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Abstract: Intralogistics makes up an important part of thgpsy chains some call it the ‘heart of the logisti Lately the
appearance of cyber-physical systems has beenccaigrgficant changes in this area, enabling ndy enset of
interconnected devices, but let new concepts tionptemented. This paper presents a novel controtistre between
the centralized and decentralized concepts — thalkal intelligent node — which opens new posisiéd for local control
of intralogistics processes. The paper surveysilplessonnection of the intelligent node to the dimtion based digital
twin.

1 Introduction Complex systems’ control of Industry 4.0 requires
Industrial companies witness in the recent yedasge facing and handling of the Big Data problem. Geltera
number of new concepts and solutions spreadingathe this is a term for large and complex data setswoich
world of production and logistics. Some call théeeff of ~conventional data processing techniques are nofuatie:
these changes fundamental, some say these a&Re Big Data problem addresses capture, analysis,
revolutionary. The most relevant issue here idahiech of ~ Searching, sharing, storage, transfer, visualinatibdata
Industry 4.0, which is a relevant project [1] frédermany from various sources in dlffer.ent forms. Add|_t|d|yahe
on the application of Cyber-physical systems in théPeed of thg mformatlon flow is also challenglhgor.der
industry. It describes principles of production qesses t0 cope with this problem a common solution to
based on the tight integration and interconnectidn decentralize the intelligent, decision-making fimrs.
physical and digital components. Networking is eistee  Internet of things (IOT) devices are necessary lensifor
feature of this approach, the system componenfdis. A typical application for the above is presehin [3],
autonomously communicating with each other makinyhere development of a method for self-aware aifel se
decentral decisions along the value chain. Indudtfy Maintenance machines is described.

takes also account of the increased computerizafitine Factory logistic systems of large production féeii
manufacturing industries where physical objects aRiSo pose a big data problem. Production and logistta
seamlessly integrated into the information network. come from different sources, such as the production

Industry 4.0 supply however not only solutions buPlanning, manufacturing machines, and human ppstits
raises question and poses challenges as well.]lthg2 Of various roles in the system. Size of the facifitultiply
author characterizes CPPS systems (cyber-physidAe amount of data by the number of production and
production systems) as a composition of autonoraogs logistic segments. _
cooperative elements and sub-systems that aregettd These complex systems must be controlled in an
connection with each other in situation dependenyswat adequate way. There are many different possilsilfte an
various levels. Having such a complex structure th@Ptimal control structure, the most common andveete
research focuses on the modelling, forecastingeenttol ~ Vvariants are described in Chapter 2. Our approeesepts
of the Systems operation_ There are several in*mrtéhe so called ,,intelligent material flow” node agetails its
question in this context, like the level of autonprthe advantages and applicability in general and throagh

cooperation, and tho possibilities for an optiriarat example. This paper is part of our research profeRtC”
that has received funding from the European Union's

Horizon 2020 research and innovation programme.
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2 Control architectures of factory logistics  handling system and warehouse management are
This chapter describes the most common charadtsristintegrated under the production control. This whytre

of factory logistic control. Most common and tréafital  logistic operations originate directly from the guation,

system structures are built up using the centrilizéherefore separate optimization issues in the tiogisire

hierarchical concept shown in Figure 1. Here theengs  limited.
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Figure 2 Enablers of autonomous cooperation and control [4]

Though using centralized systems there are pasgbil number of possible combinations. This complexityraat
for a broad, overall optimization, lately the negdse for be managed by means of conventional, centralizettalo
more decentralized systems. This change of paradigen systems. In order to match to the above changed
caused by is increasing complexity in combinatiéthy& environment integration of new technologies andtrabn
high incidence of potentially disruptive factor§ [Burther, methods has become inevitable.
the increasing number of product variants leads goeat
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The new requirements led to the appearance ofyhignManufacturing Execution Systems - MES) system
decentralized, autonomously cooperating contraksysn approaches for the modelling of special resourdes |
the production and logistics. To create such artesized collaborative robots.
structure, several enablers from the system sidgt foel Decentralized systems build up a strongly
met, like depicted in Figure 2. interconnected network of nodes, where intelligence

Schumacher and Hummel in der publication [5functionality, type and location of these nodesdiverse.
proposed a decentral event-based control structtre. Between the central and decentral concepts partiall
consists of “system-"and “scenario-specific nodekich distributed architectures also exist (see [6]), nehan
provide agent-like decision-making. The connectethtelligent logistic object with appropriate micr@nd
modules are very versatile, starting from the catiseal macro view architecture is also depicted (see Ei@yr

x ”I'ntelligent Node
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Figure 3 Concept of an intelligent logistic object wide a wide range of control functions [ 6]

