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composition of services within the scope of platform
ecosystems is a very relevant topic from both a technical and a
business perspective.
This paper is organized as follows: Section 2 defines the
term industrial digital service, delimits the perspective relevant
to this work, briefly introduces relevant communication
concepts (2.1) and distinguishes between service orchestration
and service choreography (2.2) in the context of industrial
information technology (IT) platform concepts (2.3). In
addition, the obstacles, e.g. caused by heterogeneity in
manufacturing systems are classified (2.4). Section 3 deals with
the proposal of an applicable platform-based system
architecture enabling value-adding service bundles. Section 4
summarizes the proposed architecture in a nutshell and gives
an outlook on further steps for subsequent development and
practice-oriented implementation of the concept.
2. Digital industrial service systems
Industrial digital service systems generally describe service
systems based on the use of ICT [7]. However, in academic
discourse as well as in the field of applied research and
development, there are several understandings of the term
service in industrial environments [8]. In context of the
proposed architecture, we do not limit our view to certain areas
of manufacturing, e.g. the shop floor or high-level corporate
functions, as they are structured in the multi-level model also
known as automation pyramid [9]. Following [10] we
understand the described system as a nonhierarchical network,
in which ubiquitous communication is feasible through suitable
infrastructures and propose system-relevant additions.
From an organizational viewpoint, industrial services can be
seen as direct or indirect sources of revenue for providers [11,
12] and are typically divided into groups [13]: Following this
segmentation, particularly the two categories maintenance
services and operational services comprise elements that are
relevant in context of this paper.
2.1. Communication concepts for industrial service networks
Digital transformation has led to the development of diverse
concepts and solutions for the use, integration and composition
of Internet-based services as well as digital business models.
However, these concepts often cannot be transferred easily to
systems of manufacturing companies and their partner
networks without adaptations of the communication
technology requirements [14]. For the implementation of
service-oriented
architectures
(SOA)
in
industrial
environments, the concept Enterprise Service Bus (ESB) has
been established with regard to communication and offers an
important basis for future development of communication
solutions that enable generation and barrier-free use of valueadding service bundles. A performant example is the Virtual
Automation Bus (VAB), which was developed within the
framework of the Industry 4.0 middleware Basys4.0 and
enables end-to-end communication between various
production participants on basis of the Asset Administration
Shell (AAS) [15]. The NAMUR Open Architecture (NOA)

pursues a different approach: This process industry standard
supplements the classic automation pyramid with open
interfaces, e.g. on basis of industrial communication protocols
like Open Platform Communications Unified Architecture
(OPC UA) but does not strive for the conversion of such
systems to non-hierarchical service networks [16]. Open
Process Automation (OPA) represents a contrary approach: In
future control systems will be completely redundant and
system functions will be provided platform-based according to
this approach [17].
2.2. Industrial services and service composition
Especially in non-industry-specific application areas, i.e. in
the business-to-customer (B2C) segment, it is evident that
digital platforms and services provided on them enable
successful business models. However, such models are not
easy to transfer to industrial environments, since B2C
applications are mostly characterized by a multitude of onetime transactions between the participants and not by long-term
relationships [18].
According to the paradigm of service-oriented computing
(SOC), services are used as encapsulated basic elements to map
complex business logics. Services are abstract software
elements or interfaces that provide other applications with
standardized access to application functionality via a network
[19]. In order to meet the requirements formulated by
Papazoglou [20], services must fulfill three essential
characteristics: (1) Technological independence, (2) location
transparency and (3) loose coupling.
Based on the SOC concept, existing services can be
combined in bundles. In this context, a distinction is made
between service orchestration and service choreography.
