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Projektkonzept

Unternehmensiubergreifende Datenanalyse
Data Integration

Maintenance Operator

:
Data Quality

10111

01110100011

Data Mining

Forschungskonzept

Ziel: Erhéhung der OEE
(Overall Equipment Effectiveness)

Herausforderungen: “Lernen” von
verschiedenen existierenden
Datenquellen (Entwicklung, Betrieb,
Wartung), verschiedenen Werken und
zwischen Hersteller, Engineering,
Betrieb und Wartung

Ansatze: Data Mining Algorithmen,
Daten- und Systemarchitekturen,
Cloud Technologien

Ergebnisse: Voraussage fehlerhaften
Verhaltens durch signal- und model-
basierten Diagnosemethoden
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Die Motivation des Projektes liegt in der optimierten Informationsgewinnung UIDF

Chemieindustrie STATUS QUO
Die Chemieindustrie ist einer der Kom o lexitat
bedeutendsten Industriezweige in _
Deutschland. Sie erwirtschaftete * Prozesse, weltweite Anlagen, 10.000 Geréate pro
2012 mehr als 186 Mrd. Euro. Anlage

Damit liegt sie hinter dem Fahrzeugbau
und dem Maschinenbau auf dem

dritten Platz Sehr viele und heterogene Daten

Quelle: VCI, Initiative  strukturierte und unstrukturierte Daten
,Industrieland Deutschland starken®

Silos/eingeschrankte Datenanalysen
« Sehr hohe Aufwande bei der Datensammliung

* VerknUpfung von anlagen- / prozess- /
produktspezifischem Wissen erforderlich
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Effizienzpotentiale

* Intelligentes und wissensbasiertes Asset
Management System / Condition Monitoring

System

« Steigerung der Anlagenverflgbarkeit
und Produktqualitat

Anlagen-
planung

* Integration der 3D-Daten
Geschaftspartner in

Verfugbarkeitssteigerung Self Healing Meldungs-
nik Machine ® ] daten

 Sicherung des
Anlagenengineerings
und -betriebs in Deutschland

Automatisier-
ungstechnik

Prozess-

Material- :
daten

fluss
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Anwendungsbeispiel Ventildiagnose LW’T

Ventilfehler fihren zu Anlagenstillstanden
« Ungeplante Produktionsausfélle
Austausch des Ventils

Typische Ventilfehler
« Verschlissen
T+ Fouling/Blockage

Datenanalyse

* Verhindern von
Produktionsausféllen

* Designempfehlungen

* Ventilverbesserungen

© AIS



Smart Data Prinzipien zur Analyse von Regelventilen ‘JWT
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Innovationspotentiale: Detailliertes Prozess- und Anlagenwissen bindeln

Operator Hersteller

Empfehlungen

Designhinweise
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Mehrwert durch Blndelung der Datenquellen

Asset Lifecycle

System structure +

>

01 i
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_ Process data Equipment
design data = é Maintenance data history
_‘- E M/N 123
F2303 ?
P2354 S/N 111 :
L Y J
Hersteller < >
Analysis
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Ubersicht Gesamtarchitektur und Datenquellen

Engineering

Data
=T

/RS \
Manufacturing
Execution

Systen

é é(
Streamed
Process Data

|

Real-Time
Data

)

Data Management
Platform

Historic

Cache
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Il X

Data Analysis

HMI

Ej/

Plant Information
Management
System

Maintenance
Logs
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Systemarchitektur / Datenguellen

Dashboard

Integration Analysis

Data

Operator / Process Expert

/ Data Analyst
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Legacy Data Acc. / Anal. HMI
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Data Management and Integration Broker

| Spec.1 | Spec.2 |

Access Control and Anonymization

|r Data Adapter 1|

(.

|r Data Adapter 1|

—— —_—— ———

Y

Plant / Machine Data

Additional Metadata

i Company RDBs

i CAPE

| SAP

i Maintenance Data

Data
Warehouse

Data Curation

Data Storage

Raw Data | Results

0010

Models

(]

Emanuel Trunzer, Iris Kirchen, Jens Folmer, Gennadiy Koltun, Birgit Vogel-Heuser: A Flexible Architecture for Data Mining

from Heterogeneous Data Sources in Automated Production Systems, Proceedings of the 2017 IEEE International