The above paper describes that autonomous coutrolleomplexity in the control system. The representatiba
logistic systems have several architectures whiferdn  system is real, if logistic objects include control
the extent of ability transfer, the distributionatfilities and functionalities, otherwise it is virtual. The threeain
the representation of system elements. The higledetel classes of architecture are Classical (Centralised)
of the first two aspects are, the bigger is themomny and Production Planning and Control (PPC) Systems,yFull
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Distributed Architectures with all the elements ngei systems central optimization was carried out. tusth be
intelligent logistic objects, and Partial Distribdt remarked however thatthis is not feasible any rirotarge
Architectures where only a few clients have dedisio systems where the Big Data problem comes forward.
making abilities. The concept of the intelligentieaneets Therefore, trends of decentralized adaptation cafse
the requirements of a partial distributed contrgdtem forward.
architecture, as it is based on some complex irdtion Fully decentralized adaptation has however a bakkla
objects that collect information from other systenthe information remains decentral, there is no teayse it
elements, make decisions and transmit them badketo for other purposes. To cope with this problem (ngrhew
clients. to use the information generally) ontologies comto i
In production logistic systems continuous changeser application. This is a good methodology to absticad
difficulties for the creation of the necessary coht concentrate information. Originating from the corgou
architecture. To match the structure to the cowmtisly and information technology, its excellent thinkipattern
changing environment, manual tuning of the elemengets more and more applications in other areaslis w
would require to excessive work. Therefore, selgiive The term “ontology” is originally a term from
features of the elements gain more and more impeeta philosophy and indicates the discipline that deaith
This is also related to the Big Data problems smtutthis  existence and the things that exist. In termsfofmatics,
way a large amount of information can be transéeinto  “exist” means all the subjects which can be repriegeby
knowledge via the adaptation process. In conveationdata (see [7], [8]).
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Figure 4 Concept of an intelligent logistic object with a wide range of control functions[9]

By translating the information into ontologies,forecast the system’s features. A general discnssfo
adaptation of the systems can be carried out easiadaptability in logistic simulation modelling cae found
Knowledge from earlier time periods can also beesto in our previous work [10]. Therefore, we suggest an
into repositories, from where these can be ,taken” emphasized role for the simulation models.
demand, in the case of modelling altered processgsod Next, based upon the above considerations, defniti
example for that can be found in the paper on Beimat of the proposed intelligent node architecture fofo
al. [9]. Here the ontologies are stored in a virtepository

of components. Using this modelling and simulationd  Structure of the proposed intelligent
experts can easier identify the necessary elem#énis, node for factory logistics

creating 'ta I?OFS hotmggerllqus s:lmulatlon model.  The /o the previous section we concluded that pytial
Process Itselt 1S depicted in mgure 4. decentralized  decision-making  units  can be

| .S![_mulatlton aspr?]cts are very |rr|1_po:.tant n gefgqmtfo advantageously applied for complex factory logistic
ogistic systems. The primary application aredie IS0 gystems. The necessary adaptive functionality can b
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achieved if the node is connected to the necesssrsors
and other information sources and human supervessrs
well.
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Figure 5 Concept of an intelligent node and its environment

Partially decomposition is done upon the spatialsing automatic guided vehicles (AGVs). The system
concept which means the nodes are distributed theer equipped with various sensors which are categoiizted
material flow area. This way local acting humamesisers two categories. First a general localization systism
information sources are connected to this nodes Thmecessary for the localization of material handling
approach differs from the functional one which veblaklp machines. Second, auto-ID sensors are installesleis
decision-making in a certain problem over the wholenabling measuring position and timestamp for wexio
system. logistic objects (unit loads, tools etc.). It ispexted that

We preferred the spatial concept because it enables auto-ID information is automatically used for the
only system adaptability but eases teaching of mgnfiar  determination of travel times in the simulation rabd’he
the control's specialities, resulting in a bidiieo&al intelligent node disposes of a data interface ak. ‘e
learning and adaptability between men and machines. functionality is detailed in the next section. Aadty it

