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Definition of Panoptic Segmentation
Assign each pixel with a semantic label and 
unique identity to Things and Stuff.

Introduction

Comparison among tasks. [1]

Difficulties in Panoptic Segmentation
• Conflicting properties of  Things and Stuff.  

Things rely on instance-aware features, while 
Stuff need semantic-consistent characters.

• How to encode things and stuff in a unified 
representation? 

• How to model the relationship among things,
and between things and stuff?

[1] Alexander Kirillov, Kaiming He, Ross Girshick, Carsten Rother, and Piotr Doll´ar. Panoptic segmentation. In CVPR, 2019.



Previous methods satisfy demands separately
• Instance-awareness for things: box-based [2, 3, 4] or 

box-free [5, 6] branch.
• Semantic-consistency for stuff: FCN-based branch.
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[2] Alexander Kirillov, Ross Girshick, Kaiming He, and Piotr Doll´ar. Panoptic feature pyramid networks. In CVPR, 2019.
[3] Yuwen Xiong, Renjie Liao, Hengshuang Zhao, Rui Hu, Min Bai, Ersin Yumer, and Raquel Urtasun. Upsnet: A unified panoptic segmentation network. In CVPR, 2019.
[4] Yanwei Li, Xinze Chen, Zheng Zhu, Lingxi Xie, Guan Huang, Dalong Du, and Xingang Wang. Attention-guided unified network for panoptic segmentation. In CVPR, 2019.

Separate representation.

Architecture of UPSNet [3].
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Pipeline of  DeeperLab [5].

Separate representation.
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Pipeline of  Panoptic-DeepLab [6].

Separate representation.



Panoptic FCN represent them uniformly
• It encodes each instance into a specific kernel and generates 

the prediction by convolutions directly.
• Instance-awareness for things: each thing has unique kernel.
• Semantic-consistency for stuff: identical stuff has same kernel.

Panoptic FCN

[7] Yanwei Li, Hengshuang Zhao, Xiaojuan Qi, Liwei Wang, Zeming Li, Jian Sun, Jiaya Jia. Fully Convolutional Networks for Panoptic Segmentation. In CVPR, 2021.

Framework of  Panoptic FCN [7].

Unified representation.



Unified loss function in Panoptic FCN
• Loss function for position localization

Panoptic FCN

[7] Yanwei Li, Hengshuang Zhao, Xiaojuan Qi, Liwei Wang, Zeming Li, Jian Sun, Jiaya Jia. Fully Convolutional Networks for Panoptic Segmentation. In CVPR, 2021.

Framework of  Panoptic FCN [7].

• Loss function for segmentation



Component-wise Analysis in Panoptic FCN
Ablation studies on kernel generator and feature encoder.

Results & Analysis



Component-wise Analysis in Panoptic FCN
Ablation studies on loss function and feature encoder.
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Component-wise Analysis in Panoptic FCN
Ablation studies on loss function and speed-accuracy.

Results & Analysis



Results of Panoptic FCN
It surpasses previous box-based and box-free methods with efficiency.
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Visualization of Panoptic FCN
It achieve fine results on common context and traffic-related scenarios.
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More unified localization branch
For example, utilize center to represent Things and Stuff simultaneously.

Future Work

Simplified panoptic generation
Currently, using argmax for panoptic generation brings 1.4% PQ drop.

More sparse kernel generation
More sparse kernel representation is needed to drop kernel generation.
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