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Abstract

Understanding 3D objects from images is fundamental
to robotics and AR/VR applications. While recent work
has made progress in category-level pose estimation, cur-
rent representations fail to capture the fine-grained se-
mantics needed for reasoning about object parts, func-
tions, and interactions. We identify the next frontier in
3D object understanding as monocular category-level 3D
correspondence—predicting, from a single image, 3D lo-
cations that remain consistent across instances within a
category. To enable research in this direction, we intro-
duce HouseCorr3D, the first large-scale benchmark for
monocular category-level 3D correspondence with 178k im-
ages across 50 household object categories, 280 unique in-
stances, and 3D keypoint annotations directly on CAD mod-
els. Crucially, HouseCorr3D provides amodal correspon-
dence labels for occluded regions and explicit symmetry an-
notations, addressing key limitations of existing datasets.
We further propose Morpheus, a framework that learns
morphable category-level shape priors to establish seman-
tically consistent 3D correspondences in camera space. By
learning deformable canonical models, Morpheus moves
beyond traditional pose-centric approaches to enable fine-
grained, correspondence-level object understanding. Ex-
periments demonstrate that Morpheus significantly outper-
forms baselines, establishing a new paradigm for 3D object
understanding.

1. Introduction

Understanding objects in 3D from images is a long-standing
challenge in computer vision, with applications in robotics,
augmented reality (AR), and virtual reality (VR). Tradi-
tional 3D object understanding has primarily focused on
pose estimation, object detection, or 3D reconstruction.
However, current approaches fail to capture the fine-grained
semantics needed for reasoning about object parts, their
functions, and how they can be manipulated or interacted
with. A key step toward richer understanding is to establish
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semantic correspondences — estimating which points on dif-
ferent objects represent the same functional part. In 2D, this
problem has driven extensive research [16, 26, 27, 29, 37],
enabling applications like image matching, retrieval, and
style transfer. Yet, 2D correspondences are inherently lim-
ited by viewpoint dependence, occlusion, and symmetry
ambiguities. We therefore propose to move beyond 2D, and
towards the prediction of semantically aligned 3D locations
that remain consistent across all instances of a category (as
illustrated in Fig. 1). Unlike prior work that maps pixels into
normalized canonical spaces [19, 45], we suggest establish-
ing correspondences directly in camera space, yielding an
unambiguous representation for evaluation and downstream
reasoning. Formally, we define this novel task as follows:

Monocular Category-level 3D correspondence:
Given two query and target RGB-D images 19 and I of
objects from the same category, and a query 3D point
22 €R? in the camera space of 19, the task is to predict
the 3D point 2 € R? in I camera space that corre-
sponds to the same semantic part.

We illustrate the monocular category-level 3D corre-
spondence in camera space setup via 3D meshes in
Fig. 3a. Unfortunately, existing benchmarks such as
NOCS-Real275 [45], Wild6D [7], OmniNOCS [19], and
Omni6DPose [61] only provide pose annotations, segmen-
tation, and depth, but lack category-level 3D correspon-
dences. To address this gap, we introduce HouseCorr3D,
a large-scale benchmark for monocular category-level 3D
correspondence in camera space. HouseCorr3D covers
50 everyday object categories with 178k images and 280
unique object instances, each annotated with semantic 3D
keypoints directly on CAD models that project consistently
across all views. Crucially, our annotations include amodal
correspondences—correspondences for object parts that are
occluded or not visible in the image. This capability is in-
spired by human reasoning [57], where we naturally infer
the complete 3D structure of objects even under occlusion,
and is essential for robotic manipulation where planning
grasps and interactions requires understanding the full spa-
tial extent of objects [53], not just visible surfaces. We also
explicitly annotate object symmetries, ensuring symmetric



Figure 1. Monocular Category-level 3D Correspondence. We predict semantically consistent 3D keypoint locations across different in-
stances of the same category from single RGB-D images. Our morphable priors enable establishing correspondences (shown with matching
colors) that remain semantically aligned despite large shape variations, enabling ne-grained object understanding beyond traditional pose
estimation and 2D semantic correspondence.