The proposed intelligent node’s structure is exmdi enables transfer of the necessary information ftbm
via an example (see also Fig. 5.). Below the afedfect central production / logistic database into theusation
has been depicted (physical factory logistic sy¥teitn model. The information is filtered by human intdiar.
consists of in the example work cells from whicimnecof The simulation model is a digital twin which givése
them robotized. Among them the unit loads are parted necessary information for the decision maker madule
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Figure 6 Data transfer into the simulation model
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Figure 7 Data transfer into the simulation model

The intelligent node’s functionality is to overridlee user interaction, so it can be easily adapted &xpected
central control’'s decisions. For example, it iswgtofor changes as required by the concept of Industry 4.0.
the central control to send an AGV to a certainentite
exact path and traffic control comes from the ligeht 4  Specialities of the data interface
node. Its advantage comparing to the conventio®VA  The data interface module is a key component in the
controls come from the flexibility as it can difgctuse system. This is indispensable if continuous adéptis
various information sources. An important featwsetie required, because there is no general solutiondéda
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conversion for the above specific task. Therefore w7] AY, F.: Context Modeling and Reasoning using

propose an interactive software, through which irtgpu Ontologies, University of Technology Berlin, 2007.
material flow related data is transferred from cant [8] FRANCONI. E.: Revised Ontology Task Handbook,
databases into the simulation model. It is indedd/a Deliverable TONES-DO07, 2006.

steps process: first the necessary data is extréctes the [9] BENJAMIN, P., PATKI, M., MAYER, R.:Using

central database, using a semi interactive method. Ontologies for Simulation Modeling, Proceedings of
Afterwards, the simulation model can be set up gusin the 2006 Winter Simulation Conference, Dec. 2006.
automatic algorithms. The process flow is presemé&dy. [10] BOHACS G, RINKACS A.: Development of a novel

6. This semi-automatic methodology is not unknoen f material flow simulation model for the integratioh
the generation of simulation data. Skoogh et akhiir spatial and process relevant informatidogistics
paper [11] summarize methods for input data managéem Journal, Not Reviewed, (urn:nbn:de:0009-14-
in simulations and defined for the above four goup 43422), 2016.

In the listing of Figure 7. we found that our[11] SKOOGH, A., PERERA, T., JOHANSSON, B.,:
methodology and automatically populated externah da Input data management in simulation — Industrial
source are the most connected as in our intelligedé an practices and future trend§imulation Modelling
automatic model generation is carried out Practice and Theory, Vol. 29, p.181-192.

doi:10.1016/j.simpat.2012.07.009, 2012.

5 Conclusions
Above results belong to the foundational phaseuof o _
research work on the intelligent nodes. The oveyadll of Review process _
this topic is to verify that creating multifunctian Single-blind peer review process.
intelligent nodes with defined circle of effectasviable
alternative against the fully decentral concept olwhi
increases intelligence at every available comporidext
step of the research focuses on the transfer eetharly
results into industrial applications which increase
acceptance.

References

[1] Bundesministerium fur Bildung und Forschung:
Zukunftsbild ,Industrie 4.0“ [Online], Available:
http:// https://www.bmbf.de, 2017.

[2] MONOSTORI, L.: Cyber-physical Production
Systems: Roots, Expectations and R&D Challenges,
Procedia CIRP, Vol. 17, p. 9-13. d0i:10.1016/j.procir.
2014.03.115, 2014.

[3] LEE, J., KAO, H.A., YANG, S: Service Innovati@nd
Smart Analytics for Industry 4.0 and Big Data
Environment, Procedia CIRP, Vol. 16, p. 3-8.
doi:10.1016/j.procir.2014.02.001, 2014.

[4] WINDT, K., HULSMANN, M.: Changing Paradigms
in Logistics — Understanding the Shift from
Conventional Control to Autonomous Cooperation and
Control, Understanding Autonomous Cooperation and
Control in Logistics, p. 1-16. doi:10.1007/978-3-540-
47450-0_1, 2007.

[5] SCHUHMACHER, J., HUMMEL, V.: Decentralized
Control of Logistic Processes in Cyber-physical
Production Systems at the Example of ESB Logistics
Learning FactoryProcedia CIRP, Vol. 54, p. 19-24.
doi:10.1016/j.procir.2016.04.095, 2016.

[6] SOWADE, S., RIPPEL, D., & SCHOLZ-REITER, B.:
Modeling concept for the infrastructure of autonaiso
logistic processesCIRP Journal of Manufacturing
Science and Technology, Vol. 5, No. 4, p. 254-266.
doi:10.1016/j.cirpj.2012.09.011, 2012.

~ 37 ~

Copyright © Acta Logistica, www.actalogistica.eu



