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Figure 1. Example results of Amodal3R. Given partially visible objects within images (occluded regions are shown in black, visible areas
in red outlines), our Amodal3R generates diverse semantically meaningful 3D assets with reasonable geometry and plausible appearance.
We sample multiple times to get diverse results from the same occluded input. Trained on synthetic datasets, it generalizes well to out-of-
domain test examples from real scenes, where most objects are partially visible, and reconstructs reasonable 3D assets.

Abstract
Most existing image-to-3D models assume that objects

are fully visible, ignoring occlusions that commonly oc-
cur in real-world scenarios. In this paper, we introduce
Amodal3R, a conditional image-to-3D model designed to
reconstruct plausible 3D geometry and appearance from
partial observations. We extend a “foundation” 3D genera-
tor by introducing a visible mask-weighted attention mecha-
nism and an occlusion-aware attention layer that explicitly
leverage visible and occlusion priors to guide the recon-
struction process. We demonstrate that, by training solely
on synthetic data, Amodal3R learns to recover full 3D ob-
jects even in the presence of occlusions in real scenes. It
substantially outperforms state-of-the-art methods that in-
dependently perform 2D amodal completion followed by 3D
reconstruction, thereby establishing a new benchmark for
occlusion-aware 3D reconstruction.

†Project Lead.

1. Introduction

Humans possess a remarkable ability to infer the complete
3D shape and appearance of objects from single views,
even when those objects are partly hidden behind occlud-
ers. This ability, known as amodal completion, is key
to operating in complex real-world environments, where
objects are often partially occluded by surrounding clut-
ter. However, existing image-based 3D reconstruction mod-
els [5, 6, 23, 41, 47, 48, 65, 70, 71, 75, 77, 80, 88, 89] fail to
recover full 3D assets when the object is partially occluded.
We thus consider the problem of reconstructing 3D objects
from one or more partially occluded views, a novel task that
we call amodal 3D reconstruction.

Amodal 3D reconstruction is a challenging task that re-
quires reconstructing an object’s photorealistic 3D geome-
try and appearance, including the occluded regions, which
are inherently ambiguous. Previous approaches [7, 54] typ-
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ically decompose the task into a two-stage pipeline: first
performing 2D amodal completion [85, 86, 91], followed
by conventional 3D reconstruction [41, 75, 89]. While these
two-stage pipelines are straightforward to implement, they
have some drawbacks. First, 2D amodal completion meth-
ods rely predominantly on appearance-only priors, without
incorporating explicit information on the 3D structure. This
lack of 3D geometric reasoning limits their ability to gen-
erate physically plausible completions. Second, some 3D
reconstruction methods depend on, or benefit from, multi-
view inputs. In this case, 2D amodal completion may lack
multi-view consistency, particularly when performed inde-
pendently for different views, which confuses the 3D re-
construction process.

In this paper, we present Amodal3R, a novel single-
stage paradigm for amodal 3D reconstruction that surpasses
previous state-of-the-art approaches. Amodal3R fine-tunes
a pre-trained 3D generator by introducing a dedicated
branch that explicitly models occlusions. Its key advan-
tage is performing reconstruction, completion, and occlu-
sion reasoning directly in a 3D latent space rather than using
a two-stage scheme. With this, the model can reconstruct
both visible and occluded regions of the object coherently
and plausibly. Specifically, we introduce a mask-weighted
cross-attention to highlight visible information, along with
a new occlusion-aware attention layer to guide completion
in occluded areas. Together, these components enable the
model to focus more on the visible parts of the object with-
out significantly perturbing the pre-trained model.

We designed several benchmarks to evaluate the per-
formance of Amodal3R, including object-level Google
Scanned Objects [16] and Toys4K [67] augmented with
occlusions, 3D scenes from Replica [68], and real-world
monocular images. Without relying on additional heuris-
tics, Amodal3R achieves significantly superior performance
compared to state-of-the-art models and generalizes well to
different datasets, including real ones.

In summary, our main contributions are as follows:

• We propose a feed-forward 3D reconstruction model that
directly reconstructs complete and high-quality 3D ob-
jects from one or more partially occluded views.

• We introduce a mask-weighted cross-attention mecha-
nism and an occlusion-aware layer to inject occlusion
awareness into an existing 3D reconstruction model, im-
proving both the geometry and appearance of recon-
structed objects when they are partially occluded.

• We demonstrate, via experiments on the 3D scene
dataset Replica and real-world images, that our one-stage
pipeline significantly outperforms existing two-stage ap-
proaches, establishing a new benchmark for amodal 3D
reconstruction.