objects have multiple valid correspondences and avoiding (iv) We demonstrate that Morpheus substantially out-

unfair penalization of symmetry-equivalent predictions. To- performs existing baselines on HouseCorr3D,
gether, these properties address fundamental limitations of establishing a new paradigm for ne-grained,
pose-focused datasets and, for the rst time, enable quanti- correspondence-level 3D object understanding.
tative evaluation of category-level 3D correspondence from

single images. 2. Related work

Building on our benchmark, we propose Morpheus, a
framework that learns morphable category-level shape pri- 2D Semantic Correspondence. 2D correspondence has
ors to establish consistent 3D correspondences across inadvanced from local descriptors and dense ows (e.g.,
stances directly in camera space. Instead of relying onSIFT [25], DAISY [42], SIFT Flow [22], DeepFlow [47]) to
a xed canonical representation, Morpheus learns a de-transformer-based self-supervised features [3, 32, 60, 63],
formable 3D template for each category that adapts towhich exhibit emergent semantic alignment and achieve
instance-speci ¢ shape variations while preserving corre- strong results on benchmarks like SPair-71K, PF-PASCAL,
spondences. During training, our method jointly optimizes and TSS [13, 21, 27]. Dedicated matchers such as LoFTR,
a 3D morphable prior, instance-speci ¢ shape deforma- COTR, DiffMatch [16, 29, 37], and spherical-map ap-
tions, and their 2D projection consistency. At inference, proaches [6, 26] further improve dense matching. While
given a single RGB-D image, Morpheus predicts both the highly effective, these approaches remain limited to the im-
object's 3D shape in camera space and its semanticallyage domain and do not predict 3D canonical coordinates or
aligned keypoints, enabling direct correspondence evalua-e€nforce semantic consistency across instances in 3D space.
tion without pose normalization. 3D Keypoint and Correspondence Methods. Prior
In summary, our contributions are as follows: work explored correspondence mapping in the 3D domain
(i) We identify monocular category-level 3D corre-  through keypoint detection and surface mapping. Key-
spondence in camera space as a key next step be- pointNet [58] introduced a large-scale dataset for learn-
yond pose-centric representations toward semanti-ing category-consistent 3D keypoints, while others [15, 56]
cally aligned 3D understanding. leverage keypoints for cage-based deformations and shape
(i) We introduce HouseCorr3D, the rst large-scale control. Canonical surface mapping [20] establishes cor-
benchmark for category-level 3D correspondence, respondences by predicting UV coordinates on canonical
comprising 178k images across 50 household cate-templates, and Mesh R-CNN [8] jointly predicts mesh
gories and 280 instances, with mesh-based keypointreconstructions with instance segmentation from 2D im-
annotations, amodal correspondences, and explicitages. Recent semantic alignment methods [24, 44, 59]
symmetry labels. explore learning consistent correspondences across cate-
(iii) We propose Morpheus, a framework that learns mor- gories and human poses in 3D. DenseMatcher [64] extends
phable category-level shape priors to establish se- matching to the mesh domain via functional maps, pro-
mantically consistent 3D correspondences directly in jecting multiview features onto 3D geometry. However,
camera space. these approaches have fundamental limitations: Keypoint-



Net [58], Keypointdeformer [15], Yifan et al. [56], and Table 1. Comparison to existing correspondence datasets. Prior
DenseMatcher [64] require ground-truth 3D meshes as in-benchmarks are limited in their evaluation to either 2D camera
put; methods like [15, 24, 59] operate exclusively in 3D SPace or 3D object space. In contrast, HouseCorr3D focuses on
space without bridging to image-based features; and criti-3D camera space across 50 classes. This aIIow; us to evaluate the
cally, none provide large-scale evaluation benchmarks with Li?rseosmg?] dﬁiaebs”wﬁ; O?th ;nn(:gioilgﬁrs g‘;teh;is’alcn:;ucjmg amodal
explicit handling of occlusion and symmetry. These lim- P 9 : P '

itations prevent their applicability to real-world scenarios  pataset pairs  classes input eval. space
where RGB(-D) images are predominantly available.