Conference on Industrial Technology (ICIT), 2017
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Emanuel Trunzer, Iris Kirchen, Jens Folmer, Gennadiy Koltun, Birgit Vogel-Heuser: A Flexible Architecture for Data Mining from Heterogeneous Data Sources in Automated
Production Systems, Proceedings of the 2017 IEEE International Conference on Industrial Technology (ICIT), 2017
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SYSTEM CONTEXT
3 UMGEBUNGEN

Partner

SIDAP (geteilt)

Betreiber

Hersteller
(Pumpen, Ventile)
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Architectural Overview

3 UMGEBUNGEN- SIDAP-Cloud / shared environment for exploration

IBM SPSS
with SPSS
Modeler and
Data Sources SPSS Analytic
+ Server
optional Db2 Warehouse +
Weather Data ] * Cognos
from optional Spark Analytics
The Weather A\ +
Company [ | optional DSX

Data Sources @ Ingestion & Analytical Data Data
Integration Lake Storage Access

Batch
Ingestion
Data
Virtualization
Data Quality N
. . Predictive Analytics
: Analytics Operating &
In-Memory Processing System Modeling

On-Premise / private Cloud Platform

New sources

[@| Machine &
Sensor Data

[ Data Science ]

Landing Zone
"3} Weather
: Data

Data Archive

Deep Analytics
Repository

Traditional

sources Historical Data

[ Visualization

Application
Data

Data acquisition & application access

System of
Record Data

Batch ingestion of anonymized data using
loadfiles with predefined XML format
Storing of data in relational tables (Db2)
Explore and analyze with IBM Cognos and
SPSS

Generating of predictive models from
anonymized data sets

Optional enhancements with Spark
analytics engine and Data Science
Experience (DSX) platform for exploration
Private on-premise / private Cloud
installation shared by all members of
consortium

© AIS
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SIDAP Datenmodell — Teilmodelle und Standards

V-361

-~

Defekt:

Failure and
Maintenance

— [T
[ 1

Process Data

VDI 5600 (MES)

DIN EN 62541 (OPC UA)
EN 61970-407 (CIM)

Plant Structure
DEXPI, PlantXML,

DIN EN ISO 14224
(Petrochemical sector)

History

ISO 15926
PandIX, IEC 62424

Equipment

Components

Sizing

DIN EN 60534-7 (Valves)

00000
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TEXT ANALYTICS , COGNITIVE
WOODSIDE: Saving and sharing tribal knowledge with Watson



https://www.ibm.com/blogs/cloud-computing/2017/04/woodside-energy-watson/

GRAPHEN-DATENBANKEN
FLEXIBLERES DATENMODELL
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Typ: Eckventil
MinTemperatur: 170 °C
MaxTemperatur: 190 °C
MinDurchfluss: 0 kg/h
MaxDurchfluss: 13500 kg/h -
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Zentrales Messwert
Datenmodell Durchflusssensor
234
Wartungs- Messwerte Ventil 123

daten

SIDAP, Evonik

Node Relationship

(:ventil {name:”7123”}) - [USES]->

Node

(Durchflusssensor {name:”7234"})

label property
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VISUELLE UBERWACHUNG
THERMISCH/INFRA-ROT

Pixels in column

Analyse thermographischer Bildinformationen zur Leckageerkennung
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defect

defect

https://www.ibm.com/bs-en/marketplace/visual-inspection-for-quality
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ACOUSTICS
ANALYTICS

) .

Acoustic Analytics Service

Rec@gnized

isualization

Acoustic Acoustic
Source Sensor with

network

connection

Edge Device ( Hybrid Mode)
/ >
. Acoustic

Acoustic Sensor [ I
Source

Application

draft

== 7 [P—

Applications

© AIS
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Cognitive Acoustic Analytics Service for Internet of Things ’ (ﬁﬂ;lm@

edge . cloud v
Network
| : AC?USth.: Anomaly Detection Acoustic S.ugnal Sensor ArraY Signal
. Feature E Anomaly | Classification Processing Processing
| Extraction | Detection |
E Pre-Processing Pre-Processing
Data Capturing Network
’ .« @ —_—'ﬂ / D a
Edge / mobile dGVlOO Cm“mve Acoustic User application
. / AnalyicsService )
S B B -
&
Edge device / gateway Monitoring application

© AIS
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COLLABORATION / DATA SCIENCE

JUPYTER/IBM Data Science Experience

) {

-

22

© AIS



IBM Data Science Experience

¢ @ﬂljﬁﬁT )

