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Abstract: The fourth industrial revolution is characterized by the introduction of the Internet of
things (IoT) and Internet of Services (IoS) concepts into manufacturing, which enables smart factories
with vertically and horizontally integrated production systems. The main driver is technology,
as Industry 4.0 is a collective term for technologies and concepts of value chain organization.
Digital manufacturing platforms play an increasing role in dealing with competitive pressures and
incorporating new technologies, applications, and services. Motivated by the difficulties to understand
and adopt Industry 4.0 and the momentum that the topic has currently, this paper reviews the concepts
and approaches related to digital manufacturing platforms from different perspectives: IoT platforms,
digital manufacturing platforms, digital platforms as ecosystems, digital platforms from research and
development perspective, and digital platform from industrial equipment suppliers.
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1. Introduction

The Industry 4.0 concept has gained a global context beyond the German Industrie 4.0 initiative
and suggests a perspective of the fourth industrial revolution that brings ICT (Information and
Communication Technologies) into manufacturing that aims at the development of smart factories
with fully integrated production systems. Among the different Industry 4.0 definitions, there is a
common understanding that Cyber-Physical Systems (CPS), Internet of Things (IoT), Big Data Analytics,
and Internet of Services (IoS) are the main components that embody Industry 4.0 [1,2]. Besides the
technological perspective, Industry 4.0 can be understood as a collective term for technologies and
concepts of value chain organization [3]. As a result, in industries worldwide, highly flexible processes
that can be changed quickly enable individualized mass production [4].

Within modularly structured Smart Factories, Cyber Physical Systems (CPS) monitor physical
processes, create a virtual representation of the physical world, and make decisions. The traditional
structure of the automation pyramid and the IT/OT (Information Technologies/Operational
Technologies) frontiers are blurring, CPS enable new means of communication and cooperation
among devices, production assets and information systems in an orchestrated and decentralized way
in real time. Via the Internet of Services (IoS), both internal and cross organizational services are offered
and used by stakeholders of the value chain.

Different countries and regions have designed their own programs to achieve this fourth revolution.
For example, the German government and the European Union (EU) promote the Industry 4.0
program [5], while in the United States, the Smart Manufacturing Leadership Coalition (SMLC) is the
main initiative [6]. Other important manufacturing countries such as Japan [7] and Korea [8] have also
established national programs on smart manufacturing.
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Economic expectations are also important, as PwC estimated a global investment in technologies
for industry digitization in 2020 of more than $900 billion annually. It also reported that 72% of the
companies that took part in the survey expected to have achieved “advanced levels of digitization” by
2020 [9]. There is a growing awareness in business communities regarding the market opportunity for
platform suppliers based on the level of investment.

Focusing on Europe, in 2016, the European Commission started the Digitizing European Industry
initiative (DEI) aimed to reinforce the EU’s competitiveness in digital technologies. The European
Commission strategy defines four pillars: Digital Innovation Hubs, regulatory framework, skills, and
Digital Platforms [10]. The EU has launched several calls in the Horizon 2020 program to advance
in the development of digital industrial platforms like DT-ICT-07 2018–2019 and 2019–2020 with a
budget over €100 M. Digital platforms for manufacturing play a key role in addressing competitive
pressures and integrating new technologies, apps and services. The challenge is to make full use of new
technologies that enable manufacturing businesses, particularly mid-caps and small and medium-sized
enterprises (SMEs) to meet the requirements of evolving supply and value chains. Besides innovation
and research actions there are also coordination and support Activities in order to cross-fertilize the
industrial platform communities, facilitating the adoption of digital technologies from ongoing and
past research projects to real-world use cases and encouraging the transfer of skills and know-how
between industry and academia.

The first steps towards the digitization of the European industry were made in 2013 by an Industry
4.0 working group that published a report [5], which provided the vision, the integration features, the
priority areas for action, and the example applications for the fourth industrial revolution. Nevertheless,
there are still problems for its correct implementation and Industry 4.0 is tackling adoption issues
argued by the literature, such as that Industry 4.0 is a complex concept which is not clearly understood
yet by companies’ managers, the lack of a detailed roadmap, the need of strategic guidance and
clear implementation details, the large IT investments required in order to achieve a vertical and
horizontal integration, the uncertainty about the outcomes, and the maturity and capability of the
companies [11–15].

