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Motivation ExperimentsMethods

1) Asymmetric Skip Knowledge Module:

Asymmetric skip connections from teacher encoder (E2, E3) to student 

decoder (D1, D2) enable cross-hierarchical feature transfer and preserve 

semantic information for accurate anomaly localization.

2) Dual-Loss Supervision:

Combining cosine similarity and skip consistency losses guides the 

student to mimic teacher features and align representations, enhancing 

both global and local details.

Framework of SK-RD4AD

Precise anomaly localization is essential for industrial visual inspection.

Limitations of existing reverse distillation methods

• Feature degradation from student over-compression leads to poor 

detection of subtle or small anomalies (e.g., transistor defects).

• Insufficient semantic transfer via layer-wise skips limits accuracy on 

complex parts.

 Our solution: Asymmetric skip connections enable cross-hierarchical 

feature transfer, significantly improving anomaly localization and detection 

performance.

 Qualitative Analysis of MVTec-AD, VAD and VisA datasets

 Quantitative Analysis of MVTec-AD, VisA datasets

0. Notations
X : input image

T(·) : teacher encoder

S(·) : student decoder

E1, E2, E3 : teacher encoder features

D1, D2, D3 : student decoder features

Lcosine : cosine similarity loss

Lskip : skip consistency loss

1. Asymmetric Skip Knowledge Module
1) Non-corresponding Skip Connections

• Connects 𝑬𝟐 → 𝑫𝟏, 𝑬𝟑 → 𝑫𝟐 

• Enables cross-hierarchical feature transfer

• Preserves both low-level texture and high-level semantics

2) Feature Fusion
: D1 = ReLU(Conv1x1(E1)) + E2

: D2 = ReLU(Conv1x1(D1)) + E3

• Enhances decoder’s ability to reconstruct complex features

2. Triple-Loss Supervision
1) Cosine Similarity Loss

: Lcosine = 1 - cosine(FT, FS)

• Guides student to mimic teacher’s feature direction

2) Skip Consistency Loss

: Lskip = 0.5 * (|| E2 - D1 ||² + || E3 - D2 ||²)
• Enforces alignment between transferred and reconstructed features

3) L2 Reconstruction Loss

: Lrecon = ||X – S(T(X))||² 
• Ensures pixel-level reconstruction fidelity.

3. Total Objective
Ltotal = α * Lrecon + β * Lcosine + γ * Lskip

The three losses ensure pixel-level, feature-level, and hierarchical 

consistency.

Skip Connection Strategy Comparison

 Ablation Study

 Key observation : SK-RD4AD achieves the highest AUROC (98.06%) 

and AUPRO (94.69%), converges faster and more stably than RD4AD, 

and does so with only minor increases in inference time and memory 

usage — demonstrating superior accuracy and practical efficiency.
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