2. Background
2D Amodal Completion. Recent advances in 2D amodal
completion [2, 54, 83, 85, 86, 91] have achieved significant
success in reconstructing occluded regions of objects in 2D
images. While these methods show promise for 3D gen-
eration pipelines [2, 54], they still have limitations. First,
2D amodal completion models have limited 3D geometric
priors, as they interpret images as 2D patterns. While they
excel at completing textures, they may generate physically
implausible geometries when handling complex occlusions.
This stems from their lack of explicit 3D reasoning and re-
liance on 2D appearance priors, without true volumetric un-
derstanding. Second, for models that use multi-view images
as input, the results of 2D amodal completion are often in-
consistent across views. Inconsistent views need to be han-
dled by the 3D reconstructors, which causes confusion (see
Sec. 4). Although there has been significant work on multi-
view consistent generation [7, 62, 70, 72, 81, 89, 94], multi-
view consistent completion is less explored. RenderDiffu-
sion [1] contains an example, but the results are often blurry
or lack details. This motivates our 3D-centric reconstruc-
tion framework.
3D Shape Completion. Several methods [12, 14, 69, 95]
start from a partial 3D reconstruction, then complete it in
3D. They use encoder-decoder architectures [24] or vol-
umetric representations [10, 29] to robustly recover 3D
shape, but not texture, which is necessary in many appli-
cations. They also still require recovering the partial 3D ge-
ometry from an occluded image, a challenge in itself. Fur-
thermore, they ignore the input image when completing the
object in 3D, disregarding the occlusion pattern that caused
the 3D geometry to be recovered only partially. Recent
work [11, 82] utilizes the partially visible object as input
specifically for 3D shape completion. However, it focuses
solely on geometry reconstruction, without recovering the
object’s texture and appearance. In contrast, our approach
is end-to-end, recovering the complete 3D shape and ap-
pearance of the object from the occluded image.
3D Generative Models. Early advancements in 3D gener-
ation are based on GANs [19], exploring various 3D repre-
sentations such as point clouds [25, 39], voxel grids [84,
96], view sets [48, 55], NeRF [4, 5, 50, 60], SDF [18],
and 3D Gaussian mixtures [78]. While GANs can capture
complex 3D structures, they struggle with stability, scala-
bility, and data diversity. The focus then shifted to diffu-
sion models [22, 59, 66], which are more capable and ver-
satile. They were first applied to novel view synthesis [76]
in image space, before expanding to model a variety of 3D
representations, including point clouds [44, 45, 49, 79, 93],
voxel grids [37, 46], triplanes [64, 98], meshes [20, 43], and
3D Gaussian mixtures [9, 35, 38, 87]. Autoregressive mod-
els [8, 47, 65] have also been explored for mesh generation,
focusing on improving the topology of the final 3D mesh.
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Figure 2. Overview of Amodal3R. Given an image as input and the regions of interest, Amodal3R first extracts the partially visible
target object, along with the visibility and occlusion masks using an off-the-shelf 2D segmenter. It then applies DINOv2 [53] to extract
features cdino as additional conditioning for the 3D reconstructor. To enhance occlusion reasoning, each transformer block incorporates a
mask-weighted cross-attention (via cvis) and occlusion-aware attention layer (via cocc), ensuring the 3D reconstructor accurately perceives
visible information while effectively inferring occluded parts. For conditioning details, see Sec. 3.1.

An alternative to performing diffusion in 2D image
space [62, 70, 89] is to use 3D latent spaces [28, 51, 58,
63, 74, 80]. Such methods typically consist of two stages:
the first for generating geometry and the second for gen-
erating appearance, and are capable of high-quality image-
to-3D generation. However, they assume that input objects
are fully visible, which limits their application to real-world
scenes, where occlusions are frequent. Here, we extend
such approaches to generate high-quality 3D assets from
occluded input images — a challenging task that requires
inferring complete 3D objects from partial information.

3. Method
Consider an image x containing a partially occluded view
of an object of interest oi. We wish to reconstruct the com-
plete 3D shape and appearance y of the object oi. This task
is conceptually similar to existing image-to-3D reconstruc-
tion, except that here the object is partially occluded instead
of being fully visible in x. We call this problem amodal 3D
reconstruction.

We introduce Amodal3R (Fig. 2), a new method for
amodal 3D reconstruction. Unlike recent two-stage meth-
ods [7, 54] that first perform 2D amodal completion fol-
lowed by 3D reconstruction, Amodal3R is an end-to-end
occlusion-aware 3D reconstruction model that generates
complete geometry and appearance directly within the 3D
space. Formally, Amodal3R is a conditional generator
υθ(y|oi,Mvis,Mocc) that takes as input the image x, cen-
tered on a partially visible object oi, as well as the visibility

mask Mvis and occlusion mask Mocc. The visibility mask
Mvis highlights the pixels in x that correspond to object oi,
while Mocc marks the pixels occupied by occluders, i.e., all
other objects that potentially obscure oi. For real images,
these masks can be efficiently obtained using pre-trained
2D segmentation models like Segment Anything [34]. By
providing point coordinate prompts for the object of interest
oi and its occluders, the segmentation model can generate
the corresponding masks. In cases where multiple occluders
are present, or when occluders fragment the visible area of
the target object, a sequential process is employed. Specif-
ically, point prompts for each visible/occluding region are
provided to the 2D segmenter one at a time, with the model
generating an individual mask for each region. These masks
are then aggregated to form comprehensive visibility and
occlusion masks.

The challenges for Amodal3R are how to: (1) produce a
plausible and complete 3D shape and appearance from par-
tial observations, even in the absence of multi-view infor-
mation; and (2) ensure 3D consistency in terms of geometry
and photometry, maintaining seamless visual coherence be-
tween visible and generated regions.

3.1. Mask-Conditional Generative Models

To fine-tune an image-to-3D model for partially occluded
inputs, the key change is to condition the transformer υθ
not only on the object of interest oi, but also on the visibility
and occlusion masks, i.e., Mvis and Mocc. A naı̈ve approach
is to patchify or embed the masks into tokens (cvis, cocc),
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Figure 3. The transformer structure of Amodal3R. Compared
with the original TRELLIS [80] design, we further introduce the
mask-weighted cross-attention and occlusion-aware layer. It ap-
plies to both sparse structure and SLAT diffusion models.

which can be concatenated to the image tokens cdino and
processed by cross-attention as before. However, the RGB
oi contains significantly more information than the binary
masks Mvis and Mocc. The transformer, which is initially
trained with RGB only, may simply ignore the mask infor-
mation. This is compounded by the fact that learning to use
this new information, which involves a new type of token
that is incompatible with image tokens, may require aggres-
sive fine-tuning of the transformer.

To sidestep this problem, inspired by masked attention
approaches in 2D completion [92], we introduce mask-
weighted cross-attention and an occlusion-aware attention
layer to better utilize the visibility mask Mvis and the oc-
clusion mask Mocc without disrupting the pre-trained 3D
generator. These are described next.
Mask-weighted Cross-Attention. A key novel component
of Amodal3R is mask-weighted cross-attention, which al-
lows the model to focus its attention on the visible parts of
the object. We implement this mechanism in each attention
block in the transformers υθ of a pre-trained 3D generator.
Given the latent tokens ℓ ∈ RL×C input to a cross-attention
layer as well as the image features cdino ∈ RK×C′

of the
partially visible object, cross-attention computes the simi-
larity score matrix via

q = Wqℓ, [k,v] = Wkvcdino, S = qk⊤/
√
D, (1)

where Wq and Wkv are learnable projections that map the
latents ℓ to the query q, and the conditioning image feature
cdino to the key k and the value v, respectively, while D is
the dimension of the query and key vectors.

