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Abstract—This work gradually summarizes key areas in de-
centralised production and asset administration shell. The in-
frastructure stands on Siemens PLCs with OPC UA servers.
Furthermore, this paper presents a practical solution together
with testing results on applications of industry 4.0 concept of asset
administration shell, serving as a proof of concept for future
research in this area. The findings underscore the potential
of decentralized production coupled with asset administration
shell to revolutionize industrial processes, offering enhanced
flexibility, efficiency, and autonomy.

Index Terms—decentralised production, asset administration
shell, digital twin, plc, opc ua

I. INTRODUCTION

Decentralised production has lately become one of the key
ideas in industrial world. This concept, which brings more
flexibility, efficiency and overall reduces dependence on cen-
tral control, is getting more and more supporters. Yet there are
not enough practical approaches due to lack of required new
industrial background and control.

This work assess the possibility of giving products
in the production line required tools, so that they would:

e« Know what is supposed to happen with them, i.e.
they would know their own recipes.

o Have abilities to communicate with other entities
in the production line, so they could reserve actions by its
recipes.

o Act appropriately, so assets with greater priority would
be finished sooner, emphasising on optimal economic
production.

It aims to present possible solution in form of newly devel-
oping concept Asset Administration Shell, which builds upon
already existing infrastructure, thus reducing initial financial
requirements. Yet at the same time it revolutionise the way
of production by giving some form of “intelligence” to product
itself.

II. ASSET ADMINISTRATION SHELL

Concept of Asset Administration Shell (AAS in short)
has been around for a few years, yet it remains relatively
unknown to many. Therefore this section provides some form
of illumination of this idea.
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A. Digital Twin as a Baseline of AAS

For the purposes of this article, the meaning of a digital twin
is understood at its highest level of integration, as explained
in [1], meaning the data flow between physical and digital
objects are fully integrated.

The notion of the digital twin stands as a cornerstone
in the realm of Industry 4.0 technologies, serving as a coun-
terpart which mirrors physical assets. In the context of AAS,
the digital twin emerges as a fundamental element, upon which
AAS principles are built.

B. Current Understanding of AAS

First major source of information in concept of AAS
stemmed primarily from Platform Industrie 4.0, a prominent
association supported by Germany. This organization played
a pivotal role in the theoretical AAS development as a whole.

Later they merged into Industrial Digital Twin Associa-
tion, where they adopted more practical approach. The IDTA
boasts numerous companies, including major ones, which are
the forefront of advancing Industry 4.0 concepts.

However, their open-source specifications of AAS primarily
emphasize the commercial aspects, as can be observed from
their AASX Package Explorer, available at https://github.com/
eclipse-aaspe/aaspe. As mentioned earlier, this paper focuses
more on the industrial aspects, so it can at most be inspired
by their specifications and transform some of their concepts
into practise.

Asset Administration Shell can be described as an advance-
ment upon the concept of a fully developed digital twin. It got
much more communication possibilities, meaning it is able
to communicate with other AAS using predefined rules. It is
worth a mention that the way of how AAS store its data
is strict, where each type of data is stored inside predefined
submodels, each containing data for the given group.

C. Functionalities

Asset Administration Shell can be divided into two parts:
Passive AAS and Active AAS. The passive AAS takes care
of proper storing of its own data. That is their submodels
and identifications. The active part on the other hand provides
communication with other entities in the factory. The 14.0
language is defined in VDI 2193/1-2, from which this work
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draws required standards to ensure proper AAS communica-
tion possibilities. [2]

AAS communication participants are in service driven
industry divided into two main groups. First of them are
called Service Providers (SP). These entities are represented
by machines in a factory, in this case PLCs, which offer their
services to the second group. The second group is represented
by Service Requesters (SR), e.g. assets. Their primary objec-
tive is to identify SPs capable of meeting specific requirements
outlined in their individual recipes, thereby enabling them
to allocate tasks, so they can reserve their actions there
by predefined communication infrastructure mentioned earlier.

III. IMPLEMENTATION

Data model presented in this work is not concerned about
giving devices possibilities to either be both SP and SR
at the same time or gradually change their status in their life-
time, although that is possible and even encouraged by several
sources at IDTA. The reason is that additional work would not
justify the few advantages resulting from their implementation,
especially since this work aims to serve as a proof of concept,
endeavouring to apply theoretical understandings of AAS into
practise.

