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Weakly-supervised Semantic segmentation
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Zhou, Bolei, et al. "Learning deep features for discriminative localization." CVPR 2016.

Pseudo label
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(a) CAM using ViT-S，9 attention blocks

(b) CAM using ViT-B，12 attention blocks

CAMs generated with deep ViTs cannot recognize different 
semantics.
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Observation

(a) Cosine similarity of patch tokens

• The intermediate layers can still preserve the semantic diversity.

(b) CAMs generated from final and 

intermediate layer



Caron, Mathilde, et al. "Emerging properties in self-supervised vision transformers." ICCV. 2021

DINO [Caron etal, 2021]
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• Differentiate the uncertain regions via aligning the class tokens of local uncertain regions and 

global regions.
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Observation
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Overall framework

• Patch token contrast loss:  ℒ𝑝𝑡𝑐 =
1

𝑁+
σ𝐘𝑖

𝑚=𝐘𝑗
𝑚 1 − 𝐶𝑜𝑠𝑆𝑖𝑚 𝐅𝑖 , 𝐅𝑗 +

1

𝑁−
σ𝐘𝑖

𝑚≠𝐘𝑗
𝑚 𝐶𝑜𝑠𝑆𝑖𝑚 𝐅𝑖 , 𝐅𝑗

• Class token contrast loss: ℒ𝑐𝑡𝑐 =
1

𝑁+
σ𝐪+ log

exp(𝐩⊤𝐪+/𝜏)

exp(𝐩⊤𝐪+/𝜏)+σ𝒒− exp(𝐩⊤𝐪−/𝜏)+𝜖
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Ablation
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Analysis of PTC

• PTC module can finely decrease the patch similarity of late layers.
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Analysis of CTC
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• Attention map in local images can capture non-salient object regions, which are often ignored in 

global images. 
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Semantic segmentation results
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Semantic segmentation results



https://github.com/rulixiang/ToCo
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https://github.com/rulixiang/ToCo
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