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ABSTRACT

This paper tackles the challenge of generating clothing-disentangled 3D charac-
ters from a single image. Existing approaches typically employ multi-layer 3D
representations to model the body and each garment and then iteratively opti-
mize these representations to fit the observations, which is time-consuming and
not scalable. To address this, we propose the first feed-forward method enabling
efficient and robust clothing disentanglement. Our approach first generates the
multi-view images for each component of the clothed character and then employs
a generalizable multi-view reconstruction method to create the 3D models of each
component. For high-quality disentanglement, we propose a two-stage disentan-
glement approach that first disentangles each component in the 2D image space
and then generates the multi-view images for each part. During the 2D component
disentanglement stage, we introduce a novel multi-part diffusion model that allows
information exchange among different components. Additionally, for component
combination, we incorporate a novel combination attention mechanism into the
multi-view diffusion model, enabling the integration of information from multiple
parts to create the final combined character. For training, we have contributed a
large clothing-disentangled character dataset consisting of more than 10k anime
characters. Extensive experiments demonstrate that our proposed approach not
only facilitates efficient and high-quality disentangled 3D character generation
with distinct clothing layers but also supports various cloth editing applications.

1 INTRODUCTION

The creation of 3D clothed character models is critically important across a range of applications,
including film, augmented and virtual reality (AR/VR), and video gaming. In many applications,
it is crucial to model the character’s body and clothing separately, allowing users to freely change
garments, thereby achieving controllable editing capabilities. However, manually creating such
clothing-disentangled 3D characters is labor-intensive and time-consuming. Artists typically need to
create individual components and then assemble them into complete clothed characters. Moreover,
since the created clothing is often tailored to specific characters, it cannot be directly transferred
to others, which may lead to issues such as penetration or misalignment. Therefore, automatically
generating these clothing-disentangled character models from simple inputs (e.g., a single image)
while enabling seamless clothing interchangeability presents a significant challenge.

Existing methods for creating clothing-disentangled 3D characters typically rely on optimization-
based approaches. Based on input 3D avatar scans or textual descriptions of clothed avatars, these
methods typically employ multi-layer 3D representations to model the body and each garment and
then iteratively optimize these representations to fit the observations. The optimization leverages
the powerful 2D diffusion model to implement Score Distillation Sampling (SDS) loss, which en-
ables the disentangled reconstruction of clothing and the human body. Although these methods have
achieved impressive results, they typically require multiple optimization processes to fully disentan-
gle all clothing layers, with each optimization being quite time-consuming. This significantly limits
their scalability and practicality.

In this paper, we propose the first feed-forward approach for efficiently generating clothing-
disentangled 3D characters from a single image. The proposed approach achieves disentangled
reconstruction significantly faster than existing optimization-based methods, reducing the process
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Figure 1: (a) Given a single image, this paper aims to generate clothing-disentangled 3D characters,
supporting applications such as cloth transfer (b).

from several hours to mere seconds. We propose to first generate the multi-view images for each
component of the clothed character, and then employ a generalizable multi-view reconstruction
method to create the 3D models of each component.

However, generating high-quality, disentangled multi-view images remains challenging. Recent
methods propose to introduce multi-view attention mechanisms into diffusion models, allowing
them to generate multi-view images from a single input image. Although these methods achieve
high-quality multi-view consistency, it remains unclear how to extend them to settings involving
disentanglement. Naively incorporating additional part embeddings for disentanglement has been
shown experimentally to result in poor part decomposition. Furthermore, many applications, such
as virtual try-ons, require editing the clothing of characters clothing and then producing the edited
character models, which necessitates the recombination of the decoupled components. Instead of
editing the clothing in 3D space, which can lead to penetration and misalignment, we propose per-
forming the editing at the image level. However, existing methods for component combination focus
on settings with single-view images, rather than the multi-view image setting. Moreover, integrat-
ing a separate combination network tends to complicate and introduce redundancy into the entire
pipeline.

To address this, we propose a novel two-stage disentanglement method that first disentangles each
component in the 2D image space and then leverages the multi-view diffusion to obtain the multi-
view images for each component. This design separates the tasks of component disentanglement
and multi-view image generation, which simplifies each subtask and significantly enhances model
performance. During 2D component disentanglement, our key insight is that different clothing
parts are closely interconnected. Consequently, we propose a novel multi-part attention mechanism
to enhance information exchange among different components, which significantly improves the
quality of disentanglement. For component combination, rather than adding a separate combination
network, we introduce a novel combination attention mechanism into the multi-view diffusion model
that integrates information from multiple parts to generate the final combined character.

Existing datasets of clothing-disentangled characters typically contain only a limited number of sub-
jects (fewer than 1,000) and offer restricted diversity and detail in clothing. To better train and evalu-
ate the proposed model, we constructed a large clothing-disentangled character dataset, focusing on
anime characters due to their abundant availability. This dataset comprises over 10,000 characters,
with each character’s body and clothing fully disentangled. Compared to existing datasets, these
characters display more diverse and complex clothing styles, thereby posing greater challenges.
Extensive experiments demonstrate that our proposed approach achieves efficient and high-quality
clothing-disentangled 3D character generation, outperforming baseline methods.

In summary, this work makes the following contributions:
* We present the first novel framework for feed-forward 3D clothing disentangled avatar genera-
tion from a single image, which achieves high-quality results in a few seconds.

* We propose a two-stage disentanglement method that disentangles each component in the 2D
image space and then generates the multi-view images for each part. We introduce a novel



Under review as a conference paper at ICLR 2025

multi-part attention mechanism for 2D component disentanglement and a combination attention
mechanism for multi-view component combination.

* We construct the first large clothing-disentangled character dataset consisting of more than 10k
anime characters, which will facilitate and inspire future research in this field.