The digital manufacturing platform scenario is complex and uncertain, as the main players and
roles are still being shaped. Trying to foresee market scenarios, in December 2016. The Economist
compared two platforms, the General Electric (GE) Predix and Siemens Mindsphere in order to evaluate
the likelihood of finally dominating the industrial Internet. It found that it is unlikely that a single
platform will reach complete dominance and highlighted the significance of an open strategy [16].

Motivated by the difficulties to understand and adopt Industry 4.0 and the momentum that the
topic has currently, this paper reviews the concepts and approaches related to digital manufacturing
platforms from a qualitative research methodology considering the period of the last five years, when it
all started. The structure of the paper contains an introduction, the followed methodology, the results
of the research classified in subsections as explained in the methodology, a conclusion section that
states from a qualitative perspective the outcome of the review work, and the references.

The relevance and contribution of the paper relies to a great extent in the proposed review
methodology approach that follows the view and motivation of a research organization specialized
in manufacturing technologies and digital platforms that is part of a machine tool builder industrial
group. Thus, the whole lifecycle of research, knowledge transfer to industry, funding sources and ROI
(Return on Investment) for industrial partners are present in the rationale of the methodology.

The findings of the research work show the broad and complex scope of digital manufacturing
platforms following the motivation and view of the authors. The relationship between private
(IoT platform vendors, manufacturing equipment suppliers, and machine tool builders) and public
stakeholders (European Commission, Public Private Partnerships, etc.) in the strategy of digitizing the
European industry contributes to build a global vision towards addressing future challenges posed by
the need to create new business models based on data economy and the growth of digital ecosystems
fostered by digital manufacturing platforms.
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2. Literature Review

The current concept of a digital manufacturing platform has had an evolution since its roots in the
sixties when the concept of manufacturing systems came up with advances in computing capability.
Since then, it has attracted the attention of researchers who reported their findings in the literature
from different perspectives and viewpoints in the past years. This section will review this evolution
covering the different terms, names, and features related with digital manufacturing platforms.

Chryssolouris et al. [17] describe the scope of digital manufacturing and show the evolution of
information technology systems in manufacturing, outlining their characteristics and future trends.
Digital manufacturing and digital factory concepts in the pre-industry 4.0 era focus mainly on PLM
(Product Lifecycle Management) technologies as computer-aided design, engineering, process, product
data and life-cycle management, simulation and virtual reality, process control, shop floor scheduling,
decision support, decision making, manufacturing resource planning, enterprise resource planning,
logistics, supply chain management, and e-commerce systems.

As results of digitization advancement, manufacturing system controls have to deal with materials
and machines and integration issues that started to come up in manufacturing, as machines and devices
in a manufacturing process were no longer isolated but parts of a system, where all the components
could be effectively coordinated. To handle integration issues, computer-integrated manufacturing
system (CIMS) are starting to be widely adopted by companies. In this context Chen et al. [18] study
the perspectives and enablers of integrated and intelligent manufacturing. Increasing opportunities
were opened by Internet of Things (IoT) and CPS technologies, which enabled integration to be made
wider and more open, comprising three levels of integration in manufacturing—vertical integration,
horizontal integration, and end-to-end integration [5].

According to Chen et al. [18] intelligent manufacturing platforms are the enablers to implement
intelligent manufacturing technologies. The point of view of industries that are preparing to
develop cloud computing platforms based on IoT motivated by business is explained. Predix [19],
ThingWorx [20], and Siemens [21] software platforms are described as the main references by the
authors. In addition, the authors remark that “digital twins” are a significant feature of all such
platforms to allow for the prediction of future conditions of productive assets.

Alcácer et al. [22] show an approach of Industry 4.0 for manufacturing systems based on the
Smart Factory concept. There is a clear focus on enabling technologies for Smart Factory, such as IoT,
IoS, systems integration, and the Cyber-Physical Production System (CPPS). The presented Smart
Factory concept relies heavily on distributed computing as a core concept of Industry 4.0, as opposed
to the most common manufacturing environments that are centralized. Authors explain the connection
between technologies and standards with the role of RAMI 4.0 and its importance in leading the growth
of CPPS [23].

