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Abstract

Category-level object pose estimation aims to predict the
pose and size of arbitrary objects in specific categories. Ex-
isting methods struggle with the inherent incompleteness of
observed point clouds, which limits their ability to capture
complete object shapes for robust pose reasoning. While
point cloud completion offers a promising solution, naively
treating it as a separate preprocessing step for partial ob-
servations introduces compounding errors and additional
computational overhead, ultimately hindering both accu-
racy and efficiency. To address these challenges, we pro-
pose ComPose, a novel unified framework that tightly in-
tegrates shape completion to provide complete geometric
cues for enhanced pose estimation. At the core of ComPose
is a keypoint-based progressive completion module, which
recovers full shape representations by progressively predict-
ing a sparse set of keypoints and their surrounding dense
point sets, empowering the keypoints to capture holistic ob-
ject geometries. A geometric relation encoding module fur-
ther enriches keypoint features with both local and global
geometric context. In addition, we introduce a novel geo-
metric relation consistency loss to enforce structural align-
ment between observed keypoints and their predicted NOCS
coordinates, ensuring globally coherent coordinate trans-
formations. Extensive experiments on standard benchmarks
demonstrate that our method outperforms state-of-the-art
approaches without relying on category-level shape priors.

1. Introduction

Category-level object pose estimation aims to predict the
6D pose and 3D size of arbitrary objects within predefined
categories. As a fundamental task in 3D computer vision, it
has attracted significant attention from the research commu-
nity due to its extensive potential applications in fields such

*Corresponding author. Website: renhuan1999.github.io/ComPose.

{yangwf, tzzhang}@ustc.edu.cn

Pose
Reasoning

By ¥
©®  Feature
(@) Learning

Partial Point Cloud

Ry ¥
“®  Feature
(b) Learning

Partial Point Cloud ﬁé Full Shape Enhanced
Shape Prior ~ Partial Geometry

¥ Completion ; AN
(©) ““¢  Guided Pose
Feature Reasoning
Learning

Partial Point Cloud Complete Geometry ~ Complete NOCS Coordinate

Partial Geometry Partial NOCS Coordinate

Pose
Reasoning

Partial NOCS Coordinate

Figure 1. Comparison of geometric representation strategies in
category-level object pose estimation. (a) Classic methods directly
encode geometric features from partial point clouds, which limits
their ability to capture complete object structures. (b) Prior-based
approaches resort to category-level shape priors [31] to enhance
feature understanding of full object shapes, yet they still operate on
incomplete geometries. (c) Our method explicitly integrates shape
completion to recover complete geometries, facilitating more com-
prehensive and robust pose reasoning.

as robotic manipulation [18], augmented reality [30], and
autonomous driving [20]. In contrast to traditional instance-
level approaches [25, 34, 35], category-level methods do
not require instance-specific CAD models for inference, ex-
hibiting stronger generalization in real-world scenarios.
Existing category-level methods typically commence by
extracting features from partial observations to comprehend
object shapes, which subsequently guides either direct pose
regression or the prediction of Normalized Object Coor-
dinate Space (NOCS) [36] as an intermediate representa-
tion for pose fitting. Despite the considerable progress
achieved by these approaches, their performance remains
fundamentally constrained by the inherent incompleteness
of partially observed point clouds. Specifically, depth cam-
eras fail to capture the occluded backside of objects due to
self-occlusion, yielding incomplete point clouds after back-



projection. As illustrated in Figure 1(a), most previous
methods [5, 15, 16, 29] encode geometric structures directly
from such partial point clouds, which restricts their ability
to capture complete object shapes for robust pose reasoning.
To alleviate this limitation, several works [10, 13] incorpo-
rate category-level shape priors [31] to enhance the compre-
hension of full shape context at the feature level, as shown
in Figure 1(b). Nevertheless, these methods only provide in-
direct shape cues in the canonical space while still operate
on intrinsically incomplete shape representations in the ob-
servation space, leaving the fundamental issue of geometric
incompleteness unresolved. Moreover, acquiring shape pri-
ors requires collecting extensive CAD models and training
an extra autoencoder, which is labor-intensive and costly.

