these techniques without arately and generates realistic mix-and-match multilayer avatar
adversely a ecting the performance of the 3DGS renderer. Extreme dressing driven by a physical simulation with a screenspace scheme
care must be taken to not only keep the simulation cost low but 0 resolve the di erent layers of garments. Similarly, while Gauss-
also to minimize the amount of memory transfers and copies. There 1an Garments @ achieve multilayer try-on, they still require an
has also been recent work on mixing 3DGS and simulatiaf [ expensive camera setup and _fail to produce realtime inte_ractive
but extending this work for multilayer cloth is challenging for the ~ {ry on. While many other multilayer clothed human techniques
same two reasons: collision parameters must be tuned carefully for €Xists, mesh based methods often fail to be realti?€ ¢1], and

cloth-cloth interactions, all the while maintaining interactive rates. ~ often have many limitations such as pose restrictiofi]or lack of
dynamics [LJ. In the same vein, screenspace try-on methods based
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Figure 2: Overview of our pipeline. For each individual garment, we optimize surface-aligned Gaussians and skin them to
a co-optimized garment mesh. (A) Given a set of garments and a prede ned order (outer to inner), our method generates a
multilayer clothed human avatar in the following steps. (B) At each frame, we rst perform a real-time physics simulation,
which may contain erroneous protrusions. (C) We then x the remaining layering problems in screenspace, and (D) render
Gaussians only if their skinning triangle is visible in our processed triangle map.

on di usion [9, 73 or image warping [B] fail to be interactive,
though we view these as orthogonal to our approach. Additionally,
many methods of mesh reconstruction exist. Splatting based meth-
ods [19 21, 67] are often not well suited for simulation without
further processing. Sewing patten method3?[ 3¢ are in princi-

ple compatible with our method, though Gaussian correspondence
may face di culties. We opt for a simple, e ective solution for
reconstruction, and our online method is compatible with meshes
generated by any methods, provided they are simulation-ready,
elements are reasonably sized, and splats are surface-aligned.

2.2 Screenspace Collisions

Screenspace collision resolution approaches have been used to com-

pute collisions for many decaded$ 6. With the advent of GPUs,

these approaches became highly e cient, able to nd potentially

colliding sets of triangles at interactive rate$ 17). More recently,

raycasting on GPUs has been used to detect and minimize intersec- Figure 3: The propagation of layer penetration information
tion volumes [L2, 66. Although related, these approaches are not between virtual viewpoints. We illustrate how our method
directly applicable in our context. Critically, related work on image- handles penetrations of a blue inner garment with an or-
based collisions focuses primarily on collisions between volumetric ange outer garment. (1) Penetrations seen from the current
objects [L, 11], whereas our method focuses on a more specic Vviewpoint (A) are easily detected we can check if triangles
problem of resolving the visibility of cloth layers with known order- ~ on this ray are out of order. (2) Some penetrations may not
ing. Our screenspace approach is designed speci cally for layered be detectable from the current viewpoint (A) by traversing
garments and is used not for determining overlapping primitives  the triangles along a ray from that viewpoint, but can be

or volumes but as a way to show or hide Gaussian particles. detected from virtual viewpoints (B). (3) Virtual viewpoints
share penetration information to remove penetrations from
3 METHODS the current viewpoint.

We now present our methods for achieving interactive multilayer

clothed avatars using 3D Gaussians skinned to garment meshes. ) o o )
Asillustrated in Fig. 2, our method rst reconstructs garments in-  Processes with a rasterization-based visibility check to determine

dividually for mix-and-match try-on. Then, users select ordered Which Gaussians can be seen from a given viewpoint. We describe
garments, and we perform a lightweight, real-time cloth simulation ~ OUr layer resolution method in Y3.1, the preprocessing steps in Y3.2,
using the garment meshes, which may contain many erroneous 2and other details in Y3.3 and 3.4.

protrusions of inner garments through outer garments. Then, our .

screenspace layer resolution method corrects them by iteratively 3-1 ~Screenspace Garment Layer Resolution

identifying incorrectly ordered triangles from multiple viewpoints,  In our system, multiple garments, represented as Gaussian splats
and aggregates this information among these viewpoints. The ma- skinned to triangle meshes, are simulated and displayed based on a
jor advantage of our method is we replace expensive 3D collision prede ned garment order. Perfectly maintaining this garment order
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