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Rows are records

Columns are features

Can be visualized

Traditional Data

Source: Statbel
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Time Series

Show change through time

Often periodic or repetitive

Capture behavior



Time Series are everywhere
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Value

Icons by Stefania Servidio and WPZOOM (CC BY 3.0)

https://www.iconfinder.com/stefania.servidio
https://www.wpzoom.com/
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Value = anything useful

Visualizing content

PVC

PVC image from wikimedia by James Heilman, MD - CC BY-SA 3.0

https://en.wikipedia.org/wiki/Premature_ventricular_contraction#/media/File:PVC10.JPG
https://commons.wikimedia.org/wiki/User:Jmh649
https://creativecommons.org/licenses/by-sa/3.0


Value = anything useful

Summarizing content



Value = anything useful

Detecting evolving patterns

Image from www.cs.ucr.edu/~eamonn/

https://www.cs.ucr.edu/~eamonn/Matrix_Profile_Tutorial_Part1.pdf


Value = anything useful

Detecting changepoints



Value = anything useful

Detecting anomalies



Insight mining in time series data with 
applications for anomaly detection



Anomaly detection

… for exploration
“We didn’t expect that!”

… for prevention
“Check your engine!”

… for reaction
“Call a doctor!”



Anomalies are vague

Highly subjective
E.g. yearly fire drill

Context dependent
E.g. weekdays versus holidays

Instantaneous or long-term
E.g. noise versus different behavior
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Matrix Profile | Example

window

window



Matrix Profile | Similarities

Given two sequences, define a distance measure

Manhattan distance

Euclidean distance

Z-normalized Euclidean distance



Matrix Profile | Z-normalized Euclidean Distance

Most used because it compares shape

Euclidean Distance Z-Normalized 
Euclidean Distance
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Matrix Profile | Calculation

Distance matrix visualizes all distances
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Matrix Profile | Calculation

No clear pattern results in neutral distance

Matching pattern gives low distance

Lone pattern results in high distance



Matrix Profile | Insights

Visualization

Summarization

Finding evolving patterns

Segmentation

Anomaly detection



Matrix Profile | Limitations

Periodicity

Discover & visualize

Anomalies



Matrix Profile | Limitations

Periodicity

Noise in signals

Affects perceived shape

Impedes insights
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Periodicity

Noise in signals

Repetition

Across time series

Within single time series



Matrix Profile | Limitations

Periodicity

Noise in signals

Repetition

Integration

Shared functionality

Single workflow
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Periodicity
Noise

Repetition
Integration



Contextual Matrix Profile | Example

Dataset of taxi passengers in New York
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Contextual MP | Calculation

Distance matrix visualizes all distances

Find best match in region

Calculate distances as usual
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Dataset of taxi passengers in New York
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Dataset of taxi passengers in New York

Weekday vs Weekend

Christmas - New Year

Labor Day & Thanksgiving

Blizzard
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Contextual Matrix Profile | Example

Dataset of taxi passengers in New York

Weekday vs Weekend

Christmas - New Year

Labor Day & Thanksgiving

Blizzard

Start of schoolSi
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Matrix Profile versus Contextual MP

Matrix Profile finds distinct patterns

E.g. blizzard, holidays, transition wintertime

BlizzardDaylight 
savings time New Year

Independence 
day



Matrix Profile versus Contextual MP

Matrix Profile finds distinct patterns

E.g. blizzard, holidays, transition wintertime

Contextual MP additionally finds:

periodicity: weekday/weekend, school period

deviating patterns: Christmas period, additional holidays
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Noise | Z-normalized Euclidean Distance

Most used because it compares shape

Euclidean Distance Z-Normalized 
Euclidean Distance



Noise | Z-normalized Euclidean Distance

In rare cases, noise defines shape of the data



Noise is pretty common

Most sensors experience noise

Systems behavior is similar to noise



Noise | Examples with noise elimination

Visualization on activity dataset



Noise | Approach

Analytically estimate the effect of noise & deduct this estimate



Noise | Examples with noise elimination

Visualization on activity dataset



Noise | Examples with noise elimination

Anomaly detection on system monitoring



Noise | Examples with noise elimination

Anomaly detection on system monitoring

Old OldNew New

More anomalies found in less time



Noise | Examples with noise elimination

Segmentation on activity dataset

Lower error
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Radius Profile | Calculation

Distance matrix visualizes all distances
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Distance matrix as a foundation

1

2

2

Matrix Profile

Contextual Matrix Profile

Radius Profile



Matrix Profile | Similarities

Given two sequences, define a distance measure

Manhattan distance

Euclidean distance

Z-normalized Euclidean distance



Series Distance Matrix framework

SDM-framework

Time Series

Segmentation Visualization

TS-chains Segmentation

Distance measure Processor
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Series Distance Matrix framework

SDM-framework

Time Series

Segmentation Visualization

TS-chains Segmentation

Distance measure Processor

Matrix Profile

Contextual MP

Radius Profile



Available online
https://github.com/predict-idlab/seriesdistancematrix



Introduction
Matrix Profile
Contextual Matrix Profile
Noise Elimination
Radius Profile
SDM-Framework
Conclusion

Periodicity
Noise

Repetition
Integration



Periodicity
Noise

Repetition
Integration



Periodicity
Noise

Repetition
Integration



Periodicity
Noise

Repetition
Integration



Periodicity
Noise

Repetition
Integration



Periodicity
Noise

Repetition
Integration



Periodicity
Noise

Repetition
Integration



Insight mining in time series data with 
applications for anomaly detection

Dieter De Paepe



Questions 