To address these challenges, we draw inspiration from
recent advancements in point cloud completion [40, 41] and
explore reconstructing complete object shapes directly in
the observation space. As illustrated in Figure 1(c), the
completed point clouds provide a more comprehensive geo-
metric representation of objects, which is crucial for robust
pose reasoning. To quantitatively assess the merit of com-
plete geometries, we conduct an oracle experiment by re-
placing the partial point cloud inputs in the depth-only ver-
sion of the leading AG-Pose [15] network with ground-truth
complete point clouds, while keeping the network architec-
ture unchanged. As shown in Figure 2, the 10°2cm accu-
racy improves dramatically from 68.5% to 91.7%, high-
lighting the significant upper-bound performance gain en-
abled by full shape information. This finding naturally sug-
gests a straightforward solution that employs a point cloud
completion network to first recover the full shape and then
feeds it into a standard pose estimator, such as AG-Pose.
However, such a naive two-stage pipeline suffers from com-
pounding errors and introduces additional computational
overhead, which compromise both accuracy and efficiency.
As shown in Figure 2, even an end-to-end jointly optimized
variant yields only a marginal improvement of the 10°2cm
accuracy to 71.0% while reducing inference speed from
33.5 FPS to 21.5 FPS. This indicates that simply cascad-
ing completion and pose estimation networks falls short of
fully exploiting the potential of shape completion and incurs
a notable efficiency trade-off. These observations thus raise
a pivotal question: how can we effectively and efficiently in-
tegrate the complete geometric cues recovered from point
cloud completion to enhance object pose estimation?

Motivated by the above discussions, we propose Com-
Pose, a novel category-level framework that seamlessly
unifies point cloud completion and object pose estimation
within a single network. Unlike naive cascaded pipelines
that treat completion as a separate preprocessing step, Com-
Pose tightly integrates completion as a task-driven internal
component, thereby enhancing the comprehension of com-
plete object shapes in a more effective and efficient manner.
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Figure 2. Accuracy and inference speed comparison for the depth-
only versions of different methods. The dashed circle indicates the
performance upper bound achieved using ground-truth complete
point clouds as input. Our ComPose achieves the best balance
between accuracy and efficiency with 38.4 FPS on an RTX3090Ti
GPU. More implementation details are provided in Section 4.3.

At the core of our framework is a keypoint-based progres-
sive completion module that reconstructs full object shapes
from partial observations by predicting a sparse set of com-
plete keypoints along with their surrounding dense point
sets. This design not only yields comprehensive shape rep-
resentations in the observation space, but also empowers
keypoints to capture complete geometries from a holistic
perspective. Building on this, we incorporate a geometric
relation encoding module to enrich keypoint features with
both local and global geometric context, which facilitates
keypoint-wise prediction of NOCS coordinates. To further
ensure globally coherent coordinate transformations, we
introduce a geometric relation consistency loss grounded
in relational modeling [27, 38], which enforces structural
alignment between observed keypoints and their predicted
NOCS counterparts. In contrast to conventional point-to-
point coordinate mapping losses, the proposed relation-
based constraint captures higher-order structural cues, re-
sulting in more robust and precise object pose estimation.
In summary, the contributions of this work are fourfold:
(1) We pioneer a novel paradigm that leverages the com-
plete geometric cues recovered from point cloud completion
to enhance the understanding of holistic object shapes, un-
locking substantial potential for advanced pose reasoning.
(2) We propose a unified framework that seamlessly inte-
grates shape completion and pose estimation into a single
network, delivering an effective and efficient solution for
category-level object pose estimation. (3) We introduce a
carefully designed approach that acquires complete shape
representations through keypoint-based progressive com-
pletion, and further incorporates geometric relation encod-
ing and consistency constraints for robust coordinate trans-
formations. (4) Extensive experimental results demonstrate
the superior performance of our method over state-of-the-
art approaches. Notably, our depth-only model achieves a
significant 9.1% improvement on the 10°2cm metric of the
REAL275 dataset without relying on shape priors.



2. Related Works
2.1. Category-level Object Pose Estimation

Category-level object pose estimation aims to determine
the 6D pose and 3D size of novel objects in specific cate-
gories, without requiring instance-specific CAD models at
test time. A core challenge in this field lies in understanding
object shapes with significant intra-class variations for ro-
bust pose reasoning, especially from partial and incomplete
observations. One class of works [2, 12] directly regresses
object poses from point cloud data by extracting discrim-
inative geometric features, often incorporating geometry-
guided constraints [5] or hybrid-scope geometric percep-
tion [44]. Another line of methods [17, 29] leverages Nor-
malized Object Coordinate Space (NOCS) [36] as a shared
canonical representation to align various object instances,
which enables the establishment of dense point-wise [13] or
sparse keypoint-wise [15] correspondences between cam-
era and object coordinate spaces for subsequent pose fitting.
However, both types of methods are inherently constrained
by the incomplete nature of partial point clouds, which lim-
its their ability to capture complete object shapes. To allevi-
ate this, prior-based methods [1, 10] incorporate category-
level shape priors [31] to enhance the feature-level percep-
tion of full shape context. For instance, SPD [31] predicts
deformation fields from shape priors to reconstruct 3D ob-
ject models in the canonical space, which in turn guides the
prediction of NOCS coordinates from partial point clouds.
Nevertheless, these approaches still operate on incomplete
shape representations in the observation space, leaving the
fundamental issue of geometric incompleteness unresolved.
In contrast, our ComPose explicitly integrates shape com-
pletion to recover complete shape representations directly
within the observation space, enabling the network to cap-
ture holistic object geometries and facilitating more robust
pose reasoning without relying on external shape priors.

