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Abstract.

Industrial production environments are complexati@ and driven by un-
certainties nowadays. Enterprises are strivingflédibility and adaptability to
handle these challenges and remain competitivekéflaequirements such as
shortened product life cycles, increasing numbevafants, and customized
products lead to complexity in production systeffis.be able to handle this
complexity, digitalization like the vision of “Indirie 4.0” can offer different
solutions. In such complex production settings,isien-making and real-time
reactions to events occurring during productiorcpsses are one way to handle
the challenges. The approach presented here irchudituational handling of
events for a manufacturing environment. The exeryplfaplementation of the
method will be carried out by means of a complex&yPhysical Production
System (CPPS) at the Fraunhofer Research Institfwio€asting, Composite
and Processing Technology IGGWV Augsburg and demonstrated using an ex-
ample of a mass production for CFRP components.

Keywords: Complex Event Processing, Rules, Production Progsesse

1 I ntroduction

Digitalization leads to increasing amounts of ddd¢acribing the status of products
and resources in an industrial production enviramm®n the basis of this data, in
order to achieve a near real-time monitoring anatrod of production and logistics
processes, an intelligent processing and analyslata is required. As a result of this
development, "complex event processing" (CEP) ptysmportant role for analyz-
ing extensive data streams in near real-time. GEPn@thods, techniques and tools to
process events in real-time [1]. For example, frarglention systems in the financial
world are based on CEP. Fraud detection in ban&mw) credit card processing de-
pends on analyzing events. This must be conducteeal-time to prevent losses
before they occur. [2]
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CEP is both an industrial growth market and a ne$earea. Despite the first suc-
cessful projects in various fields such as bankihgre is still a need for experience
with adaptions of CEP to specific processes like itidustrial production environ-
ment. [3]

For CEP applications distinction can be made between complex eventssa&ho
patterns within the data streams are known a praomil formerly unknown patters,
which have to be recognized for the first timethe first case, special event query
languages provide a convenient way to specify cermplents and efficiently recog-
nize them. In the second case, machine learningdatal mining are applied to the
data sets. [1]

The approach presented here focuses on the seesed Eigure 1 shows a sche-
matic procedure of a CEP engine [4].
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Fig. 1. CEP Engine

Multistage production processes with sequentiatiifofving process steps are
characterized by complex relationships and inteastbetween the process parame-
ters. Challenges for processing events in thesgugtion processes include the large
amount and heterogeneity of the data, the highdspeguirement of these events, and
the partially insufficient data quality. Therefotbere is a need to process the occur-
ring events automatically, systematically and prtyng-or this to be achieved, the
following objectives have to be fulfilled:

» agility,
* responsiveness and
 real-time capability.

This corresponds to the idea of the Real-Time i (RTE). The RTE stands
for real-time in the business world. All necesserfiprmation should be available at
the right time. [5]

RTE includes the electronic control of internal iness processes as well as those
that affect business partners and suppliers. Tinhelyi consideration comprises all
projects and properties and their current statiesanting in real time.

A higher flexibility is achieved in process managemusing the Real-Time En-
teripise, whereby the company can respond morekiyui©ther benefits include the
cost savings, higher speed and better producttguali



In order to implement RTEs various intelligent atetentralized control approaches
are possible [6]:

e Multi-Agent Systems

¢ Holonic Manufacturing Systems

« Bionic Manufacturing Systems

e Fractal Manufacturing Systems

< Reconfigurable Manufacturing Systems
e Agile Manufacturing Systems

e Flexible Manufacturing Systems

e Service-Oriented Architecture

« Event-Driven Architecture

When comparing the different management approdepesiteria such as flexibility,
agility, real-time capability, responsiveness aadlistic modeling, significant differ-
ences, especially with regard to the applicatieasrand the practicality of the con-
trol approaches, show up.

The current research activities aim to introduee $OA paradigms in all control
levels of a manufacturing company. Business apipica offer their functionalities as
services in a Service-Oriented Architecture (SOR)e communication approach of
SOA is based on request-reply communication.

Since RTE has to react to events in real-time, ithglementation of publish-
subscribe mechanism is needed for RTE [7]. An Eanten Architecture (EDA)
supports the production, detection, consumptionraadtion to events. Nevertheless,
SOA and EDA are complementary concepts for achigemodularity, loose-coupling,
and flexibility [8].

In addition, the systematic processing of everds #ne generated during the pro-
duction is a promising approach for the implemeotabf RTE. Although CEP is a
proven technology in the financial industry, thejaisition of real-time monitoring
and control of manufacturing processes requiregratiention.

Figure 2 provides an overview of the classificatidrCEP as a building block for the
realization of a Real Time Enterprises. For thigpse, a distinction is made between
control architectures and software technologies.

A Service-Oriented Architecture (SOA) in conjunctizith an Event-Oriented Ar-
chitecture (EDA) can build the basis for the impésmation of a Real Time Enterpris-
es. The combination of these two architecturessis ealled SOA 2.0 [9]. In this con-
text CEP, Simple Event Processing and Event Strieeonessing are software tech-
nologies for the implementation of Real Time Entegs. Simple Event Processing
means that simple events directly trigger spec#isults. In contrast, Event Stream
Processing is a technology for processing continewent streams.



software technology

Simple Event Processing Complex Eé;’; Processing Event Su'eaEl;PProcessulg

architecture

|
1
|
I
|
1
1
I
I
I
I
I
I
I
I
I
|
I

Fig. 2. Softwar e Technology and Ar chitecture

2 Resear ch Question and Goal

In order to adapt CEP for applications in manufaotu environments, further re-
search is necessary in the fields of knowledgeesprtation, event modeling and
event processing.