We wish to bias the token similarity matrix S ∈ RL×K

towards the visible parts of the object. Recall that K

Figure 4. 3D-consistent mask example. Given a 3D mesh, we
render selected triangles in a distinct color from the others to
generate multi-view consistent masks. It allows the evaluation of
multi-view methods in handling contact occlusion. (The occluded
regions are shown in red.)

is the number of tokens cdino extracted by DINOv2 [52]
from the occluded image x · Mvis. Each token thus cor-
responds to a P × P patch in the input image (where
P = 14). We extract analogous flattened 1-D tokens
cvis = [ρ(Mvis,1), . . . , ρ(Mvis,K)] from the visibility mask
by calculating the fraction of P × P pixels that are visible
in the j-th image patch Mvis,j . cvis,j = ρ(Mvis,j) ∈ [0, 1].
We then use these quantities to bias the computation of the
attention matrix A = softmax(S + log cvis) ∈ [0, 1]L×M

via broadcasting. Hence:

Aij =
cvis,j exp(Sij)∑K

k=1 cvis,k exp(Sik)
. (2)

In this manner, the visibility flag modulates the attention
matrix A smoothly. If there are no visible pixels in a patch
j, then Aij = 0, so the corresponding image tokens are
skipped in cross-attention. While we have illustrated how
this works for a single head, in practice Amodal3R uses a
multi-head transformer, to which Eq. (2) extends trivially.
Please see the supplementary materials for more details.
Occlusion-aware Attention Layer. To prevent the net-
work from arbitrarily extending the geometry beyond the
occluded regions, we further introduce an occlusion-aware
attention layer. The key insight is that specifying only visi-
ble information is insufficient; it is equally important to dis-
tinguish foreground occluders from the background, as this
explicitly identifies the potential regions requiring comple-
tion. Namely, when a pixel is marked as invisible in the
mask Mvis, this might be (i) because there is an occluder in
front of that pixel (so the pixel could plausibly belong to the
object of interest if the occlusion were removed), or (ii) be-
cause the pixel is entirely off the object. This information
is encoded by the mask Mocc.

To help the model distinguish between visible, occluded,
and background areas, we add one more cross-attention
layer placed immediately after the mask-weighted cross-
attention layer, and pool solely the occlusion mask Mocc.
We encode the occlusion mask Mocc as a sequence of flat-
tened 1-D tokens cocc = [ρ(Mocc,1), . . . , ρ(Mocc,M )], and
then simply pool cocc using a cross-attention layer.



3.2. Simulating Occluded 3D Data
To train and evaluate our model, we require a dataset of 3D
assets imaged in scenarios with clutter and occlusions. We
curated a large synthetic 3D dataset to train our model, as
collecting such 3D assets in the real world is challenging.
Random 2D Occlusions. Each training sample
(o, x,Mvis,Mocc) consists of a 3D object o (from which
ground truth latents can be obtained by using the encoders
of Appendix A.1), an image x with partial occlusions,
and corresponding visibility and occlusion masks Mvis
and Mocc. In a real scenario, occlusions arise from other
objects in the scene. In a multi-view setting, like the one
discussed below, these occlusions must be consistent across
views, reflecting the underlying scene geometry. However,
because our model is trained for single-view reconstruction,
we can simulate occlusions by randomly masking parts
of the object after rendering it in 2D. This is simpler and
allows us to generate fresh occlusion patterns each time a
view is sampled for training.

Thus, given o and an image x rendered from a random
viewpoint, we generate random occlusion masks as follows.
Inspired by work on 2D completion [26, 40, 56, 90, 92],
we randomly place lines, ellipses, and rectangles, simulat-
ing diverse masking patterns. The union of these random
shapes gives us the occlusion mask Mocc. Then, if Mobj is
the mask of the unoccluded object, the visible mask is given
by Mvis = Mobj ⊙ (1 − Mocc). Examples of such patterns
are given in the supplementary material.
3D-consistent Occlusions. In a real scene imaged from
multiple views, occlusions are not random but geometri-
cally consistent across different viewpoints, as they result
from other objects. This is especially true for contact oc-
clusions, where parts of an object remain occluded by other
objects from all viewpoints. To evaluate the model’s per-
formance under such challenging conditions, 3D-consistent
masks are required.

To efficiently generate such contact occlusion masks, we
leverage 3D meshes during rendering. Starting from a ran-
domly chosen triangle, we apply a random-walk strategy
to iteratively select neighboring triangles, forming continu-
ous occluded regions until the predefined mask ratio is met.
By rendering these masked meshes using the same camera
parameters as the RGB images, we ensure multi-view con-
sistency in the generated occlusion masks (see Fig. 4).

3.3. Reconstruction with Multi-view Input
Since our flow-based model performs multiple denoising
steps and does not require known camera poses for input
views, Amodal3R can benefit from multi-view reference im-
ages X = {xi}Ni=1 as conditioning inputs at different steps
of the denoising process. While multi-view conditioning
naturally improves reconstruction performance, a potential
issue is that an image used earlier in the denoising process

has a stronger influence on the final 3D geometry. This is
because early denoising steps establish the coarse geometry,
whereas later steps refine higher-frequency details [32, 33].
Therefore, we prioritize input images based on their vis-
ibility. Specifically, when experimenting with multi-view
inputs, we sort the images in proportion to the object visi-
bility |Mvis|, ensuring that images with higher visibility are
used as primary inputs.