2.2. Point Cloud Completion

Point cloud completion aims to reconstruct the complete 3D
shape from partial point clouds, a naturally arising problem
in real-world scenarios where sensor data is often incom-
plete due to inevitable object self-occlusion. Early methods
typically adopt an encoder-decoder architecture, where a
global shape representation is extracted from the visible part
and decoded into the complete point cloud. For instance,
FoldingNet [39] proposes a folding-based decoder that de-
forms a 2D grid onto the 3D surface, while PCN [42] in-
troduces a coarse-to-fine decoding strategy to progressively
recover fine-grained geometry. However, these approaches
primarily focus on global shape embeddings, which lim-
its their capacity to explicitly model the interactions be-
tween visible and missing regions. To deal with this lim-
itation, recent approaches such as PoinTr [40] reformulate

point cloud completion as a set-to-set translation problem,
leveraging Transformer-based attention mechanisms [33] to
model long-range dependencies. AdaPoinTr [41] further
improves upon this by introducing an adaptive query gener-
ation strategy and an auxiliary denoising task to boost com-
pletion quality. Despite these advances, most methods treat
point cloud completion as a standalone task, with limited
exploration of its integration into downstream applications
such as category-level object pose estimation. A notable
attempt is DR-Pose [45], which leverages an off-the-shelf
completion network [40] to recover the missing object parts.
However, the completed shapes are merely used to guide the
deformation of shape priors as in SPD [31] and remain de-
coupled from the actual pose reasoning process. In contrast,
we tightly integrate completion as an internal component of
our unified ComPose framework to enhance the understand-
ing of complete object shapes for robust pose reasoning.

3. Method

Task Definition. Given an RGB-D image, an off-the-shelf
Mask R-CNN [7] network is first used to obtain instance
masks, yielding the cropped RGB image I8 ¢ R7*Wx3
and segmented depth image for each instance. The partial
point cloud PPt € RN" %3 ig then derived by back-
projecting and downsampling the segmented depth image,
where NPt denotes the number of points. Taking I'&P
and PP#'* as inputs, our ComPose predicts the 3D rotation
R € SO(3), 3D translation t € R3, and 3D size s € R? of
the observed object instance within predefined categories.
Overview. As illustrated in Figure 3, the proposed frame-
work consists of four components: partial feature extraction
(Section 3.1), keypoint-based progressive completion (Sec-
tion 3.2), geometric relation encoding (Section 3.3), and
correspondence-based pose estimation (Section 3.4).

3.1. Partial Feature Extraction

For the partial point cloud PP#**, we adopt PointNet++ [26]
to extract point-wise geometric features F'P", which serve
as the initial representation F'"it ¢ RN "D Under
the RGB-D setting, we further follow SecondPose [3] by
employing DINOv2 [21] to extract pose-consistent seman-
tic features F'4"° from the RGB image I'8P. These se-
mantic features are associated [29] with the 3D points in
Pratt concatenated with the geometric features F'P", and
then projected into a D-dimensional space to form the ini-
tial feature representation F'™it ¢ RN"""*D Ty better
capture global context, a stack of Self-Attention (SA) [33]
layers are applied to F'*, enabling dynamic interactions
among all points and yielding the refined partial representa-
tion FPart ¢ RN xD , which is formulated as below:

Fpart _ SA(Finit =+ ].:)]__-C(‘I_-)I)art))7 (l)
SAQ) = e((QW)(QWH) VD) QWY), ()
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Figure 3. (a) Overview of the proposed ComPose framework, which supports both RGB-D and depth-only settings, where the latter omits
the RGB images I"8". (b) The initial coarse keypoints C*P* are adaptively selected from missing and visible candidates {C™%, Cvis}.
These coarse keypoints are then progressively refined through feature interactions with the partial features F**™* to recover complete
object geometries, including refined keypoints P*P* and dense shapes P°°™. (c) The keypoint features F*P* are enhanced into F'#°° via
geometric relation encoding, incorporating both local and global geometric context {El, E®}. To ensure robust coordinate transformations,
the pairwise geometric relations G among keypoints are constrained to maintain alignment between the observation and canonical spaces.

where WQ/E/V ¢ RP*D are projection matrices, ¢ and T

denote the Softmax and transpose operations, respectively.
PE represents the learnable position embedding [33], which
provides explicit spatial guidance for feature interactions.

