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Abstract

We introduce TAPIP3D, a novel approach for long-term 3D point tracking in
monocular RGB and RGB-D videos. TAPIP3D represents videos as camera-
stabilized spatio-temporal feature clouds, leveraging depth and camera motion
information to lift 2D video features into a 3D world space where camera movement
is effectively canceled out. Within this stabilized 3D representation, TAPIP3D
iteratively refines multi-frame motion estimates, enabling robust point tracking over
long time horizons. To handle the irregular structure of 3D point distributions, we
propose a 3D Neighborhood-to-Neighborhood (N2N) attention mechanism—a 3D-
aware contextualization strategy that builds informative, spatially coherent feature
neighborhoods to support precise trajectory estimation. Our 3D-centric formulation
significantly improves performance over existing 3D point tracking methods and
even surpasses state-of-the-art 2D pixel trackers in accuracy when reliable depth is
available. The model supports inference in both camera-centric (unstabilized) and
world-centric (stabilized) coordinates, with experiments showing that compensating
for camera motion leads to substantial gains in tracking robustness. By replacing
the conventional 2D square correlation windows used in prior 2D and 3D trackers
with a spatially grounded 3D attention mechanism, TAPIP3D achieves strong and
consistent results across multiple 3D point tracking benchmarks. Project Page:
tapip3d.github.io

1 Introduction

Tracking points over time in video—especially through occlusions—has become a valuable tool in
robotics and action recognition [20}[19}[12]]. Fine-grained motion estimation at the particle level offers
a unified framework for capturing temporal changes in object pose, part articulation, deformable
structures, and even granular materials. However, most existing point trackers operate either directly
in pixel space [20, |19, [12] or in pixel space augmented with depth information [48| [30]. Yet, the
predominant source of apparent motion in video is often camera movement, not object motion. Since
real-world dynamics unfold in 3D, tracking points directly in 3D space—rather than in the image
plane—may be more natural and effective.

In this paper, we ask: Can recent advances in camera pose and depth estimation enable more effective
3D point tracking by explicitly representing and tracking points in 3D, while compensating for camera
motion?

To this end, we propose TAPIP3D for Tracking Any Point in Persistent 3D Geometry, a 3D point
tracking method that represents and iteratively updates multi-frame 3D point trajectories through
spatio-temporal attentions in an RGB-D video. Our method represents a video as a spatio-temporal
3D feature cloud. Each point in the cloud represents a 2D feature vector lifted to a corresponding 3D
coordinate (X, Y, Z) using sensed or estimated depth. Under known camera motion, we construct
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Figure 1: TAPIP3D performs long-term 3D point tracking in a persistent, camera-stabilized world
space of 3D feature clouds, surpassing prior methods [48| [30] that operate in camera-dependent
UVD (UV pixels + Depth) spaces. Using depth maps and camera poses provided or estimated
via MegaSaM [25]], TAPIP3D constructs a 3D world space in which camera motion is effectively
canceled out. As a result, the 3D trajectories of sampled dynamic points—represented in XYZ world
coordinates—are significantly smoother and more linear than those produced in UVD space.

camera-stabilized spatio-temporal feature clouds by applying extrinsics, as shown in Figure[I} Our
method performs tracking in either the camera or world 3D feature space by directly featurizing
scene coordinates using 3D attentions. Specifically, it identifies the local 3D neighborhood for
each query trajectory coordinate as a query group and replaces traditional 2D CNNs with a novel
Neighborhood-to-Neighborhood cross-attention design. This mechanism enables the deep feature
representation of a query point group at a given timestep to attend to the features of a key point
group, i.e., its neighboring 3D points at future timesteps. Moreover, within these cross attentions, we
incorporate the 3D relative offset between the query trajectory point and the neighboring target point
into the attention values, alongside appearance features, thereby enhancing spatial context awareness.

We test TAPIP3D in established 3D point tracking benchmarks of TAPVid3D [21]], LSFOdyssey [40]],
Dynamic Replica [18] and DexYCB [4] for tracking points in 2D and 3D, using depth from ground-
truth, sensors, or estimators, in camera and world 3D coordinate frames. We show TAPIP3D
outperforms all previous methods in 3D point tracking metrics, with an especially large margin when
accurate depth is available. While existing methods pursue 3D tracking in camera coordinates [30} 48],
our experiments show that it is better to track in a “world” coordinate frame, which can be estimated
by recent camera and depth estimation methods such as MegaSaM [23]. In addition to showing the
impact of coordinate system choices, we ablate the contributions to performance from 3D-centric
featurization and quality of depth estimation.

In summary, we present TAPIP3D for 3D point tracking from RGB-D and RGB videos that uses 3D
feature clouds for video to estimate 3D point tracks, which demonstrates state-of-the-art performance
when ground-truth / sensor depth is available and competitive performance with estimated depth [25]].
It can exploit recent advances in depth and camera pose estimation [25}47]] and deliver both camera
and world-centric 3D tracks. To our knowledge, TAPIP3D is a pioneering 3D tracking method
capable of tracking in a 3D world-centric space, with camera motion factored out. We will release
our code upon acceptance.

2 Related Work

2D and 3D Point Tracking Recent advances in point tracking formulate the task as the estimation
of multi-frame point trajectories, moving beyond traditional pairwise optical flow estimation. Inspired
by earlier work on particle video [35], PIPs [12] introduces an iterative refinement approach with dense
cost maps. This work along with the Tracking Any Point (TAP) benchmark [7] have catalyzed a series
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