Zhong et al. [24] present a review of intelligent manufacturing in the context of Industry 4.0.
The authors present the major advances in manufacturing technologies as intelligent manufacturing,
IoT enabled manufacturing, and cloud manufacturing. They define intelligent manufacturing (also
known as smart manufacturing) as a broad concept of manufacturing, with the purpose of optimizing
production and product transactions by making full use of advanced information and manufacturing
technologies [25]. Intelligent manufacturing system (IMS) are considered to be the next-generation
manufacturing system by adopting new models, new forms, and new methodologies to transform
the traditional manufacturing system into a smart system. Authors remark the importance of
service-oriented architecture (SOA) via the Internet to that end, providing collaborative, customizable,
flexible, and reconfigurable services to end-users. Moreover, the authors highlight the essential role of
AI (Artificial Intelligence) in an IMS by providing features such as learning, reasoning, and acting in a
human-machine cooperation context. IMS shape an ecosystem where manufacturing elements are
involved with organizational, managerial, and technical implications.

Another technological aspect is cloud manufacturing [26] that refers to an advanced manufacturing
model under the support of cloud computing, IoT, virtualization, and service-oriented technologies.
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It covers the extended whole life cycle of a product, from its design, simulation, manufacturing, testing,
and maintenance, aiming to provide on-demand manufacturing services can from the cloud.

De Reuver eta al. [27] approach the study of digital platforms and examine the ecosystems that
surround them. The authors state that digital platforms have a transformative and disruptive impact
on organizations and their business models to the extent that platforms change the power structure
and the relationship between participants in the ecosystem. The way service providers and device
manufacturers strategize in a platform environment is discussed based on prior ecosystemic thinking
work [28], taking into account that organizations are not isolated anymore, and value is co-created and
co-delivered by multiple contributing entities.

3. Methodology

The present research work follows a qualitative approach focusing on the broad concept of
the digital manufacturing platform from the perspective of a research organization specialized in
manufacturing technologies and digital platforms that is part of a machine tool builder industrial
group. Thus, research and industry views are included in the review paper as they complement each
other to reach research and business goals.

In order to cover the technological perspective, the first step was to understand which were
the technology enablers that make possible the development of digital manufacturing platforms.
The essential features of an IoT platform were well known considering the authors’ background and
the search was focused on the major IT (Information Technology) players that provide application
enablement platforms for horizontal domains covering connectivity, data acquisition, data storage,
device monitoring, data analysis, and data visualization capabilities. As the scientific literature in
this field is not extensive so far, the data sources were mainly IT vendors’ web sources and white
papers combined with benchmarking articles among different solutions. Small and niche IoT platform
vendors were also included in the search and additional sources, such as the Hannover Messe Fair
from 2015 to 2018, were considered as well. The next step of the review method was to focus and
search for manufacturing domain platforms and specifically the concept of digital manufacturing
platforms. The sources were both research papers and documents from the European Commission, as
the influence of policy making with the DEI (Digitization of the European Industry) strategy has had
a remarkable impact in the reviewed topic. Following the impact, the next stage was to obtain the
research initiatives and the main outcomes of the DEI regarding digital manufacturing platforms. In this
case the main information sources were web sources containing European Commission documents
and European research projects. The research and search was focused on the European Research and
Innovation calls under the Horizon 2020 programs related to digital manufacturing. The last stage of
the method was to include the strategy and approach carried out by industrial equipment suppliers
and machine tool builders. The data sources used for that purpose were based on a competitive
intelligence tool, INNGUMMA (Elgoibar, Spain), that allows to identify and monitor competitors
under specific observation parameters.

4. Results

4.1. IoT Platforms

An IoT platform is a middleware between the IoT devices and IoT gateways on one hand and
applications on the other hand. The IoT platform enables the building of applications and are also
called Application Enablement Platforms or AEPs. The essential features and capabilities of an
IoT platform are on the level of connectivity and network management, device management, data
acquisition, security, event processing, monitoring, analysis, visualization, integration, storage, and
application enablement.

There are several vendors with different architectures, ways of connecting and managing IoT
devices, possibilities to manage and analyze data, capabilities to build applications, and options
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to leverage IoT in a meaningful way for any given IoT use case in any given context—consumer
applications, enterprise IoT applications, and Industrial IoT or Industry 4.0. In the end, IoT is part of
an integrated approach to leverage data from devices and assets. There are hundreds of players in the
market and although the IoT platforms have many functions in common there are differences in the
offerings with sometimes very different features [28].

The main players in the IoT platform market are:
Microsoft Azure IoT [29]: The Microsoft Azure IoT offers device monitoring, rules engine, device

shadowing, and identity registry. Upon these basic services, Azure IoT incorporates several existing
products such as Stream Analytics, Power BI, IoT Hub, notifications hub, and some pre-packed machine
learning. In addition, Azure Digital Twins allows to create digital models of any physical environment;
including places, things, and people.