A. Requirements

Implementation of AAS mentioned in this paper gradually
follows up on authors previous work [3] and the infrastructure
there created. Each device is represented by Siemens PLC S7-
1500 due to their widespread and broad support, especially
possibilities of their virtual simulation using PLCSIM Ad-
vanced V4.0, which enables testing of decentralised production
at much larger scale.

OPC UA is the communication protocol of a choice, requir-
ing OPC UA servers on each SP and OPC UA clients on SRs.
The reason beying their object data representation and robust
real-time communication even with higher network load. [3]

One of the final requirements is the diversified production
itself. For decentralised production of this nature to be more
profitable than standard hierarchical control, highly customis-
able products are necessary.

B. Data Model

As outlined earlier, communication is performed by OPC
UA methods on PLC servers together with shared variables via
same protocol. Communication environment was made in form
of XML file using SiOME application as showed on Figure 1.
Each method has one input and one output parameter, always
of a type string!.

Priority queues are implemented in every PLC in order
to ensure continuous production without unnecessary delays.
Furthermore, the decision to utilize priority queues allows
products to be handled based on their respective priorities,
which may be for instance determined by factors as their
urgency in manufacturing or their potential profitability.

IData type in PLC is WString due to its compatibility.
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Fig. 1. OPC UA environment for PLC.

Moreover, each PLC maintains a queue of reported prod-
ucts, where products within the sphere of influence of the re-
spective device are located. This implementation mechanism
was devised to enable machines to identify which products
from the priority queue could be worked upon, a capability
that would not be possible in a virtual testing environment
otherwise.

C. Service Providers

There are three submodel types of service providers, where
every PLC in presented data model is assigned to one specific
submodel:

o Storage - giving and storing product materials

o Manufacturing_Unit - making changes on products

o Manipulator - transporting products between service

providers
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The unified architecture of OPC UA environment ensures
that, although each type of submodel has different services
to offer, the communication interface remains the same for all
of them. This contrasts with previous research in this area [3],
where this was not the case due to the early stage of a devel-
opment.

Each PLC has its own data block for priority queue, as well
as separate one for the queue of reported products.

Active AAS is ensured by OPC UA methods and several
variables. Functionalities of those methods are as follows:

« FreeFromPosition: Product reports to device, that it is
no longer occupying specified position.

e FreeFromQueue: Product removes itself from devices
priority queue.

o GetStatus: Product asks device about his status.

o GetSupported: Product asks the price of requested ser-
vice.

e ReportProduct: Product reports its position in devices
sphere of influence.

« ReserveAction: Product reserves its service into service
providers priority queue.

On the other hand, variables inform all products of their inter-
nal data flow, such as queues fulfillments, statuses of various
actions, the type of submodel they represent, and so forth.

Priority queues are implemented in form of multilevel queue
due to the fact that PLCs do not support dynamic memory
allocation. They are stored in hierarchical structure using
custom user defined types. There have been created low level
functions for queue: clear, find, get, push, remove and high
level functions for priority queue: clearAll, clearPriority, find,
get, push, removeByld and removeByPosition. These are used
by respective OPC UA methods. PLC resource consumptions
by priority queues are managable even for larger priority queue
with a maximum of 10 priorities, each having 1000 reserved
products.

Passive AAS is implemented in a unique specific form.
The distinction between individual submodels is neither possi-
ble nor even requested in PLCs. For these reasons, only a basic
form of passive data is available trough static shared variables.
However, passive AAS also contains logic for internal data
maintenance, such as the device itself and upkeep of priority
queues.

D. Service Requesters

Service Requesters as OPC UA clients were implemented
in Python, despite the initial counterintuitive impression due
to its overall slowness in these types of applications. The main
reasons behind this choice could be summed up as follows:

e Source code for submodels by IDTA is in Python, which
enables future cooperation.

o Python is great language for Artificial Intelligence (re-
ferred to as Al thereafter) in terms of libraries. That is
important in possible future applications in SR with aim
to optimise large masses of SRs.

e Speed of which python code is executed is insignificant
in comparison with communication times between clients
and several PLCs in a factory.