2 RELATED WORKS

Clothed human modeling. In the initial stages of research on clothed human modeling, most
works utilized parametric human meshes Bogo et al.| (2016). These parametric models were en-
hanced with additional vertex offsets to achieve a more detailed and accurate representation of
clothing [Alldieck et al.| (2018); [Bhatnagar et al.| (2019); [Ma et al.| (2020). Recent advancements
in implicit functions Mescheder et al.| (2019); |Park et al.| (2019); [Mildenhall et al.| (2020) have sig-
nificantly advanced the development of techniques for reconstructing clothed humans from images
Saito et al.|(2019); [Peng et al.|(2021bga);|Dong et al.| (2022);|Saito et al.|(2021); Tiwari et al.| (2021);
Wang et al.| (2021b); |Xiu et al.[(2022);|Chen et al.|(2022)), yielding impressive results. Furthermore,
the recently proposed 3D Gaussian representations |Kerbl et al|(2023) have significantly enhanced
the rendering speed of NeRF-based clothed human reconstruction methods |Zielonka et al.| (2023));
Qian et al.| (2024); [Xu et al.|(2024)), enabling rapid training and real-time rendering.

Although achieving remarkable results, these methods typically treat clothing and the human body
as a unified entity, which hinders effective clothing manipulation and limits the range of applications.
To achieve decoupled modeling of clothing and the body, some studies|Yu et al.|(2018a); Pons-Moll
et al.|(2017); [Yu et al.| (2019); |Chen et al.| (2021); Jiang et al.|(2020); Hu et al.| (2023)); Corona et al.
(2021)); Kim et al.[(2024); Moon et al.|(2022);|Dong et al.| (2024); |[Feng et al.|(2022)) have introduced
multi-layer human representations. Early works [Jiang et al.| (2020); |Corona et al.[ (2021]) extended
parametric human body models by additionally learning parametric models of clothing from 3D
clothing datasets. Leveraging these parametric models, some efforts Jiang et al.[(2020);/Moon et al.
(2022) have achieved the reconstruction of coarse clothing shapes. However, due to the limited
scope of 3D clothing datasets, these clothing models often lack diversity. Unlike parametric models
of clothing, some methods |Yu et al.| (2018b) have proposed utilizing non-rigid surface tracking to
fuse observations from RGB-D sequences, achieving high-quality reconstructions of clothing. Ad-
ditionally, GALA Kim et al.| (2024) has explored using the powerful priors of diffusion models to
generate multi-layer 3D assets from a given single-layer clothed 3D human mesh. Others [Zhang
et al.[(2023); Wang et al.|(2023a); Dong et al.|(2024) have even investigated generating multi-layer
representations (e.g., NeRF and Mesh) directly from textual descriptions of clothing. Furthermore,
Feng et al.| (2022) proposed methods for reconstructing clothing disentangled human models from
monocular videos using photometric loss. Although high-quality decoupled reconstructions have
been achieved, these methods typically rely on per-scene optimization, requiring extensive optimiza-
tion for each case, which limits their scalability and practicality. Unlike these optimization-based
approaches, this paper aims to achieve rapid, feed-forward-based decoupled reconstruction.

Diffusion model based 3D generation Recent advancements in 2D diffusion models |[Ho et al.
(2020); Rombach et al.| (2022)); (Croitoru et al.| (2023)) and large-scale vision-language models such
as CLIP Radford et al.|(2021) have paved the way for novel methodologies in generating 3D assets,
utilizing the robust priors established by these models. Innovative approaches DreamFusion [Poole
et al.[(2023)) utilize a per-scene optimization scheme where a 2D text-to-image generation model is
distilled to produce 3D models directly from textual descriptions. This paradigm has been further
explored in numerous recent studies |Chen et al.| (2023a); Wang et al.| (2023d)); Seo et al.| (2023al);
Yu et al.[(2023); [Lin et al.| (2023); Zhu & Zhuang| (2023)); Huang et al.| (2023a); |Seo et al.| (2023b));
Tsalicoglou et al.| (2023)); |]Armandpour et al.| (2023)); |Chen et al.| (2023c). Complementary research
has expanded these techniques to facilitate image-to-3D synthesis [Tang et al.| (2023)); Melas-Kyriazi
et al| (2023); |Qian et al.| (2023); Xu et al.| (2022); Raj et al| (2023)); |Shen et al.|(2023). Unlike
generating a single holistic object, recent works|Li et al.|(2023));/Cheng et al.[(2023)) propose methods
for generating objects comprised of multiple parts, by additionally optimizing the relative positions
of these parts. Although significant progress has been made, these methods typically utilize a Score
Distillation Sampling (SDS) loss to optimize 3D representations (such as NeRF, 3D Gaussian, or
mesh), which results in inefficiencies that limit scalability.
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Figure 2: Overview of the proposed method.

In contrast, some studies Nichol et al.| (2022)); Zeng et al.|(2022); [Wang et al.|(2023c)); Jun & Nichol
(2023)) propose extending diffusion models to 3D, directly outputting representations such as point
clouds and neural fields, thereby enabling efficient 3D generation. However, due to the limited
availability of 3D data, the generalization capability of these methods remains relatively constrained.

Alternatively, another line of research focuses on extending a pretrained 2D diffusion model to
initially generate multi-view images [Liu et al.| (2023bzc); [Huang et al.| (2023b); [Shi et al.| (2023);
Long et al.| (2023), followed by multi-view 3D reconstruction based on these images |[Liu et al.
(2023a); [ILong et al.|(2023); Hong et al.| (2023)); |Wang et al.| (2023b)); Tang et al.|(2024). Pioneering
work zero123 [Liu et al.| (2023b) introduces relative view conditions to diffusion models, enabling
novel view synthesis from a single image. To improve multi-view consistency, recent works propose
to introduce multi-view attention to the diffusion models. SyncDreamer|Liu et al.|(2023c) introduces
a 3D global feature volume to fuse multi-view information, while EpiDiff [Huang et al.| (2023b)
incorporates epipolar constraints to facilitate efficient cross-view interactions among feature maps
from neighboring views. In addition, MVDream Shi et al.|(2023)) and Wonder3D |Long et al.|(2023))
propose to reuse the self-attention layers for multi-view interaction. Although these methods have
achieved impressive results, they typically generate multi-view images of a single holistic object
and are unable to decouple and generate images of multiple distinct parts. In contrast, this paper
proposes a novel disentanglement method that supports the generation of multi-view images for
each clothing part of a clothed human. Based on the generated multi-view images, early works
propose to reconstruct 3D models with the per-scene optimization scheme such as neural surface
reconstruction [Wang et al.| (2021a) and SDS loss based optimization. To improve the efficiency,
recent works |Liu et al.|(2023a)); [Tang et al.[(2024); Peng et al.|(2024) propose to directly reconstruct
3D models from multi-view images using feed-forward neural networks. Training on large scale
datasets Deitke et al.|(2023)), these methods can achieve high-quality 3D reconstruction in seconds.