3.2. Keypoint-based Progressive Completion

After extracting features from partial observations, we draw
inspiration from [41] and design a keypoint-based progres-
sive completion module tailored for object pose estimation.
Unlike typical point cloud completion approaches [39, 42]
that assume canonical object alignments, our method han-
dles the more challenging scenario where partial shapes
are observed under arbitrary poses. The progressive pro-
cess begins by generating an initial set of coarse keypoints
C*Pt ¢ RN"X3 where N*Pt represents the number of
keypoints. These keypoints are then progressively refined
through feature interactions to recover complete object ge-
ometries, including both sparse keypoints PPt ¢ RY 3
and dense shapes P<°™ c RN 3 with N™ points.
This module enables a more comprehensive understanding
of object shapes, which is crucial for robust pose reasoning.
Coarse Keypoint Generation. Given the partial features
Frart e first apply global max pooling to obtain a global
representation f&°Pal ¢ RP followed by an MLP to pre-
dict a set of coarse keypoints C™55 ¢ RN™ %3 that indi-
cate potentially missing regions. Meanwhile, Farthest Point
Sampling (FPS) is applied to the partial point cloud PP2** to
acquire a set of visible keypoints CV*® € RN >3, provid-
ing reliable geometric cues from the visible regions. These

two sets of keypoints contribute to the construction of the
initial coarse keypoints C*Pt. Nevertheless, due to varying
levels of incompleteness across different observations, rely-
ing on a fixed ratio of missing and visible keypoints lacks
flexibility. To adaptively select representative keypoints,
we concatenate C™** and C"'® to form the candidate set
Ceand ¢ RN X3 which is then fed into a scoring MLP
to predict scores r € RY“™ for each candidate. The top
NkPt keypoints are retained as C*P* after ranking, enabling
a flexible balance between missing and visible regions.

Progressive Shape Completion. To further refine the ini-
tially generated coarse keypoints C¥P* and achieve higher
fidelity in shape recovery, we employ a Transformer [33]
decoder that facilitates fine-grained feature interactions
with observations. Specifically, we first construct the key-
point queries QPt € RN %D by fusing the position em-
bedding of C*¥P* with the global feature £&°b2! written as:

Qkpt Repeat(fgh’bdl) + PE(Cth) 3)

The position embedding of C*P* provides explicit spatial
guidance for the subsequent feature interactions with the
partial feature FP2* through a decoder composed of Cross-
Attention (CA) and Self-Attention (SA) layers, yielding the
refined keypoint features F<P* ¢ RV D , formulated as:

kat CA(Qkpt dert)’ kat SA(kat) (4)
CA(Q, K) = ¢(QW)(KW ™) /VD)YKWY). (5)

These features are then passed through an MLP to directly
predict the 3D keypoint coordinates PXP*. To reconstruct a



dense and complete point cloud P°°™, each keypoint fea-
ture FXP* is concatenated with its associated coordinate
PPt and passed through an MLP, whose output is reshaped
to form the fine-grained local geometry Pfld ¢ RN™x3
around each keypoint. The final complete dense point cloud
peom ¢ RN™X3 - consisting of Noom = Nkpt yfold
points, is formed by aggregating all Pff’ld outputs.
Supervision and Loss Functions. During training, to su-
pervise the learning of progressive completion, the CAD
model M4 of the object is first transformed into the
observation space using the ground-truth pose parameters
{R#*, 8, 58}, resulting in the transformed model M°bs:

Mobs _ Hsgt ||2RgtMcad + tgt. (6)

The progressive completion loss is then computed using
the Chamfer Distance [6] between the transformed model
MP°Ps and the set S = {C™iss, Pkpt peoml defined as:

ﬁcom = ZPsup GS CD(PSUP7 MObS)7 (7)

min |z — y|3

1
CD(X’ Y) - m ZweX yey

) ®)
—_— ] J— 2

During the selection of representative keypoints, we aim to
retain those that are close to the transformed model M°Ps
while filtering out outlier predictions in C™** and outlier
points in CV! [29]. To achieve this, we employ an MSE
loss function on the predicted keypoint scores r, defined as:

1

[seore Neand Zn (rn o ,,,Tth)27 (9)

d, = min ||Cfla“d—y\|2, (10)

r8' = exp(—d, /T), min
y .

where 7 = 0.05 denotes the temperature hyper-parameter.

