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Introduction

Contribution
 We propose a general framework called CATCH, which enables simultaneous 

detection of heterogeneous point and subsequence anomalies via frequency patch 
learning. The framework enhances subsequence anomaly detection through 
frequency-domain patching and integrates fine-grained adaptive channel correlations 
across frequency bands.

 We design the Channel Fusion Module to fully utilize the fine-grained channel 
correlations. Driven by a bi-level multi-objective optimization algorithm, the Channel 
Fusion Module is able to iteratively discover appropriate channel correlations and 
facilitate the isolation of irrelevant channels and the clustering of relevant channels, 
which provides both the capacity and robustness.

 We conduct extensive experiments on 22 multivariate datasets. The results show that 
CATCH outperforms state-of-the-art baselines.

Reconstruction-based Anomaly Detection methods achieve promising performance 
but still suffer from heterogeneous subsequence anomalies and varying channel 
correlations in Multivariate Time Series Anomaly Detection tasks.

 (a) Shows a normal time series and its 
variations after being injected seasonal, 
shapelet, trend and mixture subsequence 
anomalies, reflecting the distinct 
affections due to the heterogeneity of 
subsequence anomalies. This calls for 
fine-grained modeling in each frequency 
band to precisely reconstruct the normal 
patterns.
(b) Shows the frequency bands of a 
multivariate time series with three 
channels, exhibiting varying correlations 
across different frequency bands, which 
is hard to be modeled by Channel 
Independent or Channel Dependent 
strategies. This calls for flexibly adapting 
the distinct channel interrelationships in 
different frequency bands.

                  (a) Different subsequence anomalies                                        

(b) Varying Channel Correlations       

Table 1: Comparison of existing frequency-based TSAD methods

CATCH Framework

My WeChat:

Forward Module
We utilize FFT to transform time series into orthogonal trigonometric signals in the frequency 
domain and apply the frequency patching operation to create fine-grained frequency patches. 

Channel Fusion Module
Mask Generator (MG): By generating a binary mask matrix, it can perceive the association 
of each frequency band's channels, and isolates the negative impacts of irrelevant channels.

Channel-Masked Transformer Layer (CMT): After the binary mask is generated by the 
Mask Generator, fine-grained channel correlations are further captured using Masked 
Transformer layers.  The gradient is kept through calculation in the attentional mechanism:

Channel Correlation Discovering (CCD): ClusteringLoss is proposed by assuming that the 
channel correlation generated by the Mask Generator is locally optimal, where relevant and 
irrelevant channels are determined. This encourages the attention mechanism to aggregate 
relevant channels. RegularLoss is used to limit the number of relevant channels, preventing 
the Mask Generator from outputting a constant '1' matrix.
 

Time-Frequency Reconstruction Module
After extracting the fine-grained channel correlations in each frequency band, the time series 
is reconstructed in both the frequency and time domain to detect heterogeneous anomalies.

Experiments

 CATCH consistly achieves state-of-the-art performance on 10 real-
world datasets and 12 synthetic datasets.

 Resources:   https://github.com/decisionintelligence/catch

Table 2: Average A-R (AUC-ROC) and aff-F (Affiliated-F1)
Main Results

Visualization

Parameter Sensitivity

 CATCH shows outstanding performance in detecting both the point 
and subsequence anomalies. 
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