3 METHOD

We aim to generate the clothing disentangled 3D character models from a single image. In contrast
to optimization-based methods, this paper proposes a novel feed-forward approach that not only
enables efficient clothing disentangled character generation in seconds but also intrinsically sup-
ports 3D virtual try-on applications without the need for additional clothing combination networks.
Figure [2] presents an overview of our approach. Given an input image of the clothed character, a
multi-part diffusion model is proposed to produce disentangled images of the human body and each
clothing part (Section [3.T)). The disentangled images are then fed into a multi-view diffusion model
to generate multi-view images for each part. To compose the body and clothing parts, a novel multi-
part attention module is introduced to guide the composition process (Section [3.2). Based on these
multi-view images, the off-the-shelf feed-forward multi-view reconstruction methods are adopted to
produce the 3D model of each part, and an optional optimization method is proposed to combine all
3D models (Section [3.3).
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3.1 2D CLOTHING DISENTANGLEMENT

To disentangle the human body and each clothing part from the input image, existing methods typ-
ically rely on clothing segmentation (i.e., semantic segmentation), which outputs the pixel-wise
labels of each type. However, the clothing segmentation based methods have two main limita-
tions. First, the segmented image of each type is often incomplete due to the occlusion. Second,
the obtained part images usually only occupy a small part of the original image, resulting in a low
resolution. To address these issues, we propose a novel 2D part disentanglement method based
on diffusion models, which can generate complete and high-resolution part images from the input
image. Before introducing our approach in detail, we first briefly describe the diffusion model.

Diffusion models. Diffusion models (Sohl-Dickstein et al.,|2015; [Ho et al.| 2020) are a category
of generative models parameterized by Markov chains, comprising forward and reverse processes.
In the forward process, a sample zy drawn from the data distribution p(z) is progressively noised
through a sequence {z; | t € (0,T)}, where each z; is computed as x; = «;z¢ + o€ and T denotes
the number of train steps. Here, e represents random noise sampled from a normal distribution
N(0,1), and oy, oy are constants defining the noise schedule, culminating in complete Gaussian
noise. Conversely, the reverse process iteratively denoises the noisy image, reconstructing x;_;
from x; by estimating the noise e. This estimation is achieved by a noise predictor €y, parameterized
using a UNet architecture. Please refer to |Ho et al.| (2020); Sohl-Dickstein et al.| (2015) for more
details about diffusion models.

Under the diffusion model scheme, our goal to disentangle each part from the input image y can be
formulated as follows:

T
f(Y) =D (X’}'v ""Xg) Hp9 (X%—lv "'7X1{V—1 | tha "'axivv)I) (1)
t=1

where x}., ..., x¥ ~ N(0,I) and N denotes the number of parts. Therefore, the key problem is to
calculate the distribution pg, which enables to generate the disentangled part images based on the
Markov chain.

To leverage the strong image prior learned from billions of images, we base our model on the pre-
trained stable diffusion models Ho et al.[|(2020). The original diffusion model only supports single
image generation based on the conditional image. To enable multi-part image generation, we addi-
tionally introduce the part type ¢ condition into the stable diffusion models, and then the diffusion
model can generate a specified part image based on the input image and the corresponding part type,
ie., x¢ = f(y,c). Specifically, we adopt the one-hot encoding to represent the part type, which
is further augmented with the positional encoding and then concatenated with the time embedding.
Intuitively, using the multi-part diffusion model to generate the different part images separately will
lose the strong correlation among different parts since there are fixed patterns in how people wear
their clothes. To address this, we introduce a novel multi-part attention module to facilitate informa-
tion propagation across different parts, implicitly encoding multi-part dependencies.

Rather than adding a new layer, we achieve this by extending the original self-attention layers to
be multiple parts aware, which allows connections to other parts within the attention layers. This
module not only enhances the part decomposition quality but also achieves faster convergence. The
specific calculation of queries, keys, and values of part ¢ in the multi-part attention layer is as
follows:

¢=Q £k =K-zZ'o---aN,v=V.-(Zo o ()
where Q, K and V denote query, key and value embeddings matrices, z¢ denotes the latent embed-

dings of part ¢ in transformer blocks, and & denotes concatenation operation.

3.2 MULTI-VIEW GENERATION AND PART COMBINATION

To reconstruct the 3D models of each part, we propose to first generate the multi-view images based
on the disentangled image, which can be used as the input of the multi-view based reconstruction
methods. To achieve this, similar to the previous works, we introduce the multi-view attention layers
to the diffusion models to enhance the multi-view consistency. Specifically, we modify the original
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self-attention layers to be multi-view aware, which allows information propagation across different
views within the attention layers. With this design, the multi-view diffusion model can generate
multi-view consistent images for each part.

In addition to generating multi-view images for each part, the composition of parts is also an in-
dispensable component for many applications, such as virtual try-on. Existing 2D part composition
methods typically train a dedicated network to combine the images of different parts. These meth-
ods usually are designed for single view images and how to extend them to multi-view images is
unknown. Moreover, adding an additional network to handle part composition increases the overall
complexity and redundancy of the method.

Thus, in this paper, we propose to introduce a part composition module into the multi-view dif-
fusion model to achieve efficient and high-quality multi-view part composition. Specifically, we
introduce a combination attention module after the multi-view attention layer in the UNet to guide
the combination process, which can exchange the information of multiple parts. To generate the
combined images, an alternative method is directly fusing the information of multiple parts from
the corresponding conditioned part images. However, as shown in the experiments, this design can
not achieve high-quality combination since the network needs to simultaneously learn multi-view
generation and part combination from the input part images. To address this, we propose to in-
troduce a special condition image specifically for part combination. Intuitively, the network learns
multi-view generation from input part images and part combination from special condition images,
thereby achieving improved performance. The calculation of queries, keys, and values of each part
is similar to Equation 2]

3.3 MULTI-VIEW BASED RECONSTRUCTION

Given the multi-view images of each part, we can adapt the recent feed-forward multi-view based
reconstruction methods to produce the 3D models of each part. In particular, we adopt the LGM
model to reconstruct the 3D models of each part, which can produce high-quality 3D gaussian
models in 1 second.

