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ABSTRACT

Point Cloud Semantic Segmentation in the Open-World

Yuheng Lu (Computer Application Technology)
Directed by Prof. Xiaodong Xie

ABSTRACT

Point clouds represent 3D structures that are essential for an intelligent agent to perceive its
surroundings. Semantic segmentation assigns categories to points, providing semantic context.
Segmented point clouds are essential for agent decision making, planning, and control. Recent
advances in deep learning have spawned a variety of 3D point cloud semantic segmentation
methods that rely on extensive annotated data following the [.I.D. assumption. However, Real-
world scenarios often fail to meet these requirements due to labor-intensive annotation and
variable data distribution. This thesis focuses on semantic segmentation of open-world point
clouds under low-label conditions.

This thesis addresses the aforementioned challenges by first building a source domain
model following the I.I.D assumption and then extending this model to the open-world. To
construct source-domain models, we explore low-label learning methods that leverage large-
scale unlabeled data together with limited data annotations. Building on this foundation, we
sequentially introduce domain shift and category shift to transfer source-domain models to
the open-world via exploratory domain adaptation and open-set recognition methods. The
proposed method, originally devised for power inspection, is applicable to a wider range of
applications. The innovative contributions encompass:

This thesis proposes a self-supervised learning method based on multi-modal masked
autoencoders, which extract general point cloud features by characterizing unlabeled data
patterns and point cloud-image pairing relationships. Complementary masking is applied to
both the point cloud and the image, and the backbone network is trained to reconstruct the
original input. Additionally, we create the PowerLineSeg dataset for power inspection point
cloud semantic segmentation. Visualization of the self-attention layer shows strong activation
between paired images and point clouds. Compared to the baseline method, our approach
achieves a 2.02% improvement in average intersection and union (mloU).

This thesis proposes a scene partition-based active learning approach for point cloud
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semantic segmentation. It adaptively selects and labels key samples by evaluating expected
label values of unlabeled data, improving sample selection in both temporal and spatial domain.
Spatially, it divides scene-level point clouds into regions, while temporally, it iteratively
allocates limited labeling resources, enhancing scene partitioning and value evaluation over
time. Results on PowerLineSeg show that the proposed method reduces 85% labeled data with
similar mIoU.

This thesis proposes a domain adaptation method for point cloud semantic segmentation,
guided by a pre-trained visual model. Leveraging the visual model as external knowledge, it
enhances domain correlation to address domain shift challenges. The method utilizes visual
model predictions to generate pseudo-labels for the target domain and mitigates domain gap
through cross-domain representation alignment. Additionally, it transfers external knowledge
to the semantic segmentation model via cross-modal representation alignment. Results on
PowerLineSeg demonstrate that the proposed method yields a significant 16.08% improvement
in mloU compared to direct transfer.

This thesis proposes an open-set point cloud semantic segmentation method based on
multi-modal contrastive learning. It first models the open-set representation and then correlates
the multi-modal representation, enabling the model to identify open-set categories, addressing
the category shift challenges. Specifically, this method replaces the cross-entropy loss with
a contrastive loss, aiding in the modeling of open-set representation through metric learning.
Additionally, it leverages the pairing relationship between ”point cloud and image” and “image
and text,” using images as intermediaries to connect text and point cloud representations
through de-biased multi-modal contrastive learning. Results on PowerLineSeg show a notable
12.01% improvement in mloU for open-set semantic segmentation, all without the need for
additional annotations.

In summary, this thesis initially constructs the source domain model through self-
supervised pretraining and supervised fine-tuning on key samples. Subsequently, this model
is adapted to the open-world via domain adaptation and open-set semantic segmentation. The
proposed method has been successfully piloted and implemented in power inspection around
China. Moreover, it significantly enhances the efficiency of point cloud semantic segmentation
for power inspection, establishing a solid foundation for its application in open-world power

inspection scenarios.

KEYWORDS: Point Cloud Semantic Segmentation, Self-supervised Pre-training, Active

Learning, Domain Adaptation, Open-Set Recognition
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