Orchestration describes a flexible combination of internal or
external services into a composition that defines a certain
business process. In contrast, services in a choreography
describe only their respective purpose without any larger
context. The focus is therefore on service functionality and the
interaction between individual processes. [21]
2.3. Service-oriented architectures, micro services and
platform-based service provision
A SOA is a “[…] multi-layered, distributed architectural
principle of an ICT-based system. Parts of applications, for
simplified process integration, are encapsulated as businessoriented services and certain design principles are taken into
account” [22]. The introduction of SOA is intended to
transform the structure of monolithic IT systems into a network
of distributed services without a defined hierarchy of available
components in these systems. In order to achieve this result,
applications must be broken down into their logical
components. Among others, a SOA-based system must fulfill
the following non-functional properties: (1) Modular
expandability without changing the inherent logic of the
holistic system, (2) redundancy and resilience as well as (3)
scalability.
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Services are key elements in this context. They are used to
map subfunctions of extensive applications. Especially the
concept of micro services plays an important role. They are
regarded as software components that can be operated without
interdependencies. Each micro service has a specified
functionality within a system and its communication format is
decisive. The principle smart endpoints - dumb pipes reflects
that approach: The infrastructure used for message
transmission between components serves exclusively as a
message router while programmatic intelligence is in the
endpoints (the services). They receive requests, process the
input data and produce a response. [23]
Accompanying, some of the most important foci of the
fourth industrial revolution are primarily set on linking and
interacting between machines, processes and personnel, as well
as automating complex business processes through
servitization [24]. These efforts in industrial production are
subsumed under the term industrial internet of things and
services (IIoTS). In this context, cloud-based platforms for the
provision of data-driven smart services are also gaining
importance. The integration performance expected from IIoTS
platforms becomes clear in the sheer amount of the different
user roles and corresponding hurdles [25].
2.4. Challenges in digitized production networks
Enterprises face far-reaching challenges in the preparation
for the future of production, with strategic hurdles to be tackled
on a broad basis. These include highly globalized markets,
highly individual customer demands, extensive automation
efforts and rapidly evolving technologies. In particular, the
factors of automation and advancing technologies pose strong
operational challenges causing profound changes in many
business areas [26].
In context of Industry 4.0, platform solutions that make
services available online play a major role, with many different
providers creating heterogeneity and increasing complexity in
the market. The various solutions are difficult to combine, and
individual services cannot be integrated easily into other
platforms. These hurdles prevent the emergence of efficient
platform ecosystems. Cross-company communication is also
difficult due to different limitations. They include security
requirements, but also the concern of manufacturing companies
to disclose internal data and thus the acceptance of competitive
disadvantages.
It is also difficult to identify individual services, which
should be meaningfully combined in service bundles. Apart
from planning support tools such as [27], a platform
environment must also support the user in mastering
complexity and providing suggestions for possible service
combinations. This is the basis for monitoring and evaluating
service bundles in terms of their effectiveness and efficiency
and to optimize combinations during use.
Solutions for the administration of service networks like
Consul do not offer adequate functionalities to meet the
technical requirements needed. Also, the sole use of an ESB is
not sufficient to combine services and thus foster value creation
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and to maximize the degree of automation in transorganizational networks.
3. A platform-based system architecture enabling valueadding service bundles
In addition to common semantic communication protocols
and ESBs, service platforms utilizing these concepts are a
promising approach to solve the challenges outlined in section
2.4. They allow to link atomic service components and benefit
from pre-arranged service bundles of different providers both
internal and beyond company boundaries. For implementation,
the overall system must be modularized, and each component
must be regarded as an independent service providing its own
specified interfaces for interaction.
In the context of this paper, we assess industrial digital
services as software-based business-to-business (B2B)
solutions offered on digital platforms online. Furthermore, we
differentiate between atomic, not further decomposable service
entities and combined value-adding services, so-called service
bundles, built with the help of atomic services. Such service
bundles can be generated automatically or user-based, however
users must be supported by the system when composing the
context- and company-individual service bundles.