In addition, since the reconstructed 3D model of each part is part centric, the mutual position re-
lationship between different parts is not considered. To address this, we propose an optional 3D
part model optimization algorithm to optimize the mutual position relationship between different
parts. The key idea is to leverage multi-view rendering consistency between the rendered images of
combined 3D Gaussian models and part combination images from multi-part attention modules to
optimize the mutual position relationship between different parts. Specifically, for each part ¢, we
aim to produce the corresponding rotation matrix R, translation vector T, and scale factor s, of
3D gaussian model p. relative to the unified canonical space, which can be written as follows:

min ij 1Dy (Feat (i (Ripi + Ti)) = Lol2, 3)

where R, T, s denotes the collections of corresponding R, T, s¢, D,(+) denotes the differentiable
3D gaussian rendering, and I, denotes the part combination images from multi-part attention module
of view v.

4 EXPERIMENTS

4.1 DATASET AND METRICS

Existing 3D character datasets often suffer from limitations such as the integration of clothing with
character models, making them inseparable, or they are too small (fewer than 1,000 models) with
overly simplistic and non-diverse clothing options. Inspired by the PAniC3D |Chen et al.[(2023b)), we
collected a comprehensive dataset of over 13,000 anime characters from VRoidHub [VRoid|(2022),
which contains rich diversity and complexity in character designs. To facilitate flexible usage, we
developed a robust rendering pipeline that controls the visibility of specific parts of the character
models, namely body, upper body clothing, lower body clothing, and shoes. This approach allows
for precise manipulation of different clothing combinations within the dataset. Upon manual review
and removal of incorrectly disentangled clothing models, our refined dataset comprises over 10,000



Under review as a conference paper at ICLR 2025

Table 1: Quantitative comparisons of disentangled multi-view image generation.

PSNRT SSIM T LPIPS |
Baseline 17.5499 0.7637  0.2394
Ours  26.6920 0.9119  0.0737

character models. Please refer to the appendix for details. Each of these models is capable of gener-
ating images in 11 distinct clothing combinations. We reserve 500 character models for evaluation
with the remaining models used for training. Ultimately, our dataset expanded to encompass more
than 110,000 character models with unique clothing. For each model, we rendered images from four
distinct perspectives to generate multi-view images for training and evaluation.

For the evaluation of image synthesis, we employ three metrics: Peak Signal-to-Noise Ratio (PSNR),
Structural Similarity Index (SSIM), and Learned Perceptual Image Patch Similarity (LPIPS) Zhang
et al.|(2018)).

4.2 IMPLEMENTATION DETAILS

The Stable Diffusion Image Variations Model is utilized as the basis for both our 2D part disentan-
glement and multi-view generation and combination models. The optimizer settings and e-prediction
strategy are consistent with those used during the training of the Image Variations Model. In stage
one, we employ a batch size of 512 and train 20,000 steps. In stage two, we use a batch size of
600 and train 30,000 steps. The whole training process typically spans approximately three days,
utilizing a cluster of eight Nvidia Tesla A100 GPUs.

4.3 COMPARISONS WITH THE BASELINE METHOD

Existing methods for reconstructing objects from single images generally support only holistic re-
construction. To facilitate a comparison with our approach, we have extended these existing holistic
reconstruction methods to enable multi-part decoupling and generation. Specifically, we enhanced
the state-of-the-art method, Wonder3D [Long et al.| (2023)), by removing irrelevant normal modules
and incorporating ‘part type’ as an additional condition. This adaptation allows for the generation
of multiple parts, making it possible to compare directly with our method.

We evaluate the quality of generated multi-view images for each part. Tab.[T|presents the quantitative
comparisons between our method and the baseline method. As shown in the table, our approach
outperforms the baseline across all metrics. We also present qualitative results in Figure [3] which
shows that the propose two-stage pipeline achieves greater consistency with the input image, and
avoids the type mispredictions often seen with the baseline approach.

4.4 ABLATION STUDIES

We conduct ablation studies to validate the effectiveness of the design in our proposed method.

Multi-part attention for 2D part disentanglement. We explore the effectiveness of the multi-part
attention module in our 2D part disentanglement framework. An alternative approach disables the
multi-part attention module, thereby generating each part independently without leveraging cross-
part contextual information. The quantitative results for part disentanglement are reported in Tab. 2}
which shows that our approach with the multi-part attention module significantly outperforms the
baseline. The qualitative results are illustrated in Figure ] which demonstrates that the multi-part
attention module significantly enhances the quality of disentangled part images.

Multi-view part composition. We propose to introduce a special condition image and use the com-
bination attention mechanism to guide the part combination as shown in Section[3.2] An alternative
approach is to first train a multi-view diffusion model and then use the attention mechanism to fuse
the multi-part feature based on only part images rather than introducing another condition image.
The quantitative and qualitative results for part composition are shown in Tab. [I|and Figure [5] (left),
respectively. As we can see, our approach with the special condition image significantly outperforms
the baseline method.
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3D part model composition. We propose an optimization-based method to fuse 3D part models
to obtain a complete 3D character model. We compared it with the 3D models generated directly
from the combined images. The qualitative results are shown in Figure 5] (right), where we compare
the quality of rendered images from the 3D models. As the results show, our optimization-based
method achieves better rendering quality than the baseline approach. The disentangled part images
can capture much more details than the composed image, which produces more detailed 3D models
of each part. This highlights the value of disentangled generation.

Table 2: Ablation studies for 2D part disentanglement and part composition.

