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Motivation 
• In large-scale urban environments, many scene elements, such as 

buildings, trees, and lamp posts, exhibit similar geometric characteristics 
across different locations. Consequently, relying solely on geometric 
feature representations may produce ambiguous scene representations. 
In contrast, the relative spatial arrangements and contextual interactions 
among neighboring structures often provide more distinctive cues for 
place recognition, as places with similar local appearances may still differ 
significantly in their spatial configurations. Motivated by this observation, 
we propose a novel relation-aware network (RA-Net) for large-scale point 
cloud-based place recognition, which jointly exploits local relational 
information and global features to learn more discriminative scene 
representations.  
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Main idea 
 We propose a spatial relation feature extraction (SRFE) module that 

learns relation-aware contextual information within local neighborhoods. 
Instead of treating neighboring points equally during feature aggregation, 
the SRFE module adaptively exploits contextual cues by jointly 
considering feature discrepancies and relative spatial information among 
neighboring points.  

 A global feature extraction (GFE) module is proposed to enhance scene 
representation by incorporating global contextual information into 
pointwise features. Specifically, max pooling is employed to capture the 
most salient feature responses across the scene, while feature interaction 
between the global context representation and point features is used to 
enrich the feature embedding.  

 The effectiveness of the proposed approach is rigorously evaluated on 
four benchmark datasets, demonstrating superior performance compared 
to state-of-the-art (SOTA) methods.  
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Conclusions 

In this paper, we propose a novel point cloud-based place recognition 
network RA-Net. By learning relation-aware local representations and 
incorporating global contextual information, the proposed method 
generates more discriminative scene descriptors for robust large-scale 
place recognition. Extensive experiments on benchmark datasets 
demonstrate that the proposed RA-Net achieves superior performance 
compared to SOTA methods.  
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