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Test-time adaptation (TTA)
- Unsupervised online adaptation
- Dynamic environments

Weight degradation problem 
- Explicit gradient noise caused by unsupervised online 

learning in dynamic environments  Model collapse

3.1 Transition distribution

𝑝 𝒖𝑘+1 𝒖𝑘 ≈ 𝒩(𝒖𝑘+1|𝒎𝑘+1|𝑘 , 𝐏k+𝟏|𝐤)

𝒎𝑘+1|𝑘 = 𝒎𝑘 − 𝑔𝑘Δ𝑡, 𝐏𝑘+1|𝑘 = 𝜎𝑘
2Δ𝑡2𝐈

𝑝 𝒖𝑘+1 𝒘0:𝑘+1 = 𝒩(𝒖𝑘+1|𝒎𝑘+1, 𝐏𝑘+1)

𝒎𝑘+1 = 𝒎𝑘+1|𝑘
+ + 𝐴𝑘( ෝ𝒘0 − 𝒎𝑘+1|𝑘

+ )

𝐏𝑘+1 = 𝐈 − Ak 𝐏𝑘+1|𝑘
+ , 𝐴𝑘 = 𝐏𝑘+1|𝑘

+ 𝐏𝑘+1|𝑘
+ + 𝑅

−1

ෝ𝒘 = 𝛼 ෝ𝒘𝑘 + 1 − 𝛼 ෝ𝒘0

3.2 Bayesian filtering in Bayesian weight enhancement

2.1 Existing method: weight-based  TTA

2.2 Probabilistic framework: Bayesian weight enhancement 

𝑝 𝑦 𝒙𝑘 , 𝒘𝑘 , 𝒘𝑘+1 = ∫ 𝑝 𝑦 𝒙𝑘 , 𝒖 𝑝 𝒖 𝒘𝑘 , 𝒘𝑘+1 𝑑𝒖

≈ 𝑝 𝑦 𝒙𝑘 , ෝ𝒖𝑘

𝑝 𝒖 𝒘𝑘 , 𝒘𝑘+1 ∝ 𝑝 𝒘𝑘+1 𝒖 𝑝 𝒖 𝒘𝑘 = 𝒩(𝒖𝑘|𝒎, 𝐏)

𝑝 𝒘𝑘+1 𝒖 = 𝒩 𝒘𝑘+1 ෝ𝒘0, 𝑅 , 𝑝 𝒖 𝒘𝑘 = 𝒩(𝒖| ෝ𝒘𝑘 , 𝑄)

ෝ𝒖𝒌 = 𝒎 = 𝐈 − 𝐴 ෝ𝒘𝑘 + 𝐴 ෝ𝒘0

𝐏 = 𝐴𝑅, 𝐴 = 𝑄 𝑄 + 𝑅 −1

Weight distribution

Bayesian inference

ෝ𝒖𝑘 = argmax𝒖 𝑝 𝒖 𝒘𝑘 , 𝒘𝑘+1

Bayesian weight averaging and plug-in approximation

Existing methods leverage source model weight to 
recover the adapted weight.

3.3 Balancing covariance under steady-state condition

𝛼𝑘 = 𝜎𝜆
2/(𝜂2𝜎𝑘

2)
𝐏𝑘+1|𝑘

+ = 𝐏𝑘 + 𝛼𝑘
2𝜎𝑘

2Δt2𝐈

𝒎𝑘+1|𝑘
+ = 𝒎𝑘 − 𝛼𝑘𝑔𝑘Δ𝑡

𝑝 𝒖𝑘+1 𝒘0:𝑘 = 𝒩(𝒖𝑘+1|𝒎𝑘+1|𝑘
+ , 𝐏k+𝟏|𝐤

+ )

“The results indicate that dynamic adjustment 
of the learning rate rule is required.”

Steady-state condition

Pk+1 = Pk = P∞ = p∞𝐈 𝐴𝑘 = 𝐴
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