PSNR T SSIM{T LPIPS |
w/o multi-part attention 25.7860  0.8899  0.0974
w/ multi-part attention 27.3969 0.9098  0.0774
w/o special condition image 16.8848  0.8317  0.1516
w/ special condition image  25.2128 0.9320  0.0583
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4.5 APPLICATIONS

Thanks to the design of disentangled modeling and part composition, our method naturally supports
3D virtual try-on applications. We present the clothing transfer results in Figure[6] Furthermore, the
3D models generated by our method can be adapted to fit a parametric human model, which enables
dynamic animation of reconstructed models. The results are shown in Figure[/|(bottom).

4.6 LIMITATIONS

The proposed approach still has the following limitations. Although we have contributed a large
clothing-disentangled 3D dataset, its size remains insufficient compared to existing image datasets.
Therefore, exploring how to train disentangled models using 2D image data is our next step. Addi-
tionally, our method generates from a single image, resulting in a static 3D clothing model, which
limits the ability to create realistic animations of the clothing models. Thus, decoupling dynamic
clothing models from sequential inputs is left as future work.
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5 CONCLUSION

In this paper, we propose a novel method for generating clothing-disentangled 3D characters from
a single image. Unlike previous optimization-based methods, we introduce a feed-forward decou-
pling reconstruction approach that initially generates multi-view images of each part, followed by
individual reconstruction using a generalized multi-view reconstruction method. To achieve high-
quality decoupling, we propose a two-stage method that first decouples each part in the 2D image
space, and then generates multi-view images for each part. A novel cross-part diffusion model is
introduced to enhance information exchange among different components during the 2D component
decoupling stage. To generate the final combined character, we introduce a novel combination atten-
tion mechanism into the multi-view diffusion model that integrates information from multiple parts.
For training, we have created a large dataset of more than 10k clothing-disentangled characters. Ex-
periments show that our method achieves efficient, high-quality generation of clothing-decoupled
3D characters, while also supporting clothing editing applications.

REFERENCES

Thiemo Alldieck, Marcus Magnor, Weipeng Xu, Christian Theobalt, and Gerard Pons-Moll. Video
based reconstruction of 3d people models. In CVPR, 2018.

Mohammadreza Armandpour, Huangjie Zheng, Ali Sadeghian, Amir Sadeghian, and Mingyuan
Zhou. Re-imagine the negative prompt algorithm: Transform 2d diffusion into 3d, alleviate janus
problem and beyond. arXiv preprint arXiv:2304.04968, 2023.

Bharat Lal Bhatnagar, Garvita Tiwari, Christian Theobalt, and Gerard Pons-Moll. Multi-garment
net: Learning to dress 3d people from images. In Proceedings of the IEEE/CVF international
conference on computer vision, pp. 5420-5430, 2019.

Federica Bogo, Angjoo Kanazawa, Christoph Lassner, Peter Gehler, Javier Romero, and Michael J
Black. Keep it SMPL: Automatic estimation of 3D human pose and shape from a single im-
age. In Computer Vision—-ECCV 2016: 14th European Conference, Amsterdam, The Netherlands,
October 11-14, 2016, Proceedings, Part V 14, pp. 561-578. Springer, 2016.

Z. Cao, G. Hidalgo Martinez, T. Simon, S. Wei, and Y. A. Sheikh. Openpose: Realtime multi-person
2d pose estimation using part affinity fields. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2019.

Rui Chen, Yongwei Chen, Ningxin Jiao, and Kui Jia. Fantasia3d: Disentangling geometry and
appearance for high-quality text-to-3d content creation. arXiv preprint arXiv:2303.13873, 2023a.

Shuhong Chen, Kevin Zhang, Yichun Shi, Heng Wang, Yiheng Zhu, Guoxian Song, Sizhe An, Janus
Kristjansson, Xiao Yang, and Matthias Zwicker. Panic-3d: stylized single-view 3d reconstruction
from portraits of anime characters. In Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, pp. 21068-21077, 2023b.

Xin Chen, Anqi Pang, Wei Yang, Peihao Wang, Lan Xu, and Jingyi Yu. Tightcap: 3d human shape
capture with clothing tightness field. ACM Transactions on Graphics (TOG), 41(1):1-17, 2021.

Xu Chen, Tianjian Jiang, Jie Song, Jinlong Yang, Michael J Black, Andreas Geiger, and Otmar
Hilliges. gdna: Towards generative detailed neural avatars. arXiv, 2022.

Yiwen Chen, Chi Zhang, Xiaofeng Yang, Zhongang Cai, Gang Yu, Lei Yang, and Guosheng
Lin. It3d: Improved text-to-3d generation with explicit view synthesis. arXiv preprint
arXiv:2308.11473, 2023c.

10



Under review as a conference paper at ICLR 2025

Xinhua Cheng, Tianyu Yang, Jianan Wang, Yu Li, Lei Zhang, Jian Zhang, and Li Yuan. Progres-
sive3d: Progressively local editing for text-to-3d content creation with complex semantic prompts,
2023.

Enric Corona, Albert Pumarola, Guillem Alenya, Gerard Pons-Moll, and Francesc Moreno-Noguer.
Smplicit: Topology-aware generative model for clothed people. In CVPR, 2021.

Florinel-Alin Croitoru, Vlad Hondru, Radu Tudor Ionescu, and Mubarak Shah. Diffusion models in
vision: A survey. T-PAMI, 2023.

Matt Deitke, Dustin Schwenk, Jordi Salvador, Luca Weihs, Oscar Michel, Eli VanderBilt, Ludwig
Schmidt, Kiana Ehsani, Aniruddha Kembhavi, and Ali Farhadi. Objaverse: A universe of anno-
tated 3d objects. In CVPR, 2023.

Junting Dong, Qi Fang, Yudong Guo, Sida Peng, Qing Shuai, Xiaowei Zhou, and Hujun Bao. To-
talselfscan: Learning full-body avatars from self-portrait videos of faces, hands, and bodies. Ad-
vances in Neural Information Processing Systems, 35:13654—13667, 2022.

Junting Dong, Qi Fang, Zehuan Huang, Xudong Xu, Jingbo Wang, Sida Peng, and Bo Dai. Tela:
Text to layer-wise 3d clothed human generation. arXiv preprint arXiv:2404.16748, 2024.

