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Introduction

• Multivariate time series anomaly detection aims to identify 
abnormal patterns from multivariate temporal data.

• Contrastive learning is widely used for anomaly detection by 
pulling similar samples together and pushing dissimilar ones apart.

Background

Motivation
• Not all channels contribute equally to anomaly detection.
• Treating every channel equally may dilute anomaly-relevant 
information.

An example from the MSL(T-4) 
dataset showing that each channel 
exhibits distinct temporal patterns 
and different degrees of relevance 
to anomalies.

Methods
Overall Framework

Main idea of CALAD
• CALAD estimates channel relevance before contrastive learning.
• Channel relevance guides positive and negative sample construction.

Details
Channel Relevance Estimation

• Transformer autoencoder computes per-channel reconstruction errors.
• LASSO identifies anomaly-relevant channels from those errors.

Channel-Aware Contrastive Construction
• Positives preserve relevant channels while perturbing irrelevant ones.
• Negatives perturb relevant channels to create anomaly-aware views.

Nearest Neighbor Search
• Positives are pulled closer, while negatives are pushed farther apart.
• The nearest and furthest neighbors are retrieved for each anchor.

Structure-Preserving Contrastive Learning
• Contrastive learning uses the nearest and furthest neighbors.
• An auxiliary reconstruction loss preserves normal temporal structures.
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Experiments
Datasets

• Dim is short for dimension and AR is short for the anomaly rate.

Main Results

Channel Relevance Estimation
• Channels with non-zero coefficients better reflect anomalies.

Channel relevance estimation on the MSL(F-5)

Model Analysis

Conclusion

t-SNE embeddings

Ablation study

On the MSL

✓ We estimate channel relevance to guide channel-
aware contrastive augmentation, unlike channel-
agnostic models.

✓ Channel-aware construction preserves informative 
channels during augmentation.
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