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 If there is one decisive metric in the manufacturing environment, it
is the OEE (Overall Equipment Effectiveness).

▪ It measures how effectively a manufacturing operation is utilized
compared to how effective it could be.

▪ Average OEEs run at 60-70%. Today’s world class OEEs are around
85%.

▪ That means that even the most effective factories today lose 15% of
time on non-value-adding tasks like machine changeovers, stoppages,
maintenance, and production of faulty products.

▪ The monetary equivalent to a one percentage point increase in OEE is
gigantic for every company.
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 Many market researchers such as Gartner, Cisco and
PwC consider the industrial IoT as the IoT concept with
the highest overall potential.

 However, it has not gathered yet the interest that
smart homes or wearables have gathered, due to the
high investments required and the long periods of
implementation needed.

 The 2/3 of IoT benefits will deal with Industry and the
1/3 with consumer benefits.
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 “The electric light did not come
from the continuous improvement
of the candle.”

 “Technological innovation is
continuous and the concept of a
“revolution” is based on a lack of
knowledge of the details.”
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 CPS systems require seamless integration between computational
models and physical components.

 Each physical component and machine will have a Digital Twin model
in the cyber space composed of data generated from sensor
networks and manual inputs.

 A CPS can be constructed by
following the “5C” architecture,
which serves as a guideline for
the development of CPS for
industrial applications
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Platform Industrie 4.0
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 RAMI 4.0 is a three-dimensional map showing how to
approach the issue of Industrie 4.0 in a structured manner.

 RAMI 4.0 ensures that all participants involved in Industrie
4.0 discussions understand each other.

 RAMI 4.0 is a SERVICE-ORIENTED ARCHITECTURE.

 RAMI 4.0 combines all elements and IT components in a
layer and life cycle model.

 RAMI 4.0 breaks down complex processes into easy-to-
grasp packages, including data privacy and IT security.
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Basic questions about the business idea



Platform Industrie 4.0
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 The Administration Shell…

▪ … is the interface connecting 
I4.0 to the physical Thing 

▪ ... stores all data and 
information about the asset 

▪ ... serves as the network’s 
standardized communication 
interface 

▪ … is also able to integrate 
passive assets
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 Each physical thing has its own administration shell.

 Several assets can form a thematic unit with a
common administration shell.
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 Each object needs its own administration shell 
that allows its integration into Industrie 4.0.
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 The OPC Unified Architecture (UA), released in 2008, is a platform
independent service-oriented architecture that integrates all the
functionality of the individual OPC Classic specifications into one extensible
framework.

 This multi-layered approach accomplishes the original design specification
goals of:

63

▪ Functional equivalence: all COM OPC
Classic specifications are mapped to UA

▪ Platform independence: from an
embedded micro-controller to cloud-
based infrastructure

▪ Secure: encryption, authentication, and
auditing

▪ Extensible: ability to add new features
without affecting existing applications

▪ Comprehensive information modelling:
for defining complex information

OPC Foundation     https://opcfoundation.org/about/opc-technologies/opc-ua/

https://opcfoundation.org/about/opc-technologies/opc-ua/
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DATA AS THE NEW ECONOMIC 
ASSET

 Data is rapidly becoming the
lifeblood of the global economy

 Gartner estimates there are
currently about 4.9 billion
connected devices generating
data
▪ This is expected to reach 25 billion next

years.

GLOBAL EXPLOSION OF DATA

67European Political Strategy Centre (EPSC) (2017) Enter the Data Economy, Issue 2.1, January 2017.

 The real value is no longer in the product, as such, but in the opportunities it can
offer to users in terms of accessing information and experiences



68



69



70



71



72



 Event processing
▪ Esper (EsperTech)

▪ Drools (Red Hat)

▪ Apama (Software AG)

▪ Business Events (Tibco)

▪ IBM Streams …

 Stream Computing
▪ Apache Storm

▪ Apache Flink

▪ Apache Spark Streaming

▪ Apache Samza

▪ Twitter Heron …
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 Stream Data integration Platforms
▪ Apache Kafka Streams

▪ Apache Beam 

▪ Google Cloud Dataflow

▪ Apache Gearpump

▪ …



 More than 35 vendors in this market segment 

 Trends
▪ Open source

▪ E.g. Confluent (Apache Kafka), data Artisans (Apache Flink), Databricks
(Apache Spark Streaming), DataTorrent (Apache Apex) etc.

▪ Hybrid products

▪ E.g. FICO Data Management Integration Platform (DMIP), Hortonworks 
DataFlow, Impetus Technologies StreamAnalytix, Rapidminer Streams, and 
Salesforce Thunder leverage Apache Storm 

▪ Cloud-enablement

▪ Amazon Kinesis Stream Analytics, Microsoft Azure Stream Analytics and 
Salesforce now offer similar services
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Source: Julien Forgeat (2015) Data processing architectures – Lambda and Kappa, Ericsson Research Blog. 

• Developed by Nathan Marz, creator of Apache Storm
(2011)

• Used by Twitter and Spotify

Lambda architecture Kappa architecture

• Developed by Jay Kreps, creator of Apache
Kafka (2014)

• Used by LinikedIn and Yahoo



76
Source: Etzion O. (2016). Proactive Computing: Changing the Future. RTInsights.
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Lepenioti, K., Bousdekis, A., Apostolou, D., & Mentzas, G. (2020). Prescriptive analytics: Literature review and 
research challenges. International Journal of Information Management, 50, 57-70.



86
http://www.bdva.eu/node/1002

http://www.bdva.eu/node/1002


87



88McKinsey Global Institute (2016) The Age of Analytics: Competing in a Data-Driven World, December 2016.
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 … data quality is usually poor.

 … data quantity is usually low.

 … computational infrastructures are usually weak.
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Target

Where we 
are now

Target
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 The P-F Curve is a common way to represent the
behaviour of an asset before actual functional failure
has occurred.

 There is a sense in which failure is a process, not an
event.

 The P-F interval can be seen as an opportunity
window during which decision making ahead of time
can eliminate the anticipated functional failure or
mitigate its effect.

 Predictive maintenance uses condition monitoring equipment (e.g. sensors) in order to track
the performance of equipment, to detect abnormal behaviour, to predict future failures and to
support decision making about proactive actions.
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Bousdekis, A., Lepenioti, K., Ntalaperas, D., Vergeti, D., Apostolou, D., &
Boursinos, V. (2019, June). A RAMI 4.0 View of Predictive Maintenance:
Software Architecture, Platform and Case Study in Steel Industry. In
International Conference on Advanced Information Systems Engineering
(pp. 95-106). Springer, Cham.
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