Yao Feng, Jinlong Yang, Marc Pollefeys, Michael J. Black, and Timo Bolkart. Capturing and ani-
mation of body and clothing from monocular video. SIGGRAPH Asia 2022 Conference Papers,
2022.

Jonathan Ho, Ajay Jain, and Pieter Abbeel. Denoising diffusion probabilistic models. In NeurIPS,
2020.

Yicong Hong, Kai Zhang, Jiuxiang Gu, Sai Bi, Yang Zhou, Difan Liu, Feng Liu, Kalyan Sunkavalli,
Trung Bui, and Hao Tan. Lrm: Large reconstruction model for single image to 3d. arXiv preprint
arXiv:2311.04400, 2023.

Shoukang Hu, Fangzhou Hong, Tao Hu, Liang Pan, Haiyi Mei, Weiye Xiao, Lei Yang, and Zi-
wei Liu. Humanliff: Layer-wise 3d human generation with diffusion model. arXiv preprint
arXiv:2308.09712, 2023.

Yukun Huang, Jianan Wang, Yukai Shi, Xianbiao Qi, Zheng-Jun Zha, and Lei Zhang. Dream-
time: An improved optimization strategy for text-to-3d content creation. arXiv preprint
arXiv:2306.12422, 2023a.

Zehuan Huang, Hao Wen, Junting Dong, Yaohui Wang, Yangguang Li, Xinyuan Chen, Yan-Pei
Cao, Ding Liang, Yu Qiao, Bo Dai, et al. Epidiff: Enhancing multi-view synthesis via localized
epipolar-constrained diffusion. arXiv preprint arXiv:2312.06725, 2023b.

Boyi Jiang, Juyong Zhang, Yang Hong, Jinhao Luo, Ligang Liu, and Hujun Bao. Bcnet: Learning
body and cloth shape from a single image. In European Conference on Computer Vision. Springer,
2020.

Heewoo Jun and Alex Nichol. Shap-e: Generating conditional 3d implicit functions. arXiv preprint
arXiv:2305.02463, 2023.

Bernhard Kerbl, Georgios Kopanas, Thomas Leimkiihler, and George Drettakis. 3d gaussian splat-
ting for real-time radiance field rendering. ACM Transactions on Graphics, 42(4):1-14, 2023.

Taeksoo Kim, Byungjun Kim, Shunsuke Saito, and Hanbyul Joo. Gala: Generating animatable
layered assets from a single scan, 2024.

Yuhan Li, Yishun Dou, Yue Shi, Yu Lei, Xuanhong Chen, Yi Zhang, Peng Zhou, and Bingbing Ni.
Focaldreamer: Text-driven 3d editing via focal-fusion assembly, 2023.

Chen-Hsuan Lin, Jun Gao, Luming Tang, Towaki Takikawa, Xiaohui Zeng, Xun Huang, Karsten
Kreis, Sanja Fidler, Ming-Yu Liu, and Tsung-Yi Lin. Magic3d: High-resolution text-to-3d content
creation. In CVPR, 2023.

11



Under review as a conference paper at ICLR 2025

Minghua Liu, Chao Xu, Haian Jin, Linghao Chen, Zexiang Xu, and Hao Su. One-2-3-45:
Any single image to 3d mesh in 45 seconds without per-shape optimization. arXiv preprint
arXiv:2306.16928, 2023a.

Ruoshi Liu, Rundi Wu, Basile Van Hoorick, Pavel Tokmakov, Sergey Zakharov, and Carl Vondrick.
Zero-1-to-3: Zero-shot one image to 3d object, 2023b.

Yuan Liu, Cheng Lin, Zijiao Zeng, Xiaoxiao Long, Lingjie Liu, Taku Komura, and Wenping Wang.
Syncdreamer: Generating multiview-consistent images from a single-view image. arXiv preprint
arXiv:2309.03453, 2023c.

Xiaoxiao Long, Yuan-Chen Guo, Cheng Lin, Yuan Liu, Zhiyang Dou, Lingjie Liu, Yuexin Ma,
Song-Hai Zhang, Marc Habermann, Christian Theobalt, et al. Wonder3d: Single image to 3d
using cross-domain diffusion. arXiv preprint arXiv:2310.15008, 2023.

Qianli Ma, Jinlong Yang, Anurag Ranjan, Sergi Pujades, Gerard Pons-Moll, Siyu Tang, and
Michael J Black. Learning to dress 3d people in generative clothing. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 6469-6478, 2020.

Luke Melas-Kyriazi, Iro Laina, Christian Rupprecht, and Andrea Vedaldi. Realfusion: 360deg
reconstruction of any object from a single image. In CVPR, 2023.

Lars Mescheder, Michael Oechsle, Michael Niemeyer, Sebastian Nowozin, and Andreas Geiger. Oc-
cupancy networks: Learning 3d reconstruction in function space. In Proceedings of the IEEE/CVF
conference on computer vision and pattern recognition, pp. 4460-4470, 2019.

Ben Mildenhall, Pratul P. Srinivasan, Matthew Tancik, Jonathan T. Barron, Ravi Ramamoorthi, and
Ren Ng. Nerf: Representing scenes as neural radiance fields for view synthesis. In ECCV, 2020.

Gyeongsik Moon, Hyeongjin Nam, Takaaki Shiratori, and Kyoung Mu Lee. 3d clothed human
reconstruction in the wild. In European conference on computer vision, pp. 184-200. Springer,
2022.

Alex Nichol, Heewoo Jun, Prafulla Dhariwal, Pamela Mishkin, and Mark Chen. Point-e: A system
for generating 3d point clouds from complex prompts. arXiv preprint arXiv:2212.08751, 2022.

Jeong Joon Park, Peter Florence, Julian Straub, Richard Newcombe, and Steven Lovegrove.
Deepsdf: Learning continuous signed distance functions for shape representation. In Proceedings
of the IEEE/CVF conference on computer vision and pattern recognition, pp. 165-174, 2019.