3.3. Geometric Relation Encoding

To further enhance the geometric contextual modeling of
keypoint features, we follow AG-Pose [15] to explicitly en-
code their surrounding geometric relations. Specifically,
for the n-th keypoint PXPt, its N*" nearest neighbors

Pk ¢ RV %3 are first identified from PP, and their

. knn .
corresponding features FX*® € RN"XD are retrieved

from FPa*  We then compute both local and global ge-
ometric relation embeddings, denoted as E! € RV XD
and E& € RNV XD respectively, as formulated below:

E! = MLP(Repeat(P*Pt) — pkon), (11

E& = MLP(Repeat( P Pt) — Pkpty, (12)

Subsequently, the keypoint features F¥P* are progressively
enriched with local and global geometric context through

the following alternating enhancement process, yielding the
geometric-aware keypoint features F'2°° € RY D,

F}*" = CA(F™ MLP(Fy™ + E)),  (13)

F5° = MLP(FXP* 4 AvgPool (F*P)

(14
+ PE(PY) + AvgPool(E2)).

3.4. Correspondence-based Pose Estimation

We adopt a correspondence-based paradigm [29] for object
pose estimation. Specifically, given the geometry-enhanced
keypoint features F'¢°°, an MLP is employed to predict the
corresponding NOCS coordinates OXPt € RN"""x3_ The
object pose {R,t,s} is then solved from the correspon-
dences between the keypoint coordinates P*P' and their
NOCS counterparts O¥P* with a pose fitting algorithm such
as the Umeyama algorithm [32] or a deep estimator [13].
Point-to-Point Correspondence Supervision. To super-
vise the learning of NOCS coordinates, previous works [4,
15, 29] commonly employ a straightforward point-wise co-
ordinate regression loss, which directly penalizes the devia-
tion between the predicted and ground-truth coordinates in a
point-to-point manner. Specifically, the ground-truth NOCS
coordinates Q¢ are derived by applying the ground-truth
pose parameters { R8", £8¢, s8'} to the keypoint coordinates
PXPt which is formulated as below:

1

gt _
15812

(REY) T (PRt — ¢, (15)

The correspondence loss is then defined as the point-wise
L? or Smooth-L! [13] distance between the predicted
NOCS coordinates O¥P* and the ground-truth O%*. For in-
stance, the L2-based loss is defined as:

corr 1
£ = Nkpt

> Ot — 08, (16)

Geometric Relation Consistency Constraint. Neverthe-
less, the above point-to-point constraint fails to capture the
holistic geometric structure of object. For example, two sets
of NOCS coordinates may exhibit similar mean point-wise
errors, yet represent substantially different overall shapes.
This ambiguity can lead to a structural mismatch between
the predicted NOCS coordinates and the underlying ob-
ject geometry observed in the input space. As a result, it
becomes challenging to reliably estimate a globally coher-
ent rigid transformation from these correspondences, which
may compromise the accuracy of the final pose estimation.
To address this limitation, we propose a novel geometric
relation consistency loss that explicitly enforces alignment
in the overall geometric relations among keypoints to cap-
ture higher-order structural cues. Specifically, we compute
the pairwise L? distances among the scaled keypoint coor-
dinates P¥P*/||s8%||5 to construct the reference geometric
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relation matrix G¥P* € RV " XN™" and similarly derive

the predicted counterpart G"°°° from the predicted NOCS
coordinates O¥Pt. The geometric relation consistency loss
is then computed between these two matrices, defined as:

eo 1 kpt nocs)2
L% = Zn,m(Gn?m —GXS)?. (1)

In summary, the overall loss function is as follows:
Eall — ACOH]LCOH] +)\SCOI‘C£SCOI‘C +ACOI‘I‘£CO!’!’ _|—)\g00£g007 (18)

with \O™ | \SCOTe \COIT | \B€O a5 balance hyper-parameters.

4. Experiments

4.1. Experimental Setup

Datasets. We conduct experiments on three benchmarks in-
cluding CAMERA25, REAL275 [36] and HouseCat6D [8].
CAMERA2S is a synthetic dataset comprising 275K train-
ing and 25K testing images across 6 object categories.
These images are generated via mixed-reality techniques
by rendering foreground objects onto real backgrounds.
REALZ275 is a real-world dataset with 4.3K training images
from 7 scenes and 2.75K testing images from 6 scenes, cov-
ering the same 6 object categories as CAMERA25. House-
Cat6D is an emerging real-world benchmark containing
20K training images from 34 scenes and 3K testing images
from 5 scenes, spanning 10 household object categories.
This dataset includes photometrically challenging objects
with diverse viewpoints and occlusions, posing significant
challenges for accurate object pose estimation.

Evaluation Metrics. Following previous works [15, 29],
we report the mean Average Precision (mAP) of n°m cm
for 6D pose evaluation, which measures the percentage of
predictions with rotation error below n° and translation er-
ror below m cm. We also report the mAP of 3D Intersection
over Union (IoU,) at a threshold of % for joint 6D pose
and 3D size evaluation.