Oracle Internet of Things (IoT) Cloud Service [30] is a managed Platform as a Service (PaaS)
cloud-based offering that allows to connect devices to the cloud, analyze data from those devices in
real time, and integrate data with enterprise applications, web services, or with other Oracle Cloud
Services, such as Oracle Business Intelligence Cloud Service.

Google Cloud IoT Core [31]: Google Cloud IoT Core is a fully manageable IoT platform. This
platform is labeled as a major rival against the other similar platforms, since it mainly concentrates
on intelligence. To achieve this intelligence, it utilizes ad-hoc queries using Google Big Query and
Cloud Functions workflows. Thus, the devices can automate changes based on real-time events, data
visualizations are done using Google Data Studio, and machine learning is done with Cloud Machine
Learning Engine.

IBM Watson IoT [32]: This cloud IoT platform enables users to connect their devices and
the IoT device data into a repository from where this cloud IoT helps them gain insight into an
IoT network to not just improve their operations, but also launch various new business models.
The users of this cloud platform receive real-time data exchange, data storage, device management,
and secure communications.

AWS IoT Core [33]: This cloud IoT platform helps turn cars, sensory grids, and turbines to “smart”
objects by helping in connecting and managing the sensors on these objects. The AWS IoT Core
provides a secure device gateway, device shadows, device SDK, a registry for recognizing the different
devices, a message broker, and rules engine that would evaluate the inbound messages.

Bosch IoT Suite [34]: This cloud platform is one with services designed to meet the requirements of
every IoT project. The platform was initially designed and built to provide the IoT solution developers
flexibility and ease to perform their daily tasks.

Above the mentioned IoT platforms there are large generic IoT cloud platforms from vendors
such as IBM, Google, Amazon, Microsoft, and more. The so-called IoT network providers’ platforms,
such as AT&T and Orange Business Services, as well as Telefónica or Vodafone are another category of
IoT platforms.

4.2. Digital Manufacturing Platforms

In the early stages of the digitization of the industry there were Remote Machine Monitoring
systems (RMMS) that are machine manufacturer software products designed to allow their clients to
monitor their shop floor equipment [35]. DMG Mori Seiki has been a pioneer with an RMMS solution
called Mori Net that allowed customers to monitor their DMG Mori Seiki machines over a local network
or the Internet. For non DMG MORI machines they developed a solution named Messenger that is
based on MTConnect, a standard for accessing machine tool data [36,37].

The advent of the Internet of Things in the industry sector pushed the adoption of sensor-based
information collection to address their key problems related primarily to machine downtimes and
process delays. This way, machine monitoring evolves towards condition monitoring, which is the
practice of monitoring electrical equipment, usually with external sensors, in order to gather the
required data for diagnosis. To achieve this goal, data acquisition systems and data loggers are used to
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monitor all kinds of industrial equipment and devices. A 2017 Research & Markets magazine study
provides that the market for condition monitoring is almost $11 billion for factories and OEMs. Dell,
Caterpillar, Microsoft, IBM, General Electric, and Siemens, among others, are industry leaders named
in the study.

Besides condition monitoring, more types of services and requirements, such as preventive
maintenance, runtime and uptime measurement, energy monitoring or performance tracking are
coming up and as results Digital Manufacturing platforms are being shaped to cover a broader scope.

In this broader scope, the European Factories of the Future Research Association (EFFRA) that
is a non-for-profit, industry-driven association is performing an important role in the digitization
of manufacturing industry and digital manufacturing platforms. As an example of the activity
under EFFRA’s umbrella, the “Connected Factories” CSA (Coordination and Support Action)
establishes a structured overview of available and upcoming technological approaches and best
practices [38]. The project identifies present and future needs, as well as challenges, of the manufacturing
industries. The digitization of manufacturing connects people, devices, machines and enterprises, and
includes concepts such as ‘Industrial Internet’, ‘digital manufacturing platforms’, and the ‘Internet
of Things’ (IoT). Moreover, the Connected Factories explores pathways to the digital integration and
interoperability of manufacturing systems and processes and the benefits this will bring. Hence,
Connected Factories will enhance the awareness among companies of the use of digital technologies
in the manufacturing sector, but also provide them with expertise to make informed choices about
technology and business models. Connected Factories will improve companies’ understanding of the
use of digital techniques in the manufacturing industry, and also provide them with expertise to make
informed technology and company model decisions.

