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6 Introduction

PREdictions for Science, Engineering N' Technology

Funded by Coordinated by
FFG Austria Fraunhofer Austria
00 =

Forecasts and analyses of time series
Research in the field of visual analytics

Goal: A toolbox for tasks in the analysis of time series in three
application areas (buildings, health, production)
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7 Introduction

How does it work?

Industry delivers data and problems
We develop prototypes
Sometimes something useful comes out

A beautiful synergy
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Introduction

The Consortium - Industry Meets Science
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9 Introduction

Our Approach

Data

Interactive
Visual
Analytics
Methods

ra S kS appropriateness U Sers

Design Triangle Approach

S. Miksch et al. "A matter of time: Applying a data-users-tasks design triangle to visual analytics of time-oriented data" Comput. Graph. 38 (2014): 286-290
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10 Introduction

Our Time Series Sources
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11 Introduction

Time Series Tasks

m/*/\/

Forecasting Anomaly Detection Drift Detection

AN
/\/ /\/\/ /\/ Segmentation
VAN |

Classification Vibration Analysis
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Pattern Search Prototype

Julian Rakuschek
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Yes

Introduction

Goal: A Tool-Driven Decision Tree

What is the desired result?

To analyze patterns in the To predict future values of the To detect anomalies in the time

tirm es

Predictpal

Search for a specific pattern?

No

AnoScout

Cluster Prototype
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lTo detect future faults
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13 Introduction

Summary - What do we do?

e OQur Data Domains

m Production
= Building Management
m Healthcare

e Our Research Targets
m Statistical and Al-based Methods
m |nteractive Data Visualization

e Results

m Decision Tree for Method Selection
s Toolbox for Visualizations
= Happy industry partners:)
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15 Vibrana

Vibrationen messen

Motor Accelerometer Vibrationssignal
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16 Vibrana

Das Problem

Was ist der Unterschied?
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17 Vibrana

Ein verborgenes Signal

Durch den Line Chart nicht erkennbar!
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18 Vibrana

Frequenzanalyse durch Spektrogramme

Unterschied zwar erkennbar, aber man muss genau schauen.

Julian Rakuschek VICP;IFSTITUTE
Ny /ISUAL

11.12.2024 COMPUTING



19

Julian Rakuschek
11.12.2024

Vibrana

Wenn viele Signale den Uberblick erschweren
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20 Vibrana

Wir suchen nach einer Visualisierung, die eindeutig Unterschiede
aufzeigt!
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Vibrana

Das Time Delay Embedding (TDE)
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22 Vibrana

Rauschen ist nicht spektakular ...
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23 Vibrana

... Schwingungen hingegen fuhren zu Kreisen!
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Vibrana
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Sehen Sie die Unterschiede?
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25 Vibrana

Was wollen wir damit machen?

1. Ab wann sieht man eine Anderung?
2. Unterteilung von Signalen in Gruppen
3. Labels finden zur Anomalieerkennung
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26 Vibrana

Unser Prototyp:

Vibrana
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Vibrana

Basis dazu unser Paper

Eurographics Conference on Visualization (EuroVis) 2025 COMPUTER GRAPHICS forum
W. Aigner, N. Andrienko, and B. Wang Volume 44 (2025), Number 3
(Guest Editors)

Visual Exploration and Annotation of Vibration Signals
Using Time Delay Embeddings

J. Rakuschek '®, A. Boesze %, 1. Schmidi *#(9, and T. Schreck”
! Graz University of Technology, Institute of Computer Graphics and Knowledge Visualization, Austria
2 Bincer+Co AG, Austria

3 VRVis GmbH, Austria
“TU Wien, Insttute of Visual Computing & Human-Centered Technology, Austria

Vibration Signal Vit Corresgsnding Time Dely Embeddings

@O.-:O..

