
Not All Voxels Are Equal: Hardness-Aware 
Semantic Scene Completion with Self-Distillation

Song Wang1, Jiawei Yu1, Wentong Li1, Wenyu Liu1, Xiaolu Liu1,
Junbo Chen2* and Jianke Zhu1*

1Zhejiang University 2Udeer.ai

Contact: {songw, jkzhu}@zju.edu.cn, junbo@udeer.ai

https://github.com/songw-zju/HASSC

Poster: Arch 4A-E-17

https://github.com/songw-zju/HASSC


Overview

The local hardness with geometric 
anisotropy is adopted for voxel-wise 
refinement. 

The global hardness from the network 
optimization process is defined for 
dynamical hard voxel selection.

Self-distillation strategy is introduced 
to make training process stable and 
consistent.
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(a) Previous SSC Methods

(b) Our HASSC Method
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01 Motivation



Motivation

Cao A Q, De Charette R. Monoscene: Monocular 3d semantic scene completion. CVPR 2022.
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MonoScene, CVPR 2022



Motivation

Li Y, Yu Z, Choy C, et al. Voxformer: Sparse voxel transformer for camera-based 3d semantic scene completion. CVPR 2023.
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VoxFormer, CVPR 2023



The 3D dense space typically contains a 
large number of empty voxels, which 
are easy to learn but require amounts of 
computation due to handling all the 
voxels uniformly for the existing models. 

The voxels in the boundary region are 
more challenging to differentiate than 
those in the interior.

Motivation
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(a) Previous SSC Methods

(b) Our HASSC Method
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Our Framework
Propose a hardness-aware semantic scene completion (HASSC) 

scheme that can be easily integrated into existing models without 
incurring extra cost for inference.

Take advantage of both the global and local hardness to find the 
hard voxels so that their predictions can be refined by weighted voxel-
wise losses during training.
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Global Hardness

For the prediction of each voxel, we rank the probabilities of each 
class in decreasing order. The largest probability in C classes is 
represented as 𝑝𝑝𝑎𝑎, and the second largest one is denoted as 𝑝𝑝𝑏𝑏. 
Then, the global hardness of this voxel is defined as follows
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The global hardness measures the uncertainty of the semantic 
scene completion prediction between the class a and b, which varies 
with the optimization of the network. We mainly employ the global 
hardness to select hard voxels and refine their predictions.



Local Hardness
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Hard Voxel Mining (HVM) Head
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Training Loss
For Hard Voxel Mining

For Self-Distilltion

Totally,
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Performance  Comparison
—— SemanticKITTI Validation

Not All Voxels Are Equal: Hardness-Aware Semantic Scene Completion with Self-Distillation



Performance  Comparison
—— SemanticKITTI Test
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Ablation Study
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Ablation study on our proposed HASSC scheme



Ablation Study
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Visualization of the sum of the local hardness change
during training on both student and teacher branches



Ablation Study
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Comparison with baseline model on the 
training and inference efficiency

Comparison with other hard sample mining schemes

Ablation study on the number of hard 
voxel selection

Ablation study on the weight of self-distillation from
teacher model



Camera View (Left)

Performance on Sequence 08 
(validation set)

Semantic Scene Completion (Result)
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Camera View (Left)

Performance on Sequence 11
(hidden test set)

Semantic Scene Completion (Result)
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Camera View (Left)

Performance on Sequence 13
(hidden test set)

Semantic Scene Completion (Result)
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Camera View (Left)

Performance on Sequence 16
(hidden test set)

Semantic Scene Completion (Result)
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