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Background 

As the weather changes, the target domain gradually
shifts, resulting in a decline in model's performance

Test-time adaptation (TTA) allows a model to adjust in real-time during 
inference, helping it maintain performance as test data changes.



Motivation

A “divide-and-conquer” test-time normalization strategy needs to 
be designed to avoid feature interference from multiple domains

Dynamic scenarios: In real-world
settings, test batches often consist
of samples from one or multiple
domains.



Observations

(1) Precise normalization is 
pivotal for effective TTA. 

(2) A divide-and-conquer
strategy is essential in
dynamic environments.

(3) Enhance normalization
stability via generic
knowledge from training
data.



Method

The proposed FIND involves three novel designs, including (1) layer-wise feature
disentanglement (LFD), (2) feature-aware batch normalization (FABN) and (3)
selective FABN (S-FABN).



(1) Purpose

LFD captures the distribution statistics of domain-relevant features by partitioning the
features within each BN layer.

(2) Implementation

LFD

Calculate the distance between each instance

Divide groups based on the first neighbor



(1) Purpose

FABN combines TFN and SBN, leveraging source domain statistics to compensate for the lack
of generic knowledge in TFN.

(2) Implementation

FABN

Calculate the TFN for each group

Integrate TFN and SBN



(1) Purpose

S-FABN selects only the layers sensitive to domain shift for clustering, improving inference 
efficiency

(2) Implementation

S-FABN

Calculate the score

Calculate the KL divergence between the SBN and TBN



Results

FIND significantly outperforms other TTA methods 
when dealing with dynamic data patterns.



Results

FIND demonstrates stable performance under 
different batch sizes.
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