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Prior knowledge
Per-pixel classification vs. mask classification

n Per-pixel classification applies the same classification loss to each location

n Often used in Semantic Segmentation

n Mask classification predicts a set of binary masks and assigns a single class to each mask
n Often used in Instance Segmentation



MaskFormer
n Semantic/Panoptic Segmentation algorithm based on Mask Classification

n Converts any existing per-pixel classification model into a mask classification

n Solves both semantic- and instance-level segmentation tasks in a unified manner

n Do not change the model, losses, and training procedure



MaskFormer
Mask classification formulation

n Partitioning/grouping the image into N regions

n Output 𝑧 = 𝑝! , 𝑚! !"#
$

n 𝑝! ∈ ∆%&# is the probability distribution, K categories + ∅ (no object)

n 𝑚! ∈ 0,1 '×)

n Ground truth segment 𝑧*+ = 𝑐!
*+ , 𝑚!

*+ 𝑐!
*+ ∈ 1,⋯ , 𝐾 ,𝑚!

*+ ∈ 0,1 '×)
!"#

$!"

n Associating each region as a whole with some distribution with matching 𝜎

n Loss: ℒ,-./012. 𝑧, 𝑧*+ = ∑3"#$ − log 𝑝4 3 (𝑐3
*+) + 11#

!"5∅ℒ,-./(𝑚4 3 , 𝑚3
*+)



MaskFormer
n Transformer module

n Pixel-level module

n Segmentation module (training)

n Linear classify -> class probability predictions 𝑝! ∈ ∆%&# !"#
$

n MLP -> mask embeddings 𝜀,-./ ∈ 𝐶7×𝑁

n ℒ12.: Cross-entropy loss, ℒ,-./ = 𝜆891-2 ⋅ 𝑙891-2 + 𝜆:!1; ⋅ 𝑙:!1;



MaskFormer
n Segmentation module (inference)
n General

n For each output 𝑝! , 𝑚! !"#
$ ,

n arg max
!:1$5∅

𝑝! 𝑐! ⋅ 𝑚![ℎ, 𝑤], 𝑐! = arg max
1∈{#, … ,%,∅}

𝑝!(𝑐)

n Post process for panoptic segmentation: filter out low-confidence, NMS
n Semantic

n Drop ∅ and simple matrix multiplication



Experiments
Dataset
n Semantic Segmentation

n ADE20K, COCO-Stuff-10K, Cityscapes, Mapillary Vistas
n 8 V100 GPUs

n Panoramic segmentation
n COCO (64 V100 GPUs)
n ADE20K-Panoptic (8 V100 GPUs)



Experiments
Semantic Segmentation on ADE20K



Experiments
Compare with baseline



Experiments
Panoptic Segmentation on COCO



Experiments
Ablation Study


