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Qualitative Results

Problem & Observation: 

• Pioneer methods only augment on the LiDAR side, causing the misalignment between modalities.

Solution: “Things are as easy as sharing a pie.”

➢ Cut and Make a Pair: Each cylindrical voxel is paired with corresponding image grids 𝑣𝑖 , 𝑔𝑖 . 

➢ Mixing: Determine the binary mask 𝐒 to organize the LiDAR-image pairs: 

     𝐕aug = 𝐕org ⊗ 1− 𝐒 + 𝐕new ⊗ 𝐒. This paradigm can be transformed to different modes:

• Instance Pasting: 𝐒 = ⋃𝑟=1,𝜃=1,𝑧=1
𝑅×Θ×𝑍 𝟙[(𝑟, 𝜃, 𝑧) ∈ 𝒞] 

▪ Remarks. PieAug can generalize most LiDAR-only augmentations like instance copy-paste, LaserMix, 

PolarMix etc., but achieve LiDAR & image synchronized augmentation.

Problem & Observation: 

• The projection error caused by virtual points, more severe when the voxel size grows.

• Ignore the effect of perceptive field for both 3D and 2D features. E.g., not indicate or 

constrained field limited by physical points.

Solution:

• Project physical points and aggregate the representation for accurate alignment.

• Apply scale embedding for both modalities. The scale is determined by virtual points. 

Problem & Observation: 

• Learnable queries tend to converge to easier samples.

• Giving query a positional hint helps model locating.

Geometric-Guided Token Fusion

More results can be found in our paper.

n
u

Sc
e

n
es

Se
m

an
ti

cK
IT

TI

• Ablation studies for proposed modules.

The visualization of panoptic prediction (left) and error map (right). IAL showcases significant performance 
improvements in: 1. distinguishing closed objects; 2. detecting distant objects; 3. recognizing FP and FN objects. 

Prior-Based Query Generation

Motivation:
LiDAR inherently suffers from sparsity, limiting its 
effectiveness for small or distant objects. Images, providing 
dense texture details, naturally complement LiDAR. To 
leverage this synergy, we propose Image-Assists-LiDAR (IAL).

Key objectives:
• Propose a multimodal 3D panoptic segmentation 

framework without cumbersome post-processing.
• Introduce PieAug, a generalized approach for 

synchronized LiDAR-image augmentation.
• Design GTF and PQG modules to align and complement 

LiDAR and image features by generating effective tokens 
and queries.

PieAug Experiments
Our IAL method achieves SOTA results on outdoor panoptic segmentation:

• Rank 1st on the nuScenes-panoptic leaderboard.

• Highest performance on nuScenes and SemanticKITTI validation sets.

• Outperforms LCPS and Panoptic-FusionNet by up to 5.1% on PQ.

Solution:

➢ Geometric-Prior Query

• LiDAR feature excels in precise location prediction.

• Predict BEV center heatmap and average the height.

➢ Texture-Prior Query

• Texture feature is denser for hard samples, e.g., small and remote objects. 

• Extract the 2D mask and Clustering 3D points within the mask frustum. 

➢ No-Prior Query

• instances without advanced priors exhibit specific representation paradigm.

• Apply learnable queries to learn this paradigm.

All thing queries and semantic queries are combined and updated through transformer. 

• Scene Swapping: 𝐒(𝑟, 𝜃, 𝑧) = ቊ
1,  if 𝜃 ∈ 𝒪
0,  otherwise 
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