Hao-Yang Peng, Jia-Peng Zhang, Meng-Hao Guo, Yan-Pei Cao, and Shi-Min Hu. Charactergen:
Efficient 3d character generation from single images with multi-view pose canonicalization. arXiv
preprint arXiv:2402.17214, 2024.

Sida Peng, Junting Dong, Qiangian Wang, Shangzhan Zhang, Qing Shuai, Xiaowei Zhou, and Hujun
Bao. Animatable neural radiance fields for modeling dynamic human bodies. In ICCV, 2021a.

Sida Peng, Yuanqing Zhang, Yinghao Xu, Qianqian Wang, Qing Shuai, Hujun Bao, and Xiaowei
Zhou. Neural body: Implicit neural representations with structured latent codes for novel view
synthesis of dynamic humans. In CVPR, 2021b.

Gerard Pons-Moll, Sergi Pujades, Sonny Hu, and Michael J. Black. Clothcap: seamless 4d clothing
capture and retargeting. ACM Trans. Graph., 36:73:1-73:15, 2017.

Ben Poole, Ajay Jain, Jonathan T Barron, and Ben Mildenhall. Dreamfusion: Text-to-3d using 2d
diffusion. In ICLR, 2023.

Guocheng Qian, Jinjie Mai, Abdullah Hamdi, Jian Ren, Aliaksandr Siarohin, Bing Li, Hsin-
Ying Lee, Ivan Skorokhodov, Peter Wonka, Sergey Tulyakov, et al. Magicl123: One image
to high-quality 3d object generation using both 2d and 3d diffusion priors. arXiv preprint
arXiv:2306.17843, 2023.

Zhiyin Qian, Shaofei Wang, Marko Mihajlovic, Andreas Geiger, and Siyu Tang. 3dgs-avatar: Ani-
matable avatars via deformable 3d gaussian splatting. 2024.

12



Under review as a conference paper at ICLR 2025

Alec Radford, Jong Wook Kim, Chris Hallacy, Aditya Ramesh, Gabriel Goh, Sandhini Agarwal,
Girish Sastry, Amanda Askell, Pamela Mishkin, Jack Clark, et al. Learning transferable visual
models from natural language supervision. In ICML, 2021.

Amit Raj, Srinivas Kaza, Ben Poole, Michael Niemeyer, Nataniel Ruiz, Ben Mildenhall, Shiran
Zada, Kfir Aberman, Michael Rubinstein, Jonathan Barron, et al. Dreambooth3d: Subject-driven
text-to-3d generation. arXiv preprint arXiv:2303.13508, 2023.

Robin Rombach, Andreas Blattmann, Dominik Lorenz, Patrick Esser, and Bjorn Ommer. High-
resolution image synthesis with latent diffusion models. In CVPR, 2022.

Shunsuke Saito, Zeng Huang, Ryota Natsume, Shigeo Morishima, Angjoo Kanazawa, and Hao Li.
Pifu: Pixel-aligned implicit function for high-resolution clothed human digitization. In ICCV,
2019.

Shunsuke Saito, Jinlong Yang, Qianli Ma, and Michael J Black. Scanimate: Weakly supervised
learning of skinned clothed avatar networks. In CVPR, 2021.

Hoigi Seo, Hayeon Kim, Gwanghyun Kim, and Se Young Chun. Ditto-nerf: Diffusion-based itera-
tive text to omni-directional 3d model. arXiv preprint arXiv:2304.02827, 2023a.

Junyoung Seo, Wooseok Jang, Min-Seop Kwak, Jachoon Ko, Hyeonsu Kim, Junho Kim, Jin-Hwa
Kim, Jiyoung Lee, and Seungryong Kim. Let 2d diffusion model know 3d-consistency for robust
text-to-3d generation. arXiv preprint arXiv:2303.07937, 2023b.

Qiuhong Shen, Xingyi Yang, and Xinchao Wang. Anything-3d: Towards single-view anything
reconstruction in the wild. arXiv preprint arXiv:2304.10261, 2023.

Yichun Shi, Peng Wang, Jianglong Ye, Mai Long, Kejie Li, and Xiao Yang. Mvdream: Multi-view
diffusion for 3d generation. arXiv preprint arXiv:2308.16512, 2023.

Jascha Sohl-Dickstein, Eric Weiss, Niru Maheswaranathan, and Surya Ganguli. Deep unsupervised
learning using nonequilibrium thermodynamics. In ICML, 2015.

Jiaxiang Tang, Zhaoxi Chen, Xiaokang Chen, Tengfei Wang, Gang Zeng, and Ziwei Liu. Lgm:
Large multi-view gaussian model for high-resolution 3d content creation. arXiv preprint
arXiv:2402.05054, 2024.

Junshu Tang, Tengfei Wang, Bo Zhang, Ting Zhang, Ran Yi, Lizhuang Ma, and Dong Chen. Make-
it-3d: High-fidelity 3d creation from a single image with diffusion prior. In /CCV, 2023.

Garvita Tiwari, Nikolaos Sarafianos, Tony Tung, and Gerard Pons-Moll. Neural-gif: Neural gen-
eralized implicit functions for animating people in clothing. In Proceedings of the IEEE/CVF
International Conference on Computer Vision, pp. 11708-11718, 2021.

Christina Tsalicoglou, Fabian Manhardt, Alessio Tonioni, Michael Niemeyer, and Federico Tombari.
Textmesh: Generation of realistic 3d meshes from text prompts. arXiv preprint arXiv:2304.12439,
2023.

VRoid. Vroid hub. 2022.

Jionghao Wang, Yuan Liu, Zhiyang Dou, Zhengming Yu, Yongqing Liang, Xin Li, Wenping Wang,
Rong Xie, and Li Song. Disentangled clothed avatar generation from text descriptions. arXiv
preprint arXiv:2312.05295, 2023a.

Peng Wang, Lingjie Liu, Yuan Liu, Christian Theobalt, Taku Komura, and Wenping Wang. Neus:
Learning neural implicit surfaces by volume rendering for multi-view reconstruction. In NeurIPS,
2021a.