4. Experiments

4.1. Experiment Settings

Datasets. Amodal3R is trained on a combination of 3D
synthetic datasets: 3D-FUTURE (9,472 objects [17]), ABO
(4,485 objects [13]), and HSSD (6,670 objects [31]). Once
trained, we first assessed its effectiveness on Toys4K (ran-
domly sampling 1,500 objects [67]) and Google Scanned
Objects (GSO) (1,030 objects [16]), which were excluded
from the training data for both our model and the baselines.
During inference, a 3D-consistent mask occludes each in-
put object, and each view is augmented with additional ran-
domly generated occlusion areas. This ensures that the
model cannot simply extract the region to be completed
from the occlusion masks. To further assess out-of-domain
generalization in practical applications, we also evaluated
all models on the 3D scene dataset Replica [68] as well as
on in-the-wild images.
Metrics. To measure the quality of the rendered images,
we use the Fréchet Inception Distance (FID) [21] and the
Kernel Inception Distance (KID) [3]. To assess the qual-
ity of the reconstructed 3D geometry, we use the Coverage
Score (COV), the Point cloud FID (P-FID) [49], and the
Minimum Matching Distance (MMD) using the Chamfer
Distance (CD). COV measures the diversity of the results,
while P-FID and MMD measure the quality of the 3D re-
construction. We also use the CLIP score [57] to evaluate
the consistency between each generated and ground-truth
object pair.
Baselines. Most image-to-3D generators are trained on
fully visible inputs. To ensure fair comparison, we com-
pleted the partially visible 2D objects before passing them
to 3D generators. In particular, we use pix2gestalt [54], a
state-of-the-art 2D amodal completion network. Using this
protocol, we compared Amodal3R to state-of-the-art meth-
ods such as TRELLIS [80], Real3D [27], GaussianAny-
thing [36]ICLR’25, and LaRa [6]ECCV’24.
Implementation Details. Amodal3R is trained on 4 A100
GPUs (40G) for 20K steps with a batch size of 16, taking
approximately one day. We select TRELLIS [80] as un-
derlying model because it is the latest 3D generator and is
publicly available. However, our method is not specific to
this model.



Method V-num 2D-Comp Appearance Geometry

FID ↓ KID(%) ↓ CLIP ↑ P-FID ↓ COV(%) ↑ MMD(‰) ↓
GaussianAnything [36] 1 pix2gestalt [54] 92.26 1.30 0.74 34.69 35.92 5.03
Real3D [27] 1 pix2gestalt [54] 91.21 2.02 0.75 23.92 19.61 9.21
TRELLIS [80] 1 pix2gestalt [54] 58.82 5.87 0.76 26.43 31.65 4.17
Amodal3R (Ours) 1 — 30.64 0.35 0.81 7.69 39.61 3.62

LaRa [6] 4 pix2gestalt [54] 172.84 4.54 0.70 66.34 24.56 8.11
LaRa [6] 4 pix2gestalt [54]+MV 97.53 2.63 0.75 21.80 26.21 8.61
TRELLIS [80] 4 pix2gestalt [54] 65.69 6.92 0.78 24.64 32.33 4.26
TRELLIS [80] 4 pix2gestalt [54]+MV 60.37 1.85 0.83 19.68 31.75 4.21
Amodal3R (Ours) 4 — 26.27 0.22 0.84 5.03 38.74 3.61

Table 1. Amodal 3D reconstruction results on GSO [16]. Here, V-num denotes the number of input views, and 2D-Comp refers to the
2D completion method. For single-view image-to-3D, we first complete occluded objects using pix2gestalt [54] before passing them to
various 3D models. For multi-view image-to-3D, we adopt two variants: (1) pix2gestalt [54] is applied independently on each view; (2)
pix2gestalt [54] + MV: a single-view completion is generated first, followed by multi-view diffusion [61] to synthesize 4 views as inputs.
Without bells and whistles, Amodal3R consistently outperforms state-of-the-art models across all evaluation metrics.

Method V-num 2D-Comp Appearance Geometry

FID ↓ KID(%) ↓ CLIP ↑ P-FID ↓ COV(%) ↑ MMD(‰) ↓
GaussianAnything [36] 1 pix2gestalt [54] 57.17 1.22 0.80 21.97 33.56 7.23
Real3D [27] 1 pix2gestalt [54] 59.92 1.63 0.79 23.31 24.35 9.53
TRELLIS [80] 1 pix2gestalt [54] 43.05 6.83 0.80 26.04 26.28 6.87
Amodal3R (Ours) 1 — 23.45 0.42 0.83 5.00 37.09 5.89

LaRa [6] 4 pix2gestalt [54] 123.52 3.61 0.75 45.91 27.89 9.67
LaRa [6] 4 pix2gestalt [54]+MV 75.33 4.14 0.80 13.00 24.82 10.93
TRELLIS [80] 4 pix2gestalt [54] 46.34 8.77 0.81 28.76 25.35 7.13
TRELLIS [80] 4 pix2gestalt [54]+MV 43.00 7.53 0.81 24.41 26.55 7.05
Amodal3R (Ours) 4 — 20.93 0.50 0.85 3.78 39.03 5.75

Table 2. Amodal 3D reconstruction results on Toys4K [67]. The experimental setting is the same to Tab. 1, except for the dataset.

Input pix2gestalt [54] GaussianAnything [36] Real3D [27] TRELLIS [80] Amodal3R (Ours)

Figure 5. Single-view amodal 3D reconstruction. The occlusion regions are shown in black and the visible regions are highlighted with
red outlines. More examples are provided in supplementary material Fig. D.4

4.2. Main Results

Quantitative Results. We compare Amodal3R with prior
methods on amodal 3D reconstruction in Tabs. 1 and 2.
Amodal3R significantly outperforms the baselines across
all metrics in both single- and multi-view settings, demon-
strating its effectiveness. Notably, two-stage methods us-
ing multiple views (“4 V-num + pix2gestalt”) perform
worse than their single-view counterparts (“1 V-num +
pix2gestalt”). This shows that inconsistent 2D completion

degrades 3D reconstruction (Sec. 2). In contrast, Amodal3R
avoids this issue by operating directly in 3D space and ben-
efits from additional occluded views as expected.