The goal of the approach represented here is telae\a situational event man-
agement. This situational event management shmulthsed on the CEP technology.
The focus lies on the development of a procedurdghfe deduction of rules for the
CEP engine. Currently, experts have to design ami&nstand event models that are
representing the dependencies and relationshipgebatevent objects of the business
processes [10]. Moreover, they have to understaedhistorical data and derive
knowledge in order to implement declarative rulegether with IT experts. Within
this work a method that maximally systematizes andmizes this proceeding should
be developed.

The main research questions are:

¢ Which events are available and relevant for théteee control of complex pro-
duction processes?

¢ How can data of different sources be brought tagrethan event model?

¢ How can rules systematically and automatically &eegated for event processing?

¢ Which actions are suitable for the situational éveandling and control of the
production processes?



3 Proposed Approach

The solution components for the realization ofékent handling consist of the fol-
lowing three areas:

« event modeling,
e event processing and
» event reaction.

These three solution components build on one ansthengly and influence each
other. Since event processing is the central comptoof the event handling process,
it is the focus of this work
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Fig. 3. Approach for Event Handling

3.1 Event Modeling

In order to formulate the rules for the CEP engineevent model has to be described
to visualize the relations, constraint and abstvadevels. A modeling method for the
description of the differences between the releeaents and dependencies has to be
chosen. In addition, the relevant events for tred-tiene control of the production
processes should be identified and be comparedstétidards and norms in the field
of event definition. Moreover, alternative modelimgthods and languages regarding
event modeling should be compared.

However, first assessments have shown that thaddniflodeling Language (UML)

is suitable for event modeling. Graphical event eledgnd event constraints can be
described by UML.



3.2 Event Processing

For this purpose, the area of rule languages amgl tthe evaluation and selection of
possible software solutions has to be illuminafBlee design of the rules should be
based on expert knowledge and methods such asndatag. Alternative control
languages and alternative event handling methdasmanual or automatic response
to events, have to be elucidated. Different sofewsolutions have to be considered
for the realization of a CEP engine. The main foaUthis part is the development of
a methodology for the creation and adaption ofsfibe the CEP engine.

The methodology will be based on two pillars. On¢hie graphical user interface for
domain experts and the other one is the establishafeules by data-mining.

For the development of the rule system the requérémhave to be collected, evalu-
ated and analyzed. Important requirements are litgatfithe GUI and the reliability,
flexibility and scalability of the system.

3.3 Event Reaction

Finally, the area of possible reactions to eveatsth be examined. The possible ac-
tions triggered by the event rules have to be d@dfiand compared. Different output
media such as tablet PCs, headsets and highenTesgstem are suitable.

The main question will be: is a manual or an autimmasponse to events more
appropriate for the field of production? Therefdrean attempt to answer this ques-
tion, a scientific study will be carried out in thentext of the use cases explained in
Chapter 4.

4 Use cases

The exemplary implementation of the method will daaried out by means of a
complex Cyber-Physical Production System (CPP®)eaFraunhofer Research Insti-
tution for Casting, Composite and Processing TeldyyIGCV in Augsburg and
demonstrated using an example of a mass productid®-RP components.

The Learning factory for cyber-physical productieystems(LVP) at Fraunhofer
IGCV in Augsburg shows a modern production preskbtethe example of a gear-
box.

The production scenario is based on the manufactand assembly of a gear box
with a high number of different variants. The diffst parts of the gear box are pro-
duced on several machine tools. Subsequently, therguality assurance step before
the variant specific parts are assembled on segttibns. After this last step of the
production process, the gear boxes can be delivertak customers.

The demonstrator consists of two material stockisyraing machine as a produc-
tion resource, a quality assurance station andnbanual assembly stations. In addi-
tion to these fixed resources, there is a mobileoraesponsible for the material
transport.

The goal of the prototypical implementation is thalization of an intelligent pro-
duction control as a reaction to certain eventinguhe manufacturing process of the



gear box. The handling of production informationsimart products is realized by
RFID tags. Several RFID antennas have been indtadl@ughout the demonstrator to
enable the reading and writing of information orpartant points during the produc-
tion process.

Moreover, the situational event handling will beriastrated using an example of
a mass production for CFRP components. Within Qarbiber Reinforced Plastic
(CFRP) production processes many events affectubhéty|and production planning
and control. Through the interaction of the induadl events, such as mold tempera-
ture, completion of required preforms, and so ampglex situations arise, which
should be monitored and analyzed in real time. @GERitable for this application.

Challenges for the mass production of CFRP compsnieclude the high costs
and the lack of transparency of the dependenciggeka the events that occur in the
production process. In order to reduce the inventitre transparency along the sup-
ply chain has to be reduced and manual operatians to be eliminated. This should
lead to lower costs, increased responsivenessangels during the production pro-
cess and reduced efforts for rework.
The process costs can be reduced up to 40 % biyrter optimization of the pro-
cesses for the production of CFRP components. [11]
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Fig. 4 CFRP Process and Events

5 Conclusion and futurework

The use of the software technology "Complex Evemtc@ssing (CEP)" should be
examined in more detail for the production areanéar real-time monitoring and
control of production and logistics processes cangalized with the help of CEP.
For the present work this should be realized withilearning factory for digitalized
production (LVP). The LVP shows the practical petdality of “Industry 4.0” for a
richly varied gear production.

In addition, the feasibility will be shown for aaleCFRP manufacturing process as
part of a research project. The event processitigbeideveloped for this use case,
and thereby the procedure for developing a sdnat event handling will be vali-
dated.
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