Peng Wang, Hao Tan, Sai Bi, Yinghao Xu, Fujun Luan, Kalyan Sunkavalli, Wenping Wang, Zexi-

ang Xu, and Kai Zhang. Pf-Irm: Pose-free large reconstruction model for joint pose and shape
prediction. arXiv preprint arXiv:2311.12024, 2023b.

13



Under review as a conference paper at ICLR 2025

Shaofei Wang, Marko Mihajlovic, Qianli Ma, Andreas Geiger, and Siyu Tang. Metaavatar: Learning
animatable clothed human models from few depth images. In Advances in Neural Information
Processing Systems, 2021b.

Tengfei Wang, Bo Zhang, Ting Zhang, Shuyang Gu, Jianmin Bao, Tadas Baltrusaitis, Jingjing Shen,
Dong Chen, Fang Wen, Qifeng Chen, et al. Rodin: A generative model for sculpting 3d digital
avatars using diffusion. In CVPR, 2023c.

Zhengyi Wang, Cheng Lu, Yikai Wang, Fan Bao, Chongxuan Li, Hang Su, and Jun Zhu. Prolific-
dreamer: High-fidelity and diverse text-to-3d generation with variational score distillation. arXiv
preprint arXiv:2305.16213, 2023d.

Yuliang Xiu, Jinlong Yang, Dimitrios Tzionas, and Michael J Black. Icon: Implicit clothed hu-
mans obtained from normals. In 2022 IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR), pp. 13286-13296. IEEE, 2022.

Dejia Xu, Yifan Jiang, Peihao Wang, Zhiwen Fan, Yi Wang, and Zhangyang Wang. Neurallift-360:
Lifting an in-the-wild 2d photo to a 3d object with 360 views. arXiv e-prints, pp. arXiv—2211,
2022.

Yuelang Xu, Benwang Chen, Zhe Li, Hongwen Zhang, Lizhen Wang, Zerong Zheng, and Yebin Liu.
Gaussian head avatar: Ultra high-fidelity head avatar via dynamic gaussians. In Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), 2024.

Chaohui Yu, Qiang Zhou, Jingliang Li, Zhe Zhang, Zhibin Wang, and Fan Wang. Points-to-3d:
Bridging the gap between sparse points and shape-controllable text-to-3d generation. arXiv
preprint arXiv:2307.13908, 2023.

Tao Yu, Zerong Zheng, Kaiwen Guo, Jianhui Zhao, Qionghai Dai, Hao Li, Gerard Pons-Moll, and
Yebin Liu. Doublefusion: Real-time capture of human performances with inner body shapes from
a single depth sensor. 2018 IEEE/CVF Conference on Computer Vision and Pattern Recognition,
pp. 7287-7296, 2018a.

Tao Yu, Zerong Zheng, Kaiwen Guo, Jianhui Zhao, Qionghai Dai, Hao Li, Gerard Pons-Moll, and
Yebin Liu. Doublefusion: Real-time capture of human performances with inner body shapes from
a single depth sensor. In CVPR, 2018b.

Tao Yu, Zerong Zheng, Yuan Zhong, Jianhui Zhao, Qionghai Dai, Gerard Pons-Moll, and Yebin
Liu. Simulcap : Single-view human performance capture with cloth simulation. 2019 IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR), pp. 5499-5509, 2019.

Xiaohui Zeng, Arash Vahdat, Francis Williams, Zan Gojcic, Or Litany, Sanja Fidler, and Karsten
Kreis. Lion: Latent point diffusion models for 3d shape generation. In NeurIPS, 2022.

Hao Zhang, Yao Feng, Peter Kulits, Yandong Wen, Justus Thies, and Michael J Black. Text-guided
generation and editing of compositional 3d avatars. arXiv preprint arXiv:2309.07125, 2023.

Richard Zhang, Phillip Isola, Alexei A Efros, Eli Shechtman, and Oliver Wang. The unreasonable
effectiveness of deep features as a perceptual metric. In CVPR, 2018.

Joseph Zhu and Peiye Zhuang. Hifa: High-fidelity text-to-3d with advanced diffusion guidance.
arXiv preprint arXiv:2305.18766, 2023.

Wojciech Zielonka, Timur Bagautdinov, Shunsuke Saito, Michael Zollhofer, Justus Thies, and Javier
Romero. Drivable 3d gaussian avatars. 2023.

6 APPENDIX

In this appendix, we provide more details.

In the first part, we show some examples of our dataset. Our dataset expanded to encompass more
than 110,000 character models with unique clothing. The dataset includes a diverse range of clothing
and shoe types, which can be used for tasks such as garment generation and editing.
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Note that we also include a short video showcasing the qualitative results of our pipeline in the
Supplemental Material.

In the second part, we provide details about the animation. While the primary focus of this paper is
on clothing-disentangled generation, we have implemented a straightforward animation pipeline to
animate the generated 3D characters. Specifically, we begin by using OpenPose |Cao et al.| (2019)
to estimate the 2D human poses from the generated multi-view images of the 3D character. Subse-
quently, we fit a parametric human model (SMPL |Bogo et al.|(2016))) to these estimated multi-view
2D poses. To animate the reconstructed 3D Gaussian characters, we identify the closest vertex on the
SMPL model for each Gaussian point and utilize the corresponding skinning weight of that vertex
for animation. Finally, we animate the 3D Gaussian characters using the SMPL motion parameters.
Exploring more sophisticated animation methods will be a focus of our future research.

In the third part, we provide the details of the experiments. Following previous works |[Long et al.
(2023));/Shi et al.|(2023)), we use 256x256 resolution for both generated disentangled 2D cloth images
and multi-view images. The combination condition is a predefined constant matrix, which matches
the shape of the disentangled images and has all its values set to 128. This matrix serves as a
guide for the combination of different parts in the diffusion model. The total number of generated
images is calculated as (Npqgrt + 1) % Nyjew, Where Ny, represents the number of parts, and Nyiey
represents the number of views. The additional one denotes the generated multi-view images of
the combined character. The additional term accounts for the generated multi-view images of the
combined character. In our specific setup, with Npury = 4 and Ny, = 4, we produce a total
of 20 images. The number of body parts, being four, is fixed throughout our experiments. The
optimization process of Section [3.3]typically takes around 2 minutes.
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