It has been opted to centralize service requesters into main
AAS hub, which is connected to all OPC UA servers. This
approach alleviates the strain on OPC UA servers, mitigating
potential overload resulting from a high volume of clients
represented by individual service requesters. They are stored
in local sqlite3 database, as shown on Figure 2.

IV. TESTING

The entire system was tested on 29 virtual PLCs: 3 Storages,
8 Manipulators and 18 Manufacturing units, all supporting
specific materials and operations with different parameters.
Every device had priority queue with 10 possible priorities,
each having only 10 available spots for products, meaning
100 in total. This was done to overload queues, so service
requesters would have to reserve their actions as ones with
lower? priorities into available spaces, so effects on decreased
product prioritisation could be better assessed even in these
critical conditions.

AAS hub contained at the start 20 products with priority
2, 10 products with priority 5 and 30 products with priority
7. Further products were added during runtime, so already
reserved products would have the option to re-register at dif-
ferent devices according to respective queue fulfillments. Each
SR had on average 7 different required operations in their
recipe.

There have been no problems with PLCs, mostly due
to the fact that main AAS hub approached PLC servers grad-
ually, so they were not overwhelmed. Product prioritisations
were lagging due to the fact, that SRs were not unregistering
themselves gradually in case of full queues. This did not
happen with repeated testing in situations where each priority
queue had more available space. However, even that did not
help in situations, when several PLCs were in runtime turned
into failure to simulate how products would react in case
of broken devices. There have been no significant lagging
in terms of AAS hub having too many SRs, since times
required for devices to perform their operations were between
2,5 and 10 seconds, depending on device type and their ability
to perform specific operation. In a scenario where this could
become a problem, local sqlite3 database enables working
with multiple AAS hubs, which reduces their individual com-
plexities and thus decreasing delay between service requester
actions.

V. FUTURE WORK

One of the crucial considerations for the widespread adop-
tion of AAS across diverse industrial environments are in-
teroperability and scalability. Future work ought to focus
on enhancing the scalability of AAS to support interconnected
networks of assets. Additionally, efforts to improve the inter-
operability between different AAS implementations will be

2Priorities were in range of [1, 2, ... 10], where lower number = higher
priority in the production.
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ip_adress & text id sr £
name text id_batch
submodel text previous_sp
input_position integer active_sp
output_position integer reserved_sp
state
position

id 2 integer id_batch &

name text material
number_of sr

batch_priority

service_requester

integer id 2 integer
integer name text
. =]
o id phase £ integer
o id_sr nteger
o req_operation nteger
operation_parameter nteger
priority_of_sequence nteger
state text
integer
id# integer
iteger name text

Fig. 2. Service Requesters database.

essential to enable future integration and compatibility across
heterogeneous industrial ecosystems. For these reasons giving
each AAS the option to be both SP and SR at the same time
will be necessary.

Second major topic of future work is the enhanced au-
tonomy and decision-making capabilities of AAS. Future
research could explore the integration of Al, such as reinforce-
ment learning and predictive analytics, to enable autonomous
decision-making. This could further optimize production pro-
cesses in real-time.

VI. CONCLUSION

In this study, a novel method of decentralised production has
been introduced, yielding results that have surpassed initial ex-
pectations. Trough the exploration of AAS as an advancement
upon the concept of digital twins, the potential to revolutionize
production processes has been vividly showcased. This frame-
work empowers products with the capability to understand
their recipes, communicate with other entities in the production
line and act appropriately to optimize production processes.

Decentralised production with implementation of asset ad-
ministration shell has proven to be a viable concept with
potential applications in industry. by providing products with
inherent intelligence”, AAS facilitates a level of adaptability
and efficiency previously unseen in traditional production
setups. Furthermore, the identification of certain deficiencies
trough the implementation process presents valuable opportu-
nities for future research in this area.

Overall, this study underscores the potential of decentralized
production coupled with Asset Administration Shell. As indus-
tries continue to evolve towards more flexible, efficient and au-

tonomous production systems, the integration of AAS stands
as a pivotal step towards its realisation. Moving forward,
continued research and innovation in this domain promise
to unlock even greater efficiencies and capabilities.
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