
3D Occupancy Prediction with Low-Resolution 
Queries via Prototype-aware View Transformation

Gyeongrok Oh*, Sungjune Kim*, Heeju Ko, Hyung-gun Chi, Jinkyu Kim, Dongwook Lee, 
Daehyun Ji, Sungjoon Choi, Sujin Jang, Sangpil Kim



Motivation

• Efficient 3D Voxelization is critical for camera-based 3D Occupancy Prediction (3DOP).

• While reducing voxel query size speeds up inference, it often sacrifices performance by missing fine-

grained spatial details.

• To overcome this challenges, we integrate comprehensive visual contexts into low-resolution voxel 

queries, enabling accurate and efficient 3DOP.



Contributions

• Introducing ProtoOcc as an exemplar in 3DOP by using computationally efficient low-resolution voxel 

queries

• A prototype-aware view transformation and multi-perspective decoding strategy for enhancing the 

representations of low-resolution voxel queries.

• Demonstrating clear improvements over previous state-of-the-art methods in two major benchmarks, 

along with detailed analyses.



Overview

We introduce ProtoOcc, a novel occupancy network leveraging image prototype representations in view 

transformation for low-resolution context enhancement.

2. Multi-perspective Occupancy Decoding

• Multi-perspective View Generation

• Scene Consistency Regularization

1. Prototype-aware View Transformation

• Prototype Mapping

• Prototype Optimization



Method

Prototype-aware View Transformation



Method

Prototype-aware View Transformation

• Iterative Feature Grouping

• Iteratively update the image features by utilizing iterative 

grouping strategy to obtain 2D prototype features.

• Prototype Mapping

• Lift 2D prototype features into the 3D voxel query space.



Method

Prototype-aware View Transformation

• Prototype Optimization

• We introduce pseudo-2D supervision to guide cluster learning absent in 

standard 3DOP.

• The above process acts as a bridge for mapping 3D voxel queries onto 

2D grid cells.

• Pseudo masks from clustering or a foundation model guide contrastive 

loss, enhancing prototype distinctiveness.



Method

Multi-perspective Occupancy Decoding

• Multi-perspective view generation

• Introduce feature-level and spatial-level voxel augmentation to generate diverse context views.

• Shared kernel yields diverse scene view from local voxel variants.

• Scene Consistency Regularization

• Enforce semantic consistency via GRAND by minimizing L2 distances between augmented predictions and their average.



Experiments

• We train and evaluate our method on two representative tasks in 3D scene understanding: 3D occupancy 

prediction (3DOP) and 3D semantic scene completion (3DSSC).

• Benchmark Datasets:

• Occ3D-nuScense

• SemanticKITTI



Experiments

Quantitative Results

• Below table indicates the quantitative results on the Occ3D-nuScenes and SemanticKITTI validation set. 

• Not only does ProtoOcc stand out in its category, but also by comparing the results within the same color marks. 

• It is apparent that ProtoOcc can overcome query deficiencies, performing on par even with higher-resolution counterparts.



Experiments

Qualitative Results

• Our proposed ProtoOcc enables to capture the long-range objects and occluded objects. 



Experiments

Driving Video



Experiments

Ablation Study

• We conduct ablation studies to analyze the impact of augmentation and prototype settings. 



Conclusion



Thank you for listening
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