The proposed architecture is clustered in the context of
Platform as a Service (PaaS) systems. This concept extends the
functionality offered by the Infrastructure as a Service (IaaS)
approach by integrating development and runtime
environments. This enables the development and utilization of
cross-platform application components. However, the focus of
the developed system architecture is not exclusively on the
provision of runtime environments for user-friendly service
integration, but on the simplification and standardization of
communication between individual service components within
a platform and between platforms of various providers. In the
context of our developments, we use a sustainable
communication substructure that enables the implementation
of platform-based service systems especially in manufacturing
technology. We also follow the concepts that focus on the
creation and use of non-hierarchical IT networks.
3.1. System architecture and components
Following, we propose a conception of a holistic system
architecture in which all hard- and software-based elements
from the shop floor to the ERP level as well as the user can be
integrated and linked in terms of ICT. The different user roles
within a company and its partner enterprise network are thus
offered extended capabilities for controlling, evaluating and
eventually increasing the productivity of their cooperation. In
the developed architecture several relevant aspects are
considered. Fig. 1 shows the different entities within the
system: The shop floor level contains a variable number of
different production facilities. These are connected to the
platform via the message service bus (MSB) and thus also to
the distributed services. The platform solution itself integrates
different service types. These include components of the
platform management, e.g. the service directory as well as
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Fig. 1. Overview of the proposed cross-enterprise service-oriented platform architecture.

atomic service components from various providers, e.g. data
analytics services or visualization components. In addition, the
value-adding linkage based on services between partner
companies is addressed. The following general explanation of
the architecture is based on the 4+1 view model by Kruchten,
whereby the scenario is explained in chapter 3.2, as part of the
application case-driven implementation. [28]
The Logical View illustrates the end-user functionality by
describing the individual modules that the system provides to
the user. The proposed architecture acts as a generic framework
for the implementation, orchestration and especially
choreography of different, predominantly software-based
modules. For the implementation of this system distribution
and configuration of functional units as well as their integration
into the platform management are necessary. This allows
simple networking of standardized entities in which different
functionalities are encapsulated.
Non-functional elements are described in the Process View.
These include interaction mechanisms, the performance and
scalability of the architecture. Sophisticated systems can
execute different operations asynchronously. This allows
processes to run in parallel, new instances of subprocesses can
be called and additional service modules may be integrated at
runtime. The mapping of functional modules in independent,
encapsulated micro services ensures component autonomy. In
this way, different hardware versions can be used effectively at
different architectural levels. In this context, we differentiate
between the shop floor, edge, ERP and cloud levels. The
limiting factor in this context is the communication structure,
i.e. the maximum number of messages that can be exchanged

simultaneously between the different services and the possible
number of parallel connections. The use of a lightweight
message bus and event-based information exchange ensures
reliable and fast communication.
The Physical View focuses on mechanisms of software
distribution on different hardware levels. We favor container
solutions for the simplest possible distribution. The
implementation of containerized software enables the fast and
easy distribution of services from different providers, since
most of all computer systems support runtime environments for
solutions such as Docker, Rocket or LXD and thus software
can also be used in heterogeneous systems independent of
platform and location.
The Development View illustrates the organization and
interaction of the individual modules in the overall system.
This module-based view makes it easy for users to integrate
specific individual services into extended service bundles. The
abstract design of semantic interfaces simplifies the integration
of new functions into the overall system. Each service must be
developed in such a way that it describes its ability, necessary
input for function fulfillment and expected output for other
services in a comprehensible way. The role of the integrator is
assumed by the platform management service (PMS).
3.2. Use case driven implementation
In the following, we give an example of a concrete solution
to illustrate the advantages of service-based consideration and
subdivision of an extensive business process enabled by our
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proposed architecture. The automated, service-based creation
of an internal or external maintenance order for a facility that
has failed in production serves as an implementation example.