Pascal-Parts [5] 4k 20 2D 2D camera

Morphable Models and Shape Priors. Morphable PF-Pascal [13] 2k 20 2D 2D camera

models achieve category-level understanding by capturing SPair7ik[27] 7k 18 2D 2D camera
. ™ . KeyointNet [58] N/A 16 3D 3D object

intra-class shape variability through deformable canoni- i espondenceNet 24 NA o5 3D 3D object
cal templates. Classic work focused on faces and human DenseCorr3D [64] N/A 23 3D 3D object

bodies (e.g., 3D Morphable Models [1], SMPL [23]), es-  HouseCorr3D 178k 50 25D 3D camera

tablishing the foundation for template-based shape model-

ing. Recent approaches [17, 30, 35, 36] extend these ideas

to more diverse object classes using learned deformationd/lar images, featuring 3D keypoints shared across all in-
or diffusion-guided generation. Deformation-based meth- Stances within 50 object categories, with amodal labels for
ods [11, 41, 46] map instances to template meshes usingccluded regions and explicit symmetry handling. This ad-
neural networks, while template-free approaches [31] learndresses a fundamental gap in current datasets and enables
canonical coordinate systems without relying on a single duantitative evaluation of correspondence-based 3D object
exemplar. More recent work leverages foundation modelsunderstanding in camera space.

for semantic alignment across categories [30, 35], where

semantically corresponding parts map to consistent repre-3. Monocular Category-level 3D Correspon-
sentations. Domain-speci c efforts have also addressed hu-  dence Benchmark

man bodies [12] and a range of animals [52]. Despite this Motivation. We introduce the rst benchmark f ‘
progress, generalizing morphable models to diverse every- otivation. We introduce Iné rstbenchmarkior category-
level correspondences in 3D camera space. Unlike prior

day objects with consistent 3D correspondences across in- . A
stances remains an open challenge, especially for method atasets that focus exclusively on correspondences in ei-
ther 2D camera space [13, 27, 39, 43, 48] or 3D object

that operate only from image inputs. ) space [64]. On the one hand, compared to reasoning in 3D
Benchmarks for Category-Level 3D Understanding.  gpject space, advancing monocular methods at estimating in
To the best of our knowledge, there exists no dataset that3p camera space, removes the need for ambiguous object-
enables category-level 3D correspondence evaluation fromgenric spaces, whereby neither the center nor the scale is
monocular images. Prior works [49] lift 2D images from \yg|l.de ned. On the other hand, compared to estimation
domain-speci ¢ datasets [43, 48] to 3D using multi-view iy 2p camera space the 3D camera space enables: a) the
consistency but lack 3D evaluation benchmarks. - Large- eyajuation of amodal correspondences, b) modeling object
scale 3D shape collections such as ShapeNet [4] and Modsymmetries explicitly, and c) enforcing methods to perform
elNet [50] provide CAD meshes, while ShapeNetPart [55] 3p gver 2D reasoning.
and PartNet [28] add part-level labels, but these lack 55k de nition. Given two RGB-D images 9 and f

consistent point-level cprrespon_dences across instancesdepicting objects from the same category, and a query 3D
Pose-focused datasets like Omni6DPose [61], CO3D [33]'point x4 2 R3 in the camera space of,| the task is to

Pix3D [38], Pascal3D+ [51], and Omni3D [2] provide pose predict the corresponding 3D point 2 R3 in the cam-
annotations in realistic scenes but do not supply semantic,g 4 space oftlthat represents the same semantic part of
amodal, or point-level correspondences across diverse inype object. Formally, it can be expressed as a mapping
stances. NOCS datasets [19, 45] introduced normalized cos - (x %1911 1 x t. The evaluation is performed using
ordinate spaces for pose estimation but are not designeghe eyclidean distance between the groundtruth target point
for evaluating category-level correspondences. DenseC~t gnd the predicted target point,&le ned as

orr3D [64] takes a valuable step with part-level mesh anno-

tations and functional-map evaluation, but operates exclu- d®rt:x) = Rt x ! ) (1)
sively in 3D with pre-reconstructed meshes. Thus, current

3D benchmarks do not bridge the gap between 2D-basedrhe performance of a model is measured by computing
and 3D correspondence methods. the percentage of correctly predicted points within a given
In contrast, HouseCorr3D is explicitly designed for threshold on the euclidean distance (e.g., PCK@0.1), using
category-level 3D correspondence evaluation from monoc-the largest of, width w, height h, and depth d of the object's
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