Implementation Details. For a fair comparison, we use
the same instance segmentation masks as AG-Pose [15], ob-
tained from Mask R-CNN [7]. We sample NP#* = 1024
partial points and extract N*P* = 64 keypoints. The dense
complete shape is reconstructed with N°°™ = 1024 points,
where each keypoint is expanded into N4 = 16 fine-
grained local geometry points. The numbers of missing and
visible keypoints are set to N™% = 64 and N5 = 32,
respectively. The network architecture includes 2 attention
layers in each of the following modules: partial feature ex-
traction, progressive shape completion, and geometric rela-
tion encoding. In the geometric relation encoding module,
the number of nearest neighbors NX"" is set to 16 and 32
across the two layers, respectively. The feature dimension
D is set to 256 for RGB-D input and 128 for the depth-only
setting. For loss balancing, we set the weights A°°™ = 15,

Table 1. Performance comparison with state-of-the-art methods on
the REAL275 dataset. The method marked with “*’ is reproduced
by us. “Prior” refers to shape priors [31]. For each data setting, the
best results are in bold, and the second best results are underlined.

Method | Prior | IoUsg IoUrs |5°2cm 5°5cm 10°2cm 10°5¢cm
RGB-D Setting
SPD [31] v | 773 532|193 214 432 541
SGPA [1] v 801 619|359 396 613 707
DPDN [13] v | 834 760 | 460 507 704 784
GCE-Pose [10] | v/ | 841 798 | 570 651 756 863
VI-Net [14] x | - - | 500 576 708 821
SecondPose [3] | x | - - | 562 636 747 860
AG-Pose [15] x | 841 801|570 646 751 @ 847
SpherePose [28] | x | 84.0 79.0 | 582 67.5 76.2 88.2
SpotPose [29] x | 841 812|597 648 815 882
CleanPose [16] X - - 61.5 674 78.3 86.2
ComPose | x | 840 814 621 680 818 892
Depth-only Setting
SAR-Net[11] | v |793 624|316 423 503 683
RBP-Pose[43] | v | - 678|382 481 631 792
DR-Pose [45] v | 789 682 | 417 460 677 763
GPV-Pose [5] x | - 644320 429 - 733
HS-Pose [44] x | 821 747 | 465 552 686 827
Query6DoF [37]| x| 825 76.1 | 490 589 687  83.0
AG-Pose*[I15] | x | 832 756 | 488 588 685 808

ComPose \

X

| 821 77.0 | 556 613 718 850

Aseore — 1 \°0tt = 2 and A\8°° = 1. The network is trained

using the Adam [9] optimizer with an initial learning rate of
0.001 and a cosine annealing schedule. All experiments are
conducted on a single RTX3090Ti GPU with a batch size of
24 over 200K iterations.

4.2. Comparison with State-of-the-art Methods

Results on the REAL27S dataset. Table | presents a
comprehensive comparison between our method and exist-
ing RGB-D and depth-only approaches on the REAL275
dataset. Under the depth-only setting, our ComPose out-
performs previous methods by a large margin across all
6D pose evaluation metrics. Notably, when compared to
the keypoint-based AG-Pose [15], our ComPose achieves
significant improvements of 6.8% on 5°2cm and 9.3% on
10°2cm, demonstrating the importance of shape completion
for precise pose estimation. For 3D IoU metrics, ComPose
achieves comparable performance on IoUj5( and sets a new
state-of-the-art on the stricter IoU~5 criterion. When incor-
porating semantic information from RGB images, ComPose
exhibits further performance gains under the RGB-D set-
ting, achieving the best results across all 6D pose metrics
without relying on shape priors. These results validate the
effectiveness of our unified completion-pose framework.

Results on the HouseCat6D dataset. Table 2 reports the
performance comparison on the more challenging House-
Cat6D dataset. Our ComPose consistently achieves state-
of-the-art results across all evaluation metrics under both



Table 2. Performance comparison with state-of-the-art methods
on the HouseCat6D dataset. The method marked with “*’ is repro-
duced by us. For each data setting, the best results are shown in
bold, and the second best results are underlined.