Fig. 2 shows the elements involved. The process flow can be
seen in Figure 3. The focus is exclusively on the presentation
of communication routes and consecutive steps, not on the
definition of concrete data formats or exchange mechanisms
and is designed as follows: The automation system is
monitored by the condition monitoring service (CMS),
deviations and error states are detected without delay,
visualized via a dashboard component and immediately
forwarded to the maintenance management service (MMS) in
a semantically described manner. The core task of the MMS is
the aggregation of additional information from various data
sources that further describe the error which is uniquely
identified by an ID. Such metadata can be maintenance
guidelines or instructions, but also statistics on this specific
error. The collected data then serves the respective decision
maker, e.g. the maintenance manager, as an extended decision
basis for the internal or external allocation of the maintenance
order. If the plant can be serviced internally, the collected
information is transferred to the production planning service
(PPS). If maintenance is only viable by the equipment
manufacturer, the data package is forwarded and processed
there within the order management service. For the
implementation we use the event-based messaging protocol
WAMP. In addition to originally exchanged information,
remote procedure calls (RPCs) can be triggered that allow
loosely coupled services to initiate method calls at their
communication partners. This way information can be
requested and exchanged between the entities as required,
fulfilling high industrial security requirements. The automatic
creation of a service request enriched with important metadata
in the equipment manufacturers system is done in a few
seconds, depending on the approval response time of the
maintenance manager.
Service location also plays an important role in the case
described in this paper: Examples of services that are integrated
in the edge, close to equipment, are the CMS or the data
aggregation service (DAS), which is responsible for
aggregating and filtering information from the shop floor and
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Fig. 2. Service entities composing the service bundle automated maintenance
order.

helps keeping the data volume to be transported low. The
components of platform management and services like PPS or
MMS, on the other hand, are located at the MES or ERP level,
since there are fewer requirements regarding latencies or
reliability. Elements such as data analytics or predictive
maintenance are clearly to be found at the cloud level, as longterm evaluations based on extensive data records are the goal
here. In such a distributed architecture, each service offers its
own functionality and must be deliberately located in the
overall system, whereby communication aspects play an
important role for many applications. Latencies, failure
probabilities and possible consequences for productivity are
considered, making the location of components a central task.
3.3. Advantages concerning value creation
The proposed architecture for service composition addresses
the realization of potentials associated with industrial
digitalization. It fosters the establishment of platform
ecosystems that are a prerequisite for shifting from static to
dynamic, adaptive and context-dependent production and value
creation processes. These can be used within a single company,
but unfold their full potential especially by cooperative, transorganizational value creation in ad hoc or strategic corporate
networks. As shown by the examples of CMS and MMS, the
effectiveness and efficiency of processes and thus the
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Jonathan Fuchs et al. / Procedia CIRP 81 (2019) 541–546
Jonathan Fuchset al. / Procedia CIRP 00 (2019) 000–000

546
6

productivity can be increased by modular service
compositions. Furthermore, they have a significant influence
on the design of business models based on these processes.
For these reasons, the proposed architecture and the service
bundles generated in its context give a valuable contribution to
address market-sided trends, such as highly individual
customer demands, smart products and hybrid value creation.
Due to standardized integration and easy combination of
services of different providers in a platform solution, the
obstacles heterogeneity represents to trans-organizational value
creation are reduced.
4. Conclusion and Outlook
This research presents a holistic system architecture that
allows software-based industrial services to be composed into
value-adding service bundles. This is achieved by the
systematic mapping of components through micro services and
the use of a ubiquitous and lean message middleware. In
addition, the cross-company coupling of services in valueadding networks is addressed. The chosen example clearly
shows that fast and transparent provision of relevant data and
information is an important support for decision makers. Based
on the work described here, we will focus on the definition and
development of further industry-relevant service bundles based
on the method described in [27, 29] as well as on the integration
and interaction between platform solutions of different
providers. Examples of further service bundles are easy to
identify and range from initial operation activities for plants to
smart order management and quality optimization through
customer feedback loops during product life cycle.
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