Figure 1: Vibration measurements from a lydre power plari with the corresponding time delay embeddings per segment. The figure shows
how the time delay embedding evolves over time and that it can be used as a fingerprint to highlight significant changes in the vibration

profle

Abstract

Nearly every machine generates vibrations during operation. Recording and analyzing these vibrations ean enable many useful
tasks in operating, monitoring, and maintaining machines, & g., in ransportation or industrial production. Among other use
cases, apprepriate analysis of machine vibrations can help in identifying developing machine wear, and predicting damage.
Vibrations are oftentimes considered in the time domain, and visualized e.g, as line charts. While these are intuitive displays,
they may not be appropriate to high-frequent signal data carrying complex patterns and outliers, which may be overlooked by
overplotted displays. The signal processing area provides transformations of signals from the time domain to other domains, in
which certain tasks become easier to solve. We consider the visual analysis af high-frequent vibration data, based on the time-
delay embedding (TDE) transformation. Applying principal component analysis to signal data windows, it gives scatter plots
of unique characteristics to different phenomena in the data. We introduce Vibrana,  system for interactive visual exploration,

comparison, and armotation of time-delay embeddings of signal data It features a custom point cloud visualization that enables
10 segment and cluster, signal data. A detail
on demand view enables to annotate signals, and perform similarity searching for comparing and validaing found patierns in
the data. Several use cases informed by domain experts show that Vibrana effectively supports imporiant analytical tasks in
relevant application scenarios. Alse, a user study vali i of our approach.

and anomalies, change points in

CCS Coneepts
< Hy o ization systems and tools;

1. Introduction fential 10 experience vibrations. While many vibrations are un-

. avoidable and intrinsic properties of sysiems, they can be un-

The study of vibralions is essential for any mechanical eNgi- gegirable and may damage the machine. Furthermore, they may

neering problem, s they are ommipresent: from simple MOLOTS  grye g indicators of whether a machine s functioning correctly.

to airplanes, any system with mass and elasticity has the po-

92025 e Authorts). Cormpaler Grapis Foum publised by Esrograpics - The Eropean A
cition for Compur Graphics and Joh Wiky & Sons Li

™ which
permit u, dirbuton s eproducion i any o, provided the ariginal wrk i propy
cied

EuroVis 2025 Einreichung
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28 Vibrana

Ab wann sieht man eine Anderung?

Vibration Signal With Corresponding Time Delay Embeddings

Vibrationen in einem Wasserkraftwerk
‘
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Das TDE als Fingerabdruck, der sich Gber die Zeit hinweg entwickelt.
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29 Vibrana

Anwendungsfall: Motor Verschleil}

Ab wann ist Verschleild erkennbar?
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30 Vibrana

In der Tabelle wird die Anderung sichtbar

& Test2 88 Grid <f Cluster #

Name Time Series / Signal Spectrogram Time Delay Embedding

2004.02.12.10.32.39-0000 m
2004.02.12.13.22.39-0000 & m
2004.02.12.16.12.39-0000 m
2004.02.12.19.02.39-0000 7 W
2004.02.12.21.52.39-0000 (4 W
2004.02.13.00.42.39-0000 (] m

2004.02.13.03.32.39-0000 (] m
2004.02.13.06.22.39-0000 (! m
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Vibrana

Das TDE als Guide fuir Labels

« Navigator: Select a subset of the signal by dragging an area with the mouse P

B o A o

Annotator: Save intervals of the signal for later anomaly detection. Adjust

Add Annotation Remove Annotation

\C

INSTITUTE
OF

VISUAL
COMPUTING



32

Julian Rakuschek
11.12.2024

Vibrana

Wozu die Labels? Similarity Search!

Vibrana Introduction Datasets Authors

Uberraschung: Der VerschleiR kann frither gefunden werden!
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33 Vibrana

Anwendungsfall: Lager klassifizieren

Welche sind fehlerhaft?
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34 Vibrana

Hier ist das Spektrogramm zwar besser ...

Name Time Series / Signal Spectrogram Time Delay Embedding

inner-04-0000

2

O

©)

e
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Vibrana

... aber wie sieht es mit Rauschen aus?

Name Time Series / Signal Spectrogram Time Delay Embedding

inner-noise-02-0000

o)

undagamed-noise-07-0000

undagamed-noise-08-0000 7

undagamedinmse*ogioouo Z m

Welche sind fehlerhaft?
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Vibrana

TDEs vergleichen: Matrix

inner-noise-12-0000 (f

Anomalies 0
Labels 0
Anomaly Free

Reset labels

Time Series / Signal

M

Distance Indicator

Spectrogram

Time Delay Embedding
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Introduction Vibrana

AnoScout Contact

Automatisch

Clustern
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Vibrana

Was wollen wir damit machen?

