
: Reversible Unfolding Network for Concealed Object Segmentation
Chunming He1, Rihan Zhang1, Fengyang Xiao1,†, Chenyu Fang2, Longxiang Tang2, 

Yulun Zhang3, Linghe Kong3, Deng-Ping Fan4, Kai Li5, Sina Farsiu1,†
1 Duke University, 2 Tsinghua University, 3 Shanghai Jiao Tong University, 4 Nankai University, 5 Meta, 

Introduction

Challenges：
Reversible modeling improves segmentation by focusing on 
uncertain mask regions (pixels with values between 0 and 1) 
to extract subtle discriminative cues. Current strategies, 
however, are limited to the mask level, overlooking the the 
RGB domain. As shown in (d) and (e) in the figure, this 
RGB uncertainty often manifests as color distortion when 
reversibly separat ing foreground and background. 
Addressing these color distortions could further refine 
segmentation by enabling more precise delineation. 

Contribution：
1. We propose RUN, the first deep unfolding network, for 
the COS task, balancing interpretability and generalizability.
2. RUN proposes a novel COS model designed to reduce 
segmentation uncertainties and introduces SOFS and 
ROBE modules to integrate model-based optimization 
solutions with deep networks. RUN directs the network's 
focus to uncertain regions, thereby reducing false-positive 
and false-negative outcomes. 
3. Experiments on five COS tasks, as well as salient object 
detection, validate the superiority of our RUN method in 
effectiveness and generalizability. 

Network architecture
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Framework of our RUN. The network connects in the first part of SOFS and ROBE are derived 
strictly based on mathematical principles, thus enhancing interpretability. Panel (ii) illustrates that 

the joint optimization of image segmentation and reconstruction tasks.
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Experiment

Results on camouflaged object detection.

Visual comparison on COD, PIS, MTOS, and TOD tasks.

Performance in degraded COS scenarios.

Potential of RUN to serve as a refiner. Generalization of RUN.
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1. I am looking for a summer internship in the US in 2026. 
Feel free to contact me!
2. Our lab is looking for research assistants. Feel free to 
email me directly and cc Prof. Sina Farsiu.


