
Introduction:

We propose to solve instance segmentation problem by
distributing crowded, even overlapping objects into
different layers. The model learns to only group spatially
separated objects into the same layer (layering).

In comparison to previous methods, our approach is not
affected by complex object shapes or object overlaps.
With minimal post-processing, our method yields very
competitive results

Instance Segmentation of Dense and Overlapping Objects via Layering
Authors: Long Chen 1, Yuli Wu 1 and Dorit Merhof 2

1. Institute of Imaging & Computer Vision RWTH Aachen University Aachen, Germany
2 Faculty of Informatics and Data Science, University of Regensburg, Germany

Approaches:

The model is trained in 2 phases: layering training and 
overlap completion with the following loss:
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1,2+[𝐿𝑙𝑎𝑦𝑒𝑟𝑖𝑛𝑔]𝑆𝑓𝑛

1,2 +[𝐿𝑜𝑣𝑒𝑟𝑙𝑎𝑝]𝑆𝑓
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, where the subscript of [・] denotes on which area a loss
term is computed: 𝑆 , 𝑆𝑓 and 𝑆𝑓𝑛 represent the whole

image, the foreground and the foreground without object
overlap. The superscript indicates in which training phase
the loss term is included.

Figure 1: Overview of the model and training phases.

• Layering training: the model learns to assign foreground
pixels to one of the layers, maintaining the restriction
that neighboring objects should be located in different
layers.

𝐿𝑙𝑎𝑦𝑒𝑟𝑖𝑛𝑔 = 𝐿𝑎𝑡𝑡𝑟 + 𝐿𝑟𝑒𝑝 + 𝐿𝑠𝑝𝑎𝑟𝑠𝑒
𝐿𝑎𝑡𝑡𝑟 : draw pixels of the same object together
𝐿𝑟𝑒𝑝: push neighboring objects into orthogonal space 

𝐿𝑠𝑝𝑎𝑟𝑠𝑒: imposes preferences for one-hot vector

• Overlap completion: 
• generate N binary masks by ordering each object

mask into one of the N layers, based on the layering
results of the object’s overlap-free part

• apply the Dice-like loss term 𝐿𝑜𝑣𝑒𝑟𝑙𝑎𝑝 with the

generated masks as pseudo ground truth

Figure 2: Activation map of each layer. Spatially adjacent 
objects are successfully distributed to different layers.

Results:
• Qualitative results: a few typical errors is marked (red: 

false suppression, green: merged objects, yellow: 
inaccurate shape, blue: incapability to handle overlap)

• Quantitative results: Average precisions (AP) under 
different IoU thresholds, mean average precision, and the 
Aggregated Jaccard Index (AJI) are reported

(for detailed expression of the loss terms and supplementary 
experimental results, refer to the paper)