Method | IoUgs IoUsg | 5°2cm  5°5¢cm  10°2cm 10°5cm

RGB-D Setting

VI-Net [14] 80.7 564 8.4 10.3 20.5 29.1
SecondPose [3] | 83.7  66.1 11.0 13.4 25.3 35.7
AG-Pose [15] 88.1 769 21.3 22.1 51.3 543
SpherePose [28] | 88.8  72.2 19.3 259 40.9 55.3
SpotPose [29] 89.1 77.0 23.8 24.5 523 54.8
GCE-Pose [10] - 79.2 | 248 25.7 55.4 584
CleanPose [16] 89.2 798 | 224 24.1 51.6 56.5

ComPose ‘ 90.3 80.6 ‘ 25.8 27.6 57.8 61.5

Depth-only Setting

FS-Net [2] 749 480 33 42 17.1 21.6
GPV-Pose [5] 749 507 35 4.6 17.8 22.7
AG-Pose* [15] 814 599 9.7 10.6 25.9 29.7

ComPose | 81.6 651 | 11.8 127 34.8 38.9

depth-only and RGB-D settings. Specifically, under the
depth-only setting, ComPose outperforms AG-Pose [15] by
5.2% on the IoUsy metric and 2.1% on the 5°2cm met-
ric. Under the RGB-D setting, ComPose surpasses GCE-
Pose [10] by 1.4% on IoUsq and 1.0% on 5°2cm. The supe-
rior performance on this more comprehensive and challeng-
ing real-world dataset with occlusions further validate the
effectiveness and robustness of our ComPose framework.
Results of Completion. Previous methods typically rely on
category-level shape priors [31] to reconstruct object CAD
models at unit scale in the canonical space. In contrast, our
approach is the first to perform shape completion directly in
the observation space under arbitrary poses, which is much
more challenging. Table 3 compares the reconstruction per-
formance of different methods on the hard camera category
of the REAL275 dataset. To ensure a fair comparison, in
addition to the metric-scale CD as defined in Equation (8),
we also compute the unit-scale CD""* metric. This involves
normalizing the completed shape P™ and the ground-
truth shape M °P® to unit scale using the ground-truth scale
|| 8|2 before calculating the Chamfer Distance. As shown
in the table, without relying on shape priors, our RGB-D
model performs best in reconstructing complete 3D shapes.
Robustness to Occlusion. Although the integrated shape
completion primarily focuses on addressing point cloud in-
completeness caused by self-occlusion, our method also
performs effectively under external occlusion. In Table 4,
we simulate severe occlusion by applying a 25% occlusion
mask to the object segmentation masks on the REAL275
dataset, with the masked region randomly selected from the
top, bottom, left, and right edges of the object. As shown,
AG-Pose suffers a performance drop of 16.5% on 5°5cm,
while our ComPose exhibits a smaller decrease by 12.6%,
demonstrating its superior robustness against occlusion.

Table 3. Reconstruction performance comparisons for the camera
category on the REAL275 dataset, measured using Chamfer Dis-
tance (x1073). CD""" is computed after unit-scale normalization
of the shape, while CD is computed directly in the observation
space under the real-world metric scale. A lower value () indi-
cates better performance, with the best results highlighted in bold.

Method ‘ Data Setting ‘ Shape Prior ‘ CDit | CD |

Reconstruct 3D Object Models in the Canonical Space

SPD [31] RGB-D v 8.89 -
SGPA [1] RGB-D v 5.51 -
DR-Pose [45] D v 5.26 -

Reconstruct Complete 3D Shapes in the Observation Space
RGB-D ‘ X 4.20 0.17

ComPose

ComPose D X 6.09 0.23

Table 4. Performance comparison of different depth-only methods
under occlusion-augmented testing on the REAL275 dataset.

Method (D) | Test with OccAug | 5°2cm  5°5¢m 10°2cm  10°5¢m
x 488 588 685 808

AG-Pose* [15] v 371 491 543 726
Drop | 24.0% 165% 20.7% 10.1%

x 556 613 778 850

ComPose v 427 536 629 717
Drop | 232% 12.6% 192% 8.6%

Table 5. Ablation studies on the shape completion strategy. ‘“Par-
tial Instance” indicates reconstructing only visible object regions.

Reconstruction \Pk‘” P“O"‘\S"Qcm 5°5cm  10°2cm  10°5cm

Partial Instance [15] | Vv v 49.6 56.1 72.4 82.0
Complete M°Ps v v 55.6 613 77.8 85.0
Complete M°Ps v X 549 605 76.1 83.3

4.3. Ablation Studies

In this section, we conduct comprehensive ablation stud-
ies on the REAL275 dataset under the depth-only setting to
shed more light on the superiority of our method.