Qualitative Results. Qualitative results are shown in
Figs. 5 and 6 and in the supplementary material Figs. D.4
and D.5. For all baselines, pix2gestalt is first applied for 2D
amodal completion (second column), and the corresponding
completed images are passed to each baseline image-to-3D
generator. Amodal3R consistently produces high-quality
3D assets under both single- and multi-view settings, even



Input pix2gestalt [54] LaRa [6] TRELLIS [80] Amodal3R (Ours)

Figure 6. Multi-view amodal 3D reconstruction. The above results are reconstructed using 4 occluded input views. Due to limited space,
we present only the best results for LaRa and TRELLIS under the ”pix2gestalt+MV” setting. We apply 3d-consistent mask and random
extended occlusion areas. More examples are provided in supplementary material Fig. D.5.
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Figure 7. Ablation examples. Naive concatenation fails to recon-
struct complete shape and appearance. Mask-weighted attention
alone extends geometry into background regions, while occlusion-
aware attention alone cannot guarantee photorealistic appearance.

in challenging scenarios. In contrast, 2D completion incon-
sistencies accumulate as more views are added, especially
when pix2gestalt is more uncertain, confusing the down-
stream reconstructor models. For instance, in the giraffe ex-
ample in Fig. 5, the pix2gestalt completion fails to capture
the overall structure of the 3D object, which in turn leads the
3D generator models to misinterpret it as a woodstick-like
shape. Instead, Amodal3R reconstructs the 3D geometry
and appearance well, maintaining good alignment with the
partially visible inputs. These results underscore the effec-
tiveness of Amodal3R and highlight the benefit of integrat-
ing occlusion reasoning directly in 3D space, eliminating
the reliance on separate, potentially inconsistent, 2D com-
pletion stages.

4.3. Ablation Study

We conducted several ablations to study the impact of the
different components of Amodal3R and report the results in
Tab. 3 and Fig. 7. For these experiments, we test single-
view image-to-3D reconstruction on the GSO dataset.
Naive Conditioning. We first evaluated a version of the
model that still conditions the reconstruction on the visibil-
ity and occlusion masks, but without using the modules of
Sec. 3.1. Instead, we directly concatenate the tokens cvis

Method Appearance Geometry

FID ↓ KID(%) ↓ COV(%) ↑ MMD(‰) ↓
naive conditioning 31.96 0.49 37.96 3.61
w/ only mask-weighted attention 30.53 0.38 36.90 3.69
w/ only occlusion-aware layer 31.77 0.57 40.19 3.51
full model (Ours) 30.64 0.35 39.61 3.62

Table 3. Ablations on different mask conditioning designs.

to cdino to form the condition for the cross-attention layer.
The results (first row in Tab. 3 and second column in Fig. 7)
show that, while the resulting model can still perform basic
completion, the textures in the occluded regions are incon-
sistent with those in the visible ones, and the reconstructed
geometry is inaccurate, e.g. the hole in the shoe.
Mask-weighted Attention. To evaluate the effectiveness
of our proposed mask-weighted attention mechanism, we
integrate it into the training while omitting the occlusion-
aware layer. The results demonstrate improved visual qual-
ity, especially in capturing texture details in the visible ar-
eas. However, the geometries exhibit deficiencies, as seen
in the problematic shoe in Fig. 7 (first row), and the toy
monster with a broken back (third row).
Occlusion-aware Layer. The integration of the occlusion-
aware layer improves the geometry both quantitatively and
qualitatively. This aligns with our motivation for intro-
ducing an additional cross-attention layer, aimed at recon-
structing the visible areas via the image-conditioned layer
and occluded areas via the subsequent layer. However, the
occlusion-aware layer alone still results in unsatisfactory
appearances, which again indirectly attests to the effective-
ness of the mask-weighted attention mechanism.
Full Model. Consequently, the full model integrating both
modules achieves optimal 3D generation results character-
ized by complete geometry and consistent textures.

4.4. Real-World Generation / Completion

Amodal3R demonstrates strong generalization to out-of-
domain test examples, primarily because it builds upon
a large-scale pre-trained 3D generator and is fine-tuned
with diverse categories. To demonstrate this advantage,



Occluded input pix2gestalt [54] GaussianAnything [36] Real3D [27] TRELLIS [80] Amodal3R (Ours)

Occluded input Novel views Normal maps

Figure 8. Examples on Replica [68] and in-the-wild images. The target objects and the occluders are shown in red and green outlines.
More examples are provided in supplementary material Figs. D.7 to D.9.

Method P-FID↓ COV(%) ↑ MMD(‰) ↓
GaussianAnything 91.37 61.22 25.00
Real3D 79.55 55.10 18.28
TRELLIS 128.52 59.17 23.95
Amodal3R 61.46 59.18 10.98

Table 4. Quantitative results on the Replica dataset [68].

we conducted scene-level evaluations. Qualitative results
are shown in Fig. 8, which include COCOA [97] (first two
rows), Replica [68] (third and fourth rows), and in-the-wild
images (fifth and sixth rows). Here, we used Segment Any-
thing [34] to obtain the visibility and occlusion masks. The
results show that Amodal3R generates photorealistic 3D as-
sets, whereas pix2gestalt fails to infer complete shapes from
the same inputs, leading to unsatisfactory results from sub-
sequent image-to-3D models. We also visualize the colored
normal maps, which show that the results of Amodal3R are
simultaneously rich in geometric and textural detail.

Quantitative results are presented in Tab. 4. As real-
world datasets with instance 3D amodal annotations for

both geometry and appearance are limited, here we focus
on geometry evaluation by curating a set of 49 completed
3D instances from the Replica scenes. Furthermore, we
used the Umeyama algorithm [73] to match the generated
meshes with the ground truth meshes in terms of scale and
pose. It can be observed that our Amodal3R is still on par
with or better than the baselines on the scene-level dataset.