= Integration of RStudio IDE

_ = Shiny apps
Environments = Work with Jupyter
Notebooks
_ 'Q ’[hOﬂw = Codein
Coding @ PY #Scala Scala/Python/R/SOL

= Add libraries

= Fully managed Spark
environment
= 5GB Object Storage

Object Storage

Powered by o
Apache Spark
» Projects, Users, Roles

Collaborate GitHub gith“b g|st = Share notebooks & results

= Versioning & history

© AIS

http://datascience.ibm.com/
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http://datascience.ibm.com/

Data Science Experience

Data Science as a Team Sport

Lets data scientists/engineers, analysts, stakeholders
collaborate to collect, share, explore, analyze data

in order to derive insights and train models,

and share or deploy resulting assets

Projects - collaborate as team or work individually

Jupyter Notebooks + IBM value add

- Integrated in Projects with access control

- Spark integration with R/Python/Scala kernels

- Versions, comments, share link, publish to GitHub
- PixieDust, Brunel, ...

Machine Learning integrated in Projects:
Use ML Wizard and Flows to train Models

RStudio integrated with Spark

DSX Integrates with Data in many places

- Object Storage (SWIFT now, new Cloud Object Storage soon)
- Watson Data Platform Services and WDP Catalog

- Message Hub and IBM Streaming Analytics

- Can call any IBM service, e.g. Watson, Quantum, etc

- Third party data services on premise or on other clouds

Built on the IBM Cloud platform

Features Blog Documentation Sign In Sign Up

X |BM Data Science Experience

Master the art of data science

Solve your toughest data challenges with the best tools and the latest expertise
in a social environment built by data scientists.

@ Watch Now (2:31)

Sign Up For a Free Trial

Coming Soon! Watson Machine Learning
Machine Learning lets you create and train predictive analytics models. Learn More

Kaad)

ool
E)o
o\ T

0

Collaborate

Work smarter using community, work faster with

Learn Create
Get started or get better with built-in learning. Use the best of open source tooling with IBM

innovation. your team.

Try it yourself at https://datascience.ibm.com


https://datascience.ibm.com/

Projects allow users to work and collaborate

Community
(Internet Public)

Members

Admins

Editors

Readers

Users can add data and analytics
assets from the Community
to their Project

Project

Data

Connections Files

Kafka Object Storage

DB : Bucket
TOp AE (per Project)

Users — data scientists, data engineers,
analysts, ... - can add data and analytics
assets from the Community to their Project

Currently: SWIFT OS
4Q: Move to Cloud
Object Storage with
S3 APIs

Bluemix
Account

Users can add data and analytic
assets from Catalog to Project
or share assets to Catalog

Data Sets

Catalog

Metadata
(closed beta)

Catalog (closed
beta)

Analytic Assets

Notebooks

Flows

Models

Dashboards

Closed beta
participants
have early
access to
Catalog



DSX - Analyze Data from many Sources to generate Insights

Object Storage

Community

DashDB

Cloudant

Message Hub

Compose

On-Prem Data

Catalog

Jupyter

Data Science Experience

Project

Notebooks
Python, R, Scala

Data Connections
Data Files
Data Sets

Flows
Models

Dashboards

ML

Canvas Shaper Wizard

Dash
board

GitHub Repo
or Gist

Notebook
Views as Link

ML Models
& Flows

Result Data

Dashboard
Views as Link



= cO Data Science Experience v @

My Projects > New York City Traffic Acc > New York City Car Ac... a e <

Adjust the scatter plot settings to use color codes to indicate collisions resulting in car body damage, personal injury,

Jupyter Notebooks

#adjust settings
plt.figure(figsize=(15,10))

Interactive Documents that contain i (e

plt.scatter(nothing pd.Longitude, nothing pd.Latitude, alpha=0.04, s=1, color='blue')
g o D plt.scatter(injured pd.Longitude, injured pd.Latitude, alpha=0.1, s=1, color='yellow')
I nSIg htS and the COde tO a.Ch I eve the m plt.scatter(killed pd.Longitude, ’killedipd.Latitude, éolor: 'red' : 5:5;