Efficacy of Shape Completion. Table 5 presents ablation
studies on different shape completion strategies. Replacing
the complete shape recovery with the partial instance re-
construction as in AG-Pose [15] results in a 6% decrease
on 5°2cm, demonstrating the importance of complete geo-
metric cues provided by shape completion for precise pose
estimation. Moreover, the completion of dense point clouds
P<°™ enhances the fine-grained geometric awareness of
keypoints, leading to a 1.7% performance gain on 10°5cm.
Efficacy of the Unified Framework. Figure 2 illustrates
the superiority of the proposed unified Completion-Pose
framework over two-stage Completion-then-Pose scheme
in terms of both accuracy and efficiency. In the two-stage
pipeline, the completed dense shape P°™ replaces the
original partial input PP3* of AG-Pose [15], introducing
additional inference time during completion. In contrast,
ComPose directly replaces AG-Pose’s keypoint detection
module with the keypoint-based completion module, elimi-



Table 6. Ablation studies on the progressive completion process,
where N Pt is kept constant at 64 across all experiments.

Completion  |Selection N™5 NVis|5°2cm 5°5¢cm 10°2cm 10°5¢m
Static Query - - - 51.6 586 729 82.0
PoinTr [40] X 64 0 | 527 596 743 82.7
AdaPoinTr [41] v 64 32| 534 598 756 83.8
Progressive v 64 32 | 556 613 778 85.0
Progressive X 64 0 | 538 610 754 84.0
Progressive X 32 32| 546 600 76.6 83.7

Table 7. Ablation studies on the geometric relation modeling.

Encoding  Consistency ‘ 5°2cm  5°5cm 10°2cm 10°5cm
X x 49.5 55.6 71.9 79.7
v X 53.8 60.5 74.8 83.5
v v 55.6 61.3 77.8 85.0

nating extra latency. Both frameworks utilize the same com-
pletion module, with the depth-only version operating at a
feature dimension of 128. The efficiency gains of ComPose
over the original AG-Pose mainly stem from reducing the
keypoint count from 96 to 64, removing the Self-Attention
operation in NOCS prediction, and using the Umeyama al-
gorithm rather than a deep estimator for pose fitting.
Efficacy of Keypoint-based Progressive Completion. In
Table 6, we conduct ablation studies on the progressive
completion process. “Static Query” indicates that keypoint
queries Q*P! are initialized as learnable embeddings [19],
without the construction of coarse keypoints C*P*. Unlike
our approach, classic methods such as PoinTr [40] and Ada-
PoinTr [41] do not enforce constraints on the reconstruction
of C™iss _resulting in a significant deviation of the predicted
coarse coordinates C*P from the actual object shapes. In
addition, AdaPoinTr lacks explicit supervision during the
keypoint selection process. As shown in the table, our pro-
gressive completion module outperforms all three alterna-
tive strategies, with a 2.2% improvement over AdaPoinTr
on the 5°2cm metric. The last two rows further demon-
strate the necessity of adaptive keypoint selection, which
effectively harnesses reliable geometric cues from visible
keypoints and flexibly balances missing and visible regions.
Efficacy of Geometric Relation Modeling. We conduct
ablation studies on the components of geometric relation
modeling in Table 7. The geometric relation encoding mod-
ule explicitly enhances the keypoint features by capturing
geometric context, leading to a 4.3% improvement on the
5°2cm metric. Additionally, the geometric relation consis-
tency constraint enforces structural alignment between the
predicted NOCS coordinates and the observed object geom-
etry, further improving performance by 1.8% on 5°2cm.

4.4. Visualization

Figure 4 visualizes the keypoint-based progressive comple-
tion process. The results demonstrate that our completion
module not only progressively recovers the complete object
shape from partial observations, but also effectively filtering

Bowl

Mug

Camera

prart Ckpt Pkpt pcom Mcad

Figure 4. Visualization of the keypoint-based progressive comple-
tion. Complete object geometries are progressively recovered.

AG-Pose

ComPose

Figure 5. Qualitative comparison between our ComPose and AG-
Pose [15]. Red/Green indicates the predicted/GT results.

out outlier points caused by inaccurate segmentation [22—
24, 29], yielding a cleaner and more comprehensive object
representation. This refined geometric representation en-
hances the robustness of object pose estimation. As pre-
sented in Figure 5, our ComPose achieves more accurate
and reliable pose predictions than AG-Pose [15], benefiting
from a better comprehension of holistic object geometry.

5. Conclusion

In this work, we propose ComPose, a novel framework that
integrates keypoint-based progressive completion to en-
hance the understanding of complete object shapes, which
exhibits significant potential for robust category-level ob-
ject pose estimation. To further improve structural aware-
ness, we introduce geometric relation encoding and consis-
tency constraints, which explicitly capture object geometric
structure and facilitate globally coherent coordinate trans-
formations for robust pose fitting. Extensive experiments on
existing benchmarks consistently demonstrate the superior
performance of our method under both RGB-D and depth-
only settings without relying on category-level shape priors.
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