5. Conclusion
We have introduced Amodal3R, a feed-forward approach to
reconstruct the complete photorealistic 3D assets from par-
tially visible images. The key to our success is that we con-
struct a mask-weighted cross-attention mechanism and an
occlusion-aware layer to effectively exploit visible and oc-
cluded information. Compared to the state-of-the-art meth-
ods that rely on sequential 2D completion followed by 3D
generation, our Amodal3R achieves remarkably better per-
formance by operating directly in 3D space. Furthermore,
results on in-the-wild images indicate its potential for sub-
sequent applications in 3D decomposition, marking a step
towards robust 3D asset reconstruction in real-world envi-
ronments with complex occlusion.
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[3] Mikołaj Bińkowski, Danica J Sutherland, Michael Arbel, and
Arthur Gretton. Demystifying mmd gans. arXiv preprint
arXiv:1801.01401, 2018. 5, 3

[4] Eric R Chan, Marco Monteiro, Petr Kellnhofer, Jiajun Wu,
and Gordon Wetzstein. pi-gan: Periodic implicit generative
adversarial networks for 3d-aware image synthesis. In Pro-
ceedings of the IEEE/CVF conference on computer vision
and pattern recognition (CVPR), pages 5799–5809, 2021. 2

[5] Eric R Chan, Connor Z Lin, Matthew A Chan, Koki Nagano,
Boxiao Pan, Shalini De Mello, Orazio Gallo, Leonidas J
Guibas, Jonathan Tremblay, Sameh Khamis, et al. Effi-
cient geometry-aware 3d generative adversarial networks. In
CVPR, 2022. 1, 2

[6] Anpei Chen, Haofei Xu, Stefano Esposito, Siyu Tang, and
Andreas Geiger. Lara: Efficient large-baseline radiance
fields. In European Conference on Computer Vision, pages
338–355. Springer, 2024. 1, 5, 6, 7

[7] Minghao Chen, Roman Shapovalov, Iro Laina, Tom Mon-
nier, Jianyuan Wang, David Novotny, and Andrea Vedaldi.
Partgen: Part-level 3d generation and reconstruction with
multi-view diffusion models. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR), 2025. 1, 2, 3

[8] Yiwen Chen, Tong He, Di Huang, Weicai Ye, Sijin Chen, Ji-
axiang Tang, Xin Chen, Zhongang Cai, Lei Yang, Gang Yu,
et al. Meshanything: Artist-created mesh generation with au-
toregressive transformers. arXiv preprint arXiv:2406.10163,
2024. 2

[9] Yuedong Chen, Chuanxia Zheng, Haofei Xu, Bohan Zhuang,
Andrea Vedaldi, Tat-Jen Cham, and Jianfei Cai. Mvsplat360:
Feed-forward 360 scene synthesis from sparse views. In
Neural Information Processing Systems (NeurIPS), 2024. 2

[10] Yen-Chi Cheng, Hsin-Ying Lee, Sergey Tulyakov, Alexan-
der G Schwing, and Liang-Yan Gui. Sdfusion: Multimodal
3d shape completion, reconstruction, and generation. In Pro-
ceedings of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition, pages 4456–4465, 2023. 2

[11] Junhyeong Cho, Kim Youwang, Hunmin Yang, and Tae-
Hyun Oh. Robust 3d shape reconstruction in zero-shot from
a single image in the wild. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition
(CVPR), 2025. 2

[12] Ruihang Chu, Enze Xie, Shentong Mo, Zhenguo Li,
Matthias Nießner, Chi-Wing Fu, and Jiaya Jia. Diffcomplete:
Diffusion-based generative 3d shape completion. Advances
in Neural Information Processing Systems, 36, 2024. 2

[13] Jasmine Collins, Shubham Goel, Kenan Deng, Achlesh-
war Luthra, Leon Xu, Erhan Gundogdu, Xi Zhang, Tomas
F Yago Vicente, Thomas Dideriksen, Himanshu Arora, et al.
Abo: Dataset and benchmarks for real-world 3d object un-
derstanding. In Proceedings of the IEEE/CVF conference
on computer vision and pattern recognition, pages 21126–
21136, 2022. 5

[14] Ruikai Cui, Weizhe Liu, Weixuan Sun, Senbo Wang,
Taizhang Shang, Yang Li, Xibin Song, Han Yan, Zhennan
Wu, Shenzhou Chen, et al. Neusdfusion: A spatial-aware
generative model for 3d shape completion, reconstruction,
and generation. In European Conference on Computer Vi-
sion, pages 1–18. Springer, 2024. 2

[15] Matt Deitke, Ruoshi Liu, Matthew Wallingford, Huong Ngo,
Oscar Michel, Aditya Kusupati, Alan Fan, Christian Laforte,
Vikram Voleti, Samir Yitzhak Gadre, et al. Objaverse-xl: A
universe of 10m+ 3d objects. Advances in Neural Informa-
tion Processing Systems, 36, 2024. 3

[16] Laura Downs, Anthony Francis, Nate Koenig, Brandon Kin-
man, Ryan Hickman, Krista Reymann, Thomas B McHugh,
and Vincent Vanhoucke. Google scanned objects: A high-
quality dataset of 3d scanned household items. In 2022 In-
ternational Conference on Robotics and Automation (ICRA),
pages 2553–2560. IEEE, 2022. 2, 5, 6, 3

[17] Huan Fu, Rongfei Jia, Lin Gao, Mingming Gong, Binqiang
Zhao, Steve Maybank, and Dacheng Tao. 3d-future: 3d fur-
niture shape with texture. International Journal of Computer
Vision, 129:3313–3337, 2021. 5

[18] Jun Gao, Tianchang Shen, Zian Wang, Wenzheng Chen,
Kangxue Yin, Daiqing Li, Or Litany, Zan Gojcic, and Sanja
Fidler. Get3d: A generative model of high quality 3d tex-
tured shapes learned from images. Advances In Neural In-
formation Processing Systems, 35:31841–31854, 2022. 2

