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Semi-Supervised Learning



Unsupervised Domain Adaptive(UDA)
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Self-Training

An example of Self-Training

teacher

student



Basic Self-Training

Given student 𝜃𝑡 and teacher 𝜙𝑡 at time t,

每次迭代：
1. 对教师进行EMA更新
2. 教师网络产生伪标签
3. 学生网络监督式训练更新

EMA更新当前teacher

Student监督训练更新

teacher产生的伪标签

这一形式的self-training一
般称作mean-teacher

Confirmation bias

学生网络的累积——教师



Self-Training

Supervision signals from the current teacher  Supervision signals come from the future teacher

Teacher, a temporal ensemble of the supervised student.



Future Self-Training

Given student 𝜃𝑡 and teacher 𝜙𝑡 at time t,

每次迭代：
1. 学生网络模拟更新一次
2. 教师网络EMA更新
3. 教师网络产生伪标签
4. 学生网络监督式训练更新

t 时刻的伪标签

t+1 时刻的伪标签

教师网络“提前”
更新一次

Naïve-FST

模拟学生网络更新



Future Self-Training

对t时刻学生网络的EMA消失了！

Naïve-FST

Improved-FST

恢复对t时刻学生模型的EMA



Future Self-Training

two variants: FST-D & FST-W 

FST-D
D-deeper

FST-W
W-wider

当前时刻虚拟的学生和教师

使用同样的训练样本对t时刻的学生和教师虚拟更新k次得到t+k时刻的学生和教师

使用上述虚拟的t+k时刻的教师

模拟N个不同学生网络，教师对N个虚拟学生进行EMA（虚拟学生网络初始都是𝜃𝑡，但当
前用于更新的样本不同，产生不同的梯度）



Future Self-Training

FST-D implementation

Pseudo code in pytorch style



Experiments
ablation study of FST-D & FST-W on UDA

future from same data batch future from different data batch

Discussing how to implement virtual update, using the same data or different data

Task: SYNTHIA -> Cityscapes



Experiments

Generalization on different backbones

FST here are the variant FST-D, K is the ahead steps

Task: SYNTHIA -> Cityscapes



Experiments

Superparameter analysis of FST-D and FST-W Task: SYNTHIA -> Cityscapes

FST-D using different K FST-W using different N

K means the steps ahead N means the num of different student ensembled



Experiments
Semi-supervised semantic segmentation on Pascal VOC 2012 

UDA semantic segmentation



Experiments
Performance on semi-supervised semantic segmentation 

All competitors are methods with improvement on basic framework. With any 
improvement tricks like strong data augmentation or contrastive learning.



Effect of FST on improving pseudo-label quality and performance.



Visualization 
Semi-supervised semantic segmentation on Pascal VOC 2012 