#create legend

o blue patch = mpatches.Patch( label='car body damage', alpha=0.2, color='blue')
Text to explain what the Notebook does and document yellow patch = mpatches.Patch(color='yellow’, label='personal injury', alpha=0.s)

red patch = mpatches.Patch(color='red', label='lethal accidents')
H H ht plt.legend([blue_patch, yellow patch, red patch],('car body damage', 'personal injury',
InSIg S fatal accidents'),

loc='upper left', prop={'size':20})

Code cells for accessing, processing, #adjust more settings

plt.title('Severity of Motor Vehicle Collisions in New York City', size=20)
and analyZIng data plt.xlim((=74.26,=73.7))

plt.ylim((40.5,40.92))
plt.xlabel( 'Longitude’',size=20)

Result cells with output and visualizations e e e

plt.savefig('anothertry.png')

Jupyter Is the most popular open it ol - . -
. Severity of Motor Vehicle Collisions in New York Cit
source project and de facto standard ’ “yer—

car body damage
personal injury

Allows to create, run, edit notebooks wss | W fatal accidents
in web browsers

Can run with Python, R, Scala, and
many other kernels

Latitude

Notebooks are stored as .ipynb JSON objects

Not only for Data Science, also useful for
other applications that benefit from
text + code + insights + viz in interactive docs

Popular for publishing interactive tutorials & demos g e
with runnable code inside, and reproducable research Longitude

The resulting scatter plot shows that there are fatal accident hot spots throughout the city. You can see that in some
areas car body damage is prevalent, while in other areas personal injuries happen more often.



http://jupyter.org/

Jupyter Notebooks — Where to find Examples

GO M Data Science Experience Plans  Comenur Biog  Docs Sign I O Jupyter Notebook Pull requests Issues Marketplace Explore & +- @

All Notebooks

The latest version of this notebook is available here. For more information about how to use the
IBM Q experience (QX), see this link.
5,070 repository results Sart: Best match ~ . -
Languages Running Quantum Examples Using IBM Data Science Experience

This example is copied from the original n ked (changes in the first
code cell), so that it can be directly run using e X, ence (IBM DSX). if you want
to run other Quantum notebooks using IBM DSX, rst code cell and paste it at the
beginning of your other notebook.

Jupyter Ne

jupyter/notebook

About IBM Data Science Experience

. IBM Data Science Experience (IBM DSX) is an interactive, collaborative, cioud-based environment
pyter/docker-stacks where data scientists can use multiple tools to activate their insights,

if you just starting with QiSkit and looking for a webhosted Jupyter notebook environment, IBM

DSX is an excellent option. It is fairly easy to get your quantum notebook running in the Jupyter

notebook environment provided by IBM DSX. Moreover, it provides a platform where you can create

your Quantum notebooks, Invite fellow researchers to collaborate or simply share your work within

the community. []

DataFi 5 m New York car
a s

Use R Dat
Watson Nati report:

‘What you need to do
This example lllustrates how to tweak your notebook so that it is ready to be run using IBM DSX.

* In the first code cell, make sure to update the value of QX_API_token See the heading
below that instructs how to get this information.

® To run any other Quantum experience notebooks in IBM DSX, just copy the first code cell
of this notebook and paste it as the first code cell of your ‘other’ notebook then just run it

ipython/ipython

rep:

Getting your API token

The API access token allows you to connect to the IBM Quantum Experience API. Here is how you
can obtain this personal API access token.
ome to PideDust
machine learning 1. If you do not have an account for |BA yet, sign up for one by following the
instructions
Login to 1BM Q exp .
Click an your username that is displayed near the top right corner, and select My Account
The My Account page has a section called Personal Access Token . Just copy the token
displayed there.
Update the value of QX_API_TOKEN in the first code cell with this API token you just
copied in previous step.

a1

--> Notebooks https://github.com/search?utf8=v/ &q=Jupyter+Noteb
ook&type=Repositories
Curated example notebooks and tutorials in the
Data Science Experience Community Hundreds of thousands of Jupyter Notebooks
on GitHUb An example of a notebook that can run in a DSX
Project and call the IBM quantum computing
service

Recent AoT Data Science Hackathon
on Data Science Experience



https://github.com/QISKit/qiskit-tutorial/blob/master/1_introduction/running_on_IBM_DSX.ipynb?cm_mc_uid=24574902395214519070223&cm_mc_sid_50200000
https://datascience.ibm.com/community
https://w3-connections.ibm.com/communities/service/html/communitystart?communityUuid=0c2c13a6-8260-4dc1-bd83-efbf6b534004