[19] Ian Goodfellow, Jean Pouget-Abadie, Mehdi Mirza, Bing
Xu, David Warde-Farley, Sherjil Ozair, Aaron Courville, and
Yoshua Bengio. Generative adversarial networks. Commu-
nications of the ACM, 63(11):139–144, 2020. 2

[20] Anchit Gupta, Wenhan Xiong, Yixin Nie, Ian Jones, and Bar-
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A. Implementation Details

A.1. Preliminaries: TRELLIS

We begin by briefly reviewing the TRELLIS [80] model on which our method is based. We chose TRELLIS because it was the
state-of-the-art image-to-3D generator at the time of our study and is publicly available. However, our design is not specific to
this model. TRELLIS is a conditional 3D diffusion model that performs denoising in a sparse 3D latent space. It introduces
a transformer-based variational autoencoder (VAE) (E ,D), where the encoder E maps sparse voxel features to structured
latents z, and the decoder D converts them into desired output representations, including 3D Gaussians [30], radiance fields,
and meshes. A 3D object oi is encoded using its structured latent variables (SLAT) defined as z = {(zi,pi)}Li=1, where
zi ∈ RC is a local latent feature attached to the voxel at position pi ∈ {0, 1, . . . , N − 1}3, N is the spatial resolution of the
grid, and L ≪ N3 is the number of active voxels intersecting the object’s surface. This representation encodes both coarse
geometric structures and fine appearance details by associating local latents with active voxels.

TRELLIS comprises two diffusion models: one to predict the active voxel centers {pi}Li=1 (stage 1) and the other to
recover the corresponding latents {zi}Li=1 (stage 2). Each model can be viewed as a denoising neural network υθ operating
in a latent space ℓ, trained to remove Gaussian noise ϵ ∼ N (0, I) added to the latent code, i.e., ℓ(t) = (1− t)ℓ(0)+ tϵ, where
t ∈ [0, 1] is the noise level [42]. The denoising network υθ is trained to minimize the flow loss:

min
θ

E(ℓ(0),x),t,ϵ∥υθ(ℓ(t), x, t)− (ϵ− ℓ(0))∥22, (A.1)

where x is the conditional input. In stage 1, the latent code is a compressed version of the N ×N ×N occupancy volume,
where the spatial resolution is reduced from N = 64 to r = 16. Hence, the latent vector is a matrix ℓ ∈ RL′×C′

of
L′ = r3 = 4096 C ′-dimensional tokens. In stage 2, the latent code ℓ = {zi}Li=1 ∈ RL×C is a matrix of L C-dimensional
tokens, where L is now the number of active voxels. Similar transformers are implemented for the corresponding denoising
networks υθ (Fig. 3). The conditioning image x is read via cross-attention layers that pool information from the tokens cdino
extracted by DINO [53] from the image x.

Given the active grid {pi}Ki=1, the local latents {zi}Ki=1 for each active voxel are predicted via iterative denoising using
model (A.1), and these are subsequently decoded by the VAE to produce high-fidelity 3D outputs. The active grid {pi}Ki=1 is
obtained in a similar manner, by denoising encoded and compressed versions of the N ×N ×N occupancy volume.

A.2. Network Design

We adopt the network design in TRELLIS [80] to load the pre-trained image-to-3D weights and integrate the mask-weighted
cross-attention mechanism into each DiT block (24 blocks in total). Each image-conditioned cross-attention layer is imme-
diately followed by an occlusion-aware cross-attention layer.
(a) Patchify and weighting of visibility/occlusion mask.The input condition image has a resolution of 512×512, which is
resized to 518×518 to facilitate splitting into patches of size 14×14, as required by DINOv2 [52]. The resulting condition is
then flattened into a tensor cdino ∈ R1374×1024, where the sequence length corresponds to 37×37 patches plus 1 CLS token
and 4 register tokens. To better align the visibility and occlusion masks with the DINOv2 features, we first split the masks
into patches of the same size, then calculate the weight score for each patch using Eq. 4 and Eq. 5. The final cvis ∈ R1374×1

and cocc ∈ R1374×1 are obtained by flattening the weight scores, with a value of 1 assigned to the CLS and register token
positions.
(b) Occlusion-aware cross-attention layer.We set the feature dimension of the occlusion-aware cross-attention layers to
1024, matching that of the image-conditioned cross-attention layers. To maintain consistent dimensions, we replicate the
flattened occlusion masks to form a tensor cocc stack ∈ R1374×1024.
(c) Multi-head Cross-Attention.Our mask-weighted multi-head cross-attention (MHA) layer, which encourages the model
to focus its attention on the visible parts of the object, is an extension of the cross-attention described in the main paper.
Specifically, H heads are run in parallel, resulting in H attention scores. For the mask-weighted attention mechanism, we
impose cvis simultaneously to each head:

Ah = softmax(Sh + log cvis), (A.2)
MHA = [A1v;A2v; . . . ;AHv] (A.3)



A.3. Training Details
(a) Pre-trained model loading.While TRELLIS is split into multiple modules, in our work we only train the sparse structure
flow transformer and the structured latent flow transformer (see the overview figure, where the “fire” symbols indicate the
parts that are fine-tuned, and “snowflake” symbols indicate that we directly use the pre-trained weights).
(b) Data Augmentation.As described in Sec. 3.3, we generate random masks during training for data augmentation. Specif-
ically, we begin by randomly drawing 1 to 3 lines, circles, and ellipses in the mask image. Next, to ensure these regions
connect—thereby better simulating real-world occlusions, where mask regions are typically not highly fragmented—we ran-
domly add 3 to 7 rectangular regions that have undergone an expansion operation. This results in stable masking of the
objects in the training data. Example inputs are presented in Fig. A.1.

Original image Masked image Occlusion mask

Figure A.1. Examples of random mask generation. The visible areas are shown in white, occluded areas in gray, and background in
black.

A.4. Inference Details
(a) 3D-consistent mask ratio.For the multi-view 3D-consistent masks described in Sec. 3.3, we set the mask ratio to a
random number between 0.4 and 0.6 for each object, resulting in a variety of reasonable mask areas.
(b) Time consumption.Despite the introduction of additional cross-attention layers, our inference time remains comparable
to that of the baselines. Amodal3R can generate and render each object in under 10 seconds.

