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Summary

• Problem setup: Practical Test-Time Adaptation (PTTA)
• distribution change & correlative sampling

• Method: Robust Test-Time Adaptation (RoTTA)
• robust statistics estimation & category-balanced sampling & time-aware 

reweighting

• Experiments
• Performance gain: 5.9% on CIFAR-10-C, 5.5% on CIFAR-100-C, and 2.2%

on DomainNet



Background

• When training data and test data come from the same 

distribution, deep learning achieves excellent performance.
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Distribution Shift

• When training data and test data come from the same 

distribution, deep learning achieves excellent performance.
• In real world: distribution shifts exist everywhere.
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Distribution Shift

• When training data and test data come from the same 

distribution, deep learning achieves excellent performance.
• In real world: distribution shifts exist everywhere.
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Test data

Adapting deep models to new domains is critical

Training data



Test-time Adaptation

• Test-time adaptation (TTA) attempts to address distribution 

shifts during the inference stage.
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• Test-time adaptation (TTA) attempts to address distribution 

shifts during the inference stage.
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Test-time Adaptation

• Test-time adaptation (TTA) attempts to address distribution 

shifts during the inference stage.

• Existing setup: Fully TTA, Continual TTA, Non-i.i.d. TTA



Test Stream in Real World
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Practical Test-time Adaptation

• A more practical test-time adaptation setup where distribution 

change and correlative sampling occur simultaneously. 



Practical Test-time Adaptation

• A more practical test-time adaptation setup where distribution 

change and correlative sampling occur simultaneously.

• Challenges:

• Incorrect estimation in the batch normalization statistics

• Easily or quickly overfit to the local distribution

• Error gradients cumulate



Practical Test-time Adaptation

• A more practical test-time adaptation setup where distribution 

change and correlative sampling occur simultaneously.

• Formulate PTTA as:
• Given a model 𝑓𝑓𝜃𝜃0 pre-trained on source domain 𝒟𝒟𝒮𝒮 = {(𝑥𝑥𝑠𝑠,𝑦𝑦𝑠𝑠)}.

• A stream of unlabeled test samples 𝒳𝒳0,⋯ ,𝒳𝒳𝑇𝑇 ,⋯, where 𝒳𝒳𝑡𝑡 is a batch of correlated

samples from distribution 𝒫𝒫𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 and 𝒫𝒫𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 changes as 𝒫𝒫0,𝒫𝒫1,⋯ ,𝒫𝒫∞.



Framework



RoTTA

• The correlation among test samples 𝒳𝒳𝑡𝑡 at time 𝑡𝑡 leads to a 

deviation between the observed distribution �𝒫𝒫𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 and the test 

distribution 𝒫𝒫𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡.

• Directly adapting on �𝒫𝒫𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 leads overfitting ×

• Maintaining a category-balanced memory bank √



RoTTA

• The balance among categories is 

guaranteed by distributing the capacity of ℳ

equally to each category (refer to lines 5 – 9)

• Heuristic score of timeliness and uncertainty

ℋ = 𝜆𝜆𝑡𝑡
1

1 + exp −𝒜𝒜/𝒩𝒩
+ 𝜆𝜆𝑢𝑢

𝒰𝒰
log𝒞𝒞



RoTTA

• High correlation also makes the wildly 
used Test-time BN invalid

• Maintain a group of global statistics 
from the memory bank, and adopt it 
for inference

𝜇𝜇𝑔𝑔 = 1 − 𝛼𝛼 𝜇𝜇𝑔𝑔 + 𝛼𝛼𝜇𝜇𝑏𝑏

𝜎𝜎𝑔𝑔2 = 1 − 𝛼𝛼 𝜎𝜎𝑔𝑔2 + 𝛼𝛼𝜎𝜎𝑏𝑏2



RoTTA

Training objective at time 𝑡𝑡: 

min
𝜃𝜃𝑡𝑡+1
𝑆𝑆

ℒ𝑟𝑟 =
1
Ω
�
𝑖𝑖=1

Ω

ℒ(𝑥𝑥𝑖𝑖ℳ ,𝒜𝒜𝑖𝑖; 𝜃𝜃𝑡𝑡𝑇𝑇 ,𝜃𝜃𝑡𝑡𝑆𝑆) =
1
Ω
�
𝑖𝑖=1

Ω

𝐸𝐸 𝒜𝒜𝑖𝑖 ℓ 𝑥𝑥𝑖𝑖′, 𝑥𝑥𝑖𝑖′′

𝐸𝐸 𝒜𝒜𝑖𝑖 =
exp −𝒜𝒜𝑖𝑖/𝒩𝒩

1 + exp −𝒜𝒜/𝒩𝒩
, ℓ 𝑥𝑥𝑖𝑖′, 𝑥𝑥𝑖𝑖′′ = −

1
𝒞𝒞
�
𝑐𝑐=1

𝒞𝒞

𝑝𝑝𝑇𝑇 𝑐𝑐 𝑥𝑥𝑖𝑖′ log 𝑝𝑝𝑆𝑆 𝑐𝑐|𝑥𝑥𝑖𝑖′′

Update teacher model by EMA: 𝜃𝜃𝑡𝑡+1𝑇𝑇 = 1 − 𝜈𝜈 𝜃𝜃𝑡𝑡𝑇𝑇 + 𝜈𝜈𝜃𝜃𝑡𝑡+1𝑆𝑆 . 



Experiments



Experiments
RoTTA achieves excellent results under various setup and distribution change orders



Experiments
Excellent and stable results prove the stability and effectiveness of RoTTA



Thank You~
Longhui Yuan
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