1. Ab wann sieht man eine Anderung?
Motor Verschleil® (Tabelle)

2. Unterteilung von Signalen in Gruppen
Lager klassifizieren (Clustering)

3. Labels finden zur Anomalieerkennung
Motor Verschleil® (Labeling)
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40 AnoScout

Anomalien in Zeitreihen (Auswahl)

Amplitude Anomaly

Extremum Anomaly

Frequency Anomaly
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oScout

An

Jede Zeitreihe manuell begutachten?
V5P B N A PV P P A A A A A TV PO
VA PNV N I AV P A POAN A N AN A PO PG PN
AV PO A A A OV A PR AN O A A VAN P PR
VATV PR M A A A A P W A POy AV PANOAS P P
A P M S O AT A A AR A WOV P P P VA
VAVUAY PO S A A P P PO A O A AV P P PV
AV W A MRS A PR A AW M S Aoy A Vs PR P
WAV VAN M A A A o P MR M Ay A PV P PRIV

VAL A A AV PV Py A P R A A A P A
VPV A £ A P P P O A A A R AR A A
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Wir wenden Algorithmen an!
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AnoScout

Gewunschter Output vom Algorithmus: Scoring
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AnoScout

Introducing AnoScout

TU

Grazm

Julian Rakuschek, BSc

AnoScout

A System for Visual Recommendations of
Anomalies in Time-Oriented Data

Master’s Thesis
to achieve the university degree of
Master of Science
Master’s degree programme: Computer Science

submitted to

Graz University of Technology

Supervisor
Univ.-Prof. Dipl.-Volksw. Dr.rer.nat. Tobias Schreck, M.Sc.

Institute of Computer Graphics and Knowledge Visualisation
Head: Univ.-Prof. Dipl.-Volksw. Dr.rer.nat. Tobias Schreck, M.Sc.

Graz, April 2024
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45 AnoScout

AnoScout implementiert sieben Algorithmen

AutoEncoder

Discrete Wavelet Transform

ARIMA
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46 AnoScout

Upload und Scoring Berechnung

AnoScout

Buckets

“ +
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Haben wir nun Anomalien?

Noch nicht!
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Simple .1, Upload Time Series

Reference

anomaly-free amplitude

The colar indicates the ratio of the
timeseries covered by anomalies
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49 AnoScout

Anomalien als Karten

5 Important verified [

Timeseries: 0065 frequency
Channel: value-0

Start: 2024-05-12T19:47:07.943Z7
End: 2024-05-12T19:51:13.943Z
Score: 1.178

Length: 247
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Simple .1, Upload Time Series

Reference

anomaly-free amplitude

The colar indicates the ratio of the
timeseries covered by anomalies
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Explorierung von Anomalien

Heatmap

Scatterplot

Cluster Overview




59 AnoScout

Heatmap
Vogelperspektive

Each horizontal line in the heatmap represents one timeseries
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AnoScout

Der Scatterplot als Uberblick

AnoScout
Heatmap
Mark an area to zoom in
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54 AnoScout

Der Recommender fur maRgeschneiderte Empfehlungen

Julian Rakuschek
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Wie erlangen wir einen Uberblick iiber Arten von Anomalien?

Clustering!

Julian Rakuschek 3 :
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Clustering von Anomalien
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57 AnoScout

Hauptmerkmale von AnoScout zusammengefasst

1. Erkundungs-Pipeline fur Anomalien in zeitlich orientierten Daten.
2. 7 Algorithmen zur Berechnung von Anomalien.

3. "Spielplatz" zum Testen verschiedener Algorithmen.

4. Verwendung von Benutzerlabels zur Feinabstimmung des Systems.
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58 AnoScout

Anwendungsszenario

e Ein Unternehmen mochte eine neue Maschine installieren.
e Die Maschine fuhrt Schweiarbeiten durch.
e Jede Schweildnaht wird Uber einen Sensor aufgezeichnet. V
e Wir mochten AnoScout verwenden, um: '
1. Mogliche Anomalie-Muster zu finden.
2. Zu Uberprufen, welche Algorithmen gut funktionieren.

Wir sind auf der Suche nach weiteren Anwendungen!
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59 Contact

Kontakt

Julian Rakuschek Prof. Dr. Tobias Schreck

julian.rakuschek@tugraz.at tobias.schreck@tugraz.at

Danke!
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