Occluded input GaussianAnything [36] Real3D [27] TRELLIS [80] Amodal3R (Ours)

Figure A.2. Examples using occluded images directly as the input of baseline models.



B. Experimental Details
B.1. Evaluation Protocol
We evaluate the results using Google Scanned Objects (GSO) (1,030 objects) [16] and a randomly sampled subset of
Toys4K [67] containing 1,500 objects. Here, we provide additional details regarding the computation of our evaluation
metrics.
(a) Rendering quality and semantic consistency alignment.To assess overall rendering quality, we compute the Fréchet
Inception Distance (FID) [21] and Kernel Inception Distance (KID) [3]. Moreover, we evaluate semantic consistency using
the CLIP score [57] by measuring the cosine similarity between the CLIP features of each generated image and its corre-
sponding ground truth. For each object, we render 4 views using cameras with yaw angles of {0°, 90°, 180°, 270°} and a
pitch angle of 30°. The camera is positioned with a radius of 2.0 and looks at the origin with a FoV of 40°, consistent with
TRELLIS [80]. While FID and KID are calculated between the ground truth and generated sets (6,000 images for Toys4K
and 4,120 images for GSO), the CLIP score is calculated in a pair-wise manner, and we report the mean value to evaluate
semantic consistency.
(b) Geometry quality.For 3D geometry evaluation, we adopt Point cloud FID (P-FID) [49], Coverage Score (COV), and
Minimum Matching Distance (MMD) using Chamfer Distance (CD). Following previous work [36, 49, 80], we sample 4096
points from each GT/generated point cloud, which are obtained from the unprojected multi-view depth maps using farthest
point sampling.

C. More Results
In this section, we provide additional qualitative examples and comparison results to further demonstrate the performance of
our Amodal3R.

C.1. Baselines using occluded input
As stated in the main paper, “occluded images will lead to incomplete or broken structures” in current 3D generative models.
Here, we provide examples where pix2gestalt is omitted and the occluded images are directly used as input. As shown in
Fig. A.2, when baseline models receive images of partially visible objects as input, they often fail to recover complete and
intact 3D assets.

C.2. More single-view to 3D examples
Due to page restrictions, we only provide limited examples in the main paper. Here, we visualize more examples of single-
view to 3D to further demonstrate the effectiveness of our method in Fig. D.4. The results show that, compared with the 2D
amodal completion + 3D generation baselines, our Amodal3R yields higher quality 3D assets across multiple categories.

C.3. More multi-view to 3D examples
We first provide visualized examples to explicitly explain the difference between the “pix2gestalt” and “pix2gestalt + MV”
settings in multi-view to 3D generation in Fig. C.3. For the “pix2gestalt” setting, we directly implement pix2gestalt for
amodal completion independently under each view. For the “pix2gestalt + MV” setting, we first choose the view with the
greatest visibility from the 4 occluded views, then use pix2gestalt to complete the object (shown in the pix2gestalt column
in the qualitative result), and subsequently use Zero123++ to get the 4 consistent views as input to LaRa and TRELLIS. It
can be observed that pix2gestalt alone results in obvious multi-view inconsistency, while with Zero123++ the consistency is
significantly improved, leading to better 3D generation quality.

More multi-view to 3D examples are provided in Fig. D.5, where our Amodal3R again generates 3D assets with better
quality than the baselines.

D. Discussion, Limitation, and Future Work
While Amodal3R achieves impressive 3D amodal completion, it comes with several limitations we hope to address in the
future. (1) Dataset expansion. Due to computational resource limitations, Amodal3R is trained on a relatively small dataset,
consisting of only 20,627 synthetic 3D assets, predominantly confined to the furniture category. Consequently, comple-
tions on some complex or out-of-distribution objects may fail or lead to unrealistic structures. We believe that training on
larger datasets, e.g., Objaverse-XL [15], could mitigate these issues. (2) Real-world data adaptation. Unlike pix2gestalt,
Amodal3R is trained exclusively on synthetic data. As a result, it cannot leverage environmental cues and must rely solely



Multi-view Occluded input

pix2gestalt [54]

pix2gestalt [54] + Zero123++ [61]
Figure C.3. Example of “pix2gestalt” and “pix2gestalt + MV” input for multi-view to 3D evaluation.

on the visible portions of occluded objects for reconstruction. Creating real-world 3D modal datasets will further enhance
the ability to apply models to real scenes. (3) Controllable completion. Currently, how objects are completed is entirely up
to the model and lacks user control. Enhancing the model to accept additional conditions, such as text, and allowing users to
edit and control the style of the completion process will be an important research direction for us in the future.



Occluded input pix2gestalt [54] GaussianAnything [36] Real3D [27] TRELLIS [80] Amodal3R (Ours)

Figure D.4. Additional single-view to 3D comparison examples. The occluders are shown in black and the visible regions are highlighted
with red outlines.



Occluded input pix2gestalt [54] LaRa [6] LaRa [6] (+MV) TRELLIS [80] TRELLIS [80] (+MV) Amodal3R (Ours)

Figure D.5. Additional multi-view to 3D comparison examples. The occluders are shown in black and the visible regions are highlighted
with red outlines.



Occluded input Sample result 1 Sample result 2

Figure D.6. Additional diverse examples. The occluders are shown in black and the visible regions are highlighted with red outlines.



Input image pix2gestalt [54] TRELLIS [80] Amodal3R (Ours)

Figure D.7. Additional in-the-wild examples compared with pix2gestalt + TRELLIS. The target objects and occluders are marked with
the red and green outlines.



Input image Reconstruction result

Figure D.8. Additional in-the-wild examples. The target objects and occluders are marked with the red and green outlines.



Input image Reconstruction result

Figure D.9. Additional in-the-wild examples. The target objects and occluders are marked with the red and green outlines.
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