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Abstract. Data plays a crucial role in training learning-based methods for 3D
point cloud registration. However, the real-world dataset is expensive to build,
while rendering-based synthetic data suffers from domain gaps. In this work, we
present PointRegGPT, boosting 3D Point cloud Registration using Generative
Point-cloud pairs for Training. Given a single depth map, we first apply a ran-
dom camera motion to re-project it into a target depth map. Converting them
to point clouds gives a training pair. To enhance the data realism, we formulate
a generative model as a depth inpainting diffusion to process the target depth
map with the re-projected source depth map as the condition. Also, we design
a depth correction module to alleviate artifacts caused by point penetration dur-
ing the re-projection. To our knowledge, this is the first generative approach that
explores realistic data generation for indoor 3D point cloud registration. When
equipped with our approach, several recent algorithms can improve their perfor-
mance significantly and achieve SOTA consistently on two common benchmarks.
The code and dataset will be released on https://github.com/Chen-
Suyi/PointRegGPT.
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1 Introduction

3D point cloud registration is a fundamental task with various applications in robotics.
Recent learning-based registration methods [5, 10, 21, 39, 51, 63] have achieved signif-
icant success, largely driven by the utilization of large-scale datasets. The cornerstone
of these approaches lies in the quality of their training datasets.

To build robust models for real-world scenarios, a qualified dataset should possess
three key attributes: data quantity, label quality, and point cloud realism. However, it is
challenging for existing point cloud registration datasets to simultaneously satisfy all
these characteristics. The most common approach involves collecting data from real-
world scenes using depth cameras and gyroscopes [65]. Nevertheless, gyroscope data
⋆ Corresponding author.
2 Department of Computer Science and Engineering; Institute of Medical Intelligence and XR.
3 HKUST Shenzhen-Hong Kong Collaborative Innovation Research Institute.

https://orcid.org/0009-0009-2566-7526
https://orcid.org/0000-0003-3676-5737
https://orcid.org/0000-0003-3983-9287
https://orcid.org/0000-0002-5070-7392
https://orcid.org/0000-0002-4170-4552
https://orcid.org/0000-0002-5238-593X
https://orcid.org/0000-0002-4506-6973
https://orcid.org/0000-0002-8815-5335
https://github.com/Chen-Suyi/PointRegGPT
https://github.com/Chen-Suyi/PointRegGPT


2 S. Chen, H. Xu, et al.

Fig. 1: Comparison among methods of obtaining training data for 3D point cloud registration. Our
approach stands out by generating overlapping point clouds from single depth maps, bypassing
the need for laborious human annotations in real-world datasets or additional 3D scene meshes
required in rendering-based datasets.

is often prone to errors, necessitating manual annotations and complex calibration pro-
cesses to ensure accurate camera pose labels. This limitation restricts the availability of
high-quality annotated data in large quantities. An alternative method [8] entails render-
ing registration data from graphic models, enabling automatic generation of large-scale
point cloud pairs with accurate camera pose labels. However, such rendering-based syn-
thetic dataset falls short in satisfying the realism criteria, affecting the performance of
models due to the domain gap between synthetic and real-world scenes. Though recent
efforts [8] have attempted domain adaptation through GAN-based techniques, bridg-
ing this distribution gap remains challenging due to the inherent instability of unpaired
GAN-based learning processes.

To the best of our knowledge, there is currently no dedicated method proposed for
the automated generation of large-scale, high-quality, real-world point cloud registra-
tion data. While some efforts [19,54,61] have attempted to generate point cloud regis-
tration data from individual real-world point clouds to facilitate cross-domain transfer
or self-supervised learning, these methods primarily involve a relatively simple pipeline
of cropping portions from individual real-world point clouds and randomly introducing
camera poses to create registration data pairs. While the source point cloud originates
from real-world acquisitions, the resulting target point clouds lack realism, leading to
limited dataset diversity and generalization capability of point cloud registration.

In this paper, we introduce a novel method, PointRegGPT, to automatically create
large-scale, realistic datasets for enhancing 3D point cloud registration in real-world
applications. Fig. 1 and Tab. 1 show an illustration of our PointRegGPT in comparison
with existing methods of obtaining real-world dataset and rendering-based dataset. Our
approach generates point cloud pairs from single depth maps, using generative models
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