Digital manufacturing platforms allow the provision of manufacturing services in a broad
sense [39]. Digital platforms provide services that can be used for data collection, storage, processing,
and delivery. These data describe the whole context which includes the product that is being
manufactured, the manufacturing process, the production assets, the worker, and the entire value
network. In general, the digital platform for manufacturing can provide any “digital” extension of
functionalities for physical assets, through the adoption of ICT technologies. Digital platforms play
a crucial role in enabling the application scenarios of digital manufacturing [40]. All services are
aimed at optimizing manufacturing from different perspectives such as efficiency, availability, quality,
performance, flexibility, etc.

Digital platforms can be on premise, in the cloud or in a hybrid architecture. Nevertheless, the
thrust into a productive environment includes the need for agreements on industrial communication
interfaces and protocols, common data models, semantic models and the interoperability of data.
RAMI 4.0 is a framework that will help accomplish this task [41]. RAMI 4.0 is a three-dimensional
layer model that compares the life cycles of products, factories, machinery or orders with the hierarchy
levels of Industry 4.0. The model divides existing standards into manageable parts, integrates different
user perspectives, and provides a common understanding of Industry 4.0 technologies, standards, and
use cases.

Digital Platforms as Ecosystems

A digital manufacturing platform is part of a layered architecture that integrates a set of functions
or software services that can be implemented by different technologies using interfaces and making
the data available to be consumed by third party applications [39]. For example, a platform could
make available operational state and machining process data provided by a machine tool to be used
in business intelligence applications that provide production or OEE (overall equipment efficiency)
insights. Platforms can be understood as operating systems that offer a set of applications as
services. These services make shop floor data (machines, products, operators, . . . ) accessible to other
software applications (production planning, operation and process, quality management, maintenance,
troubleshooting, energy management, etc.). The services usually will be exposed using IT flavor open
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standard interfaces, such as API Rest or OT standards such as OPC-UA. This way, an ecosystem of
application developers can be fostered.

The digital manufacturing platform includes three characteristics. First, the community aspect that
embodies an ecosystem of users in a social network connected to each other. In this community there is
a marketplace where the offer and the demand can be matched. Some users are service providers, their
raw material is data, and the offered product is usually a software app as a value-added data-driven
service. The value creation relies on a solid technology infrastructure and this is the second aspect.
The infrastructure aspect of the digital manufacturing platform is the enabler for users and partners
to develop apps and create value added data-driven services. The ability to develop and deploy
software apps in the platform is a core issue in order to develop a growing ecosystem of data-driven
service consumers and producers. The infrastructure is the basic layer to boost the digital economy in
manufacturing and to do so it is mandatory to be an open infrastructure that is able to integrate and
unlock technologies and systems. The last aspect is the data role. Data is the raw material of digital
manufacturing platforms provided by enterprise management systems, industrial assets, devices, and
sensors and has to be exchanged, accessed, and processed in a proper way. The outcome of the process
will be produced and consumed by allowed platform users.

Moreover, the ecosystem of digital manufacturing platforms is composed by four types of players.
These are the owners of platforms in charge of the governance, the providers who are the interface
with users, the producers who create their offerings, and consumers.

As the perception of date value is gaining importance in the global value creation, IDS (international
data spaces) is devoted to forming the basis for data ecosystems and market places based on the
principles of trust and data-sovereignty, which is guaranteed for data creators with respect to who is
using their data, for how long, for which application, how many times, and according to which terms
and conditions [42].

4.3. Digital Platforms from R&D Perspective

Digital manufacturing platform related initiatives have been fostered by Public-Private
Partnerships (PPPs) at European level. Factories of the Future (FoF) (discrete manufacturing)
and Sustainable Process Industry through Resource and Energy Efficiency (SPIRE) PPP (industrial
processing) are two PPPs that explicitly address manufacturing/production [43].

Under the FoF PPP, a set of ten projects and one coordination and support action, called “Connected
Factories” were started in autumn 2016 that develop reference implementations of platforms in a
multi-sided market ecosystem and include user-driven proof-of-concept demonstrations and validation
in several different scenarios [40]. The Connected Factories project was launched in the same call as the
Factories of the Future FoF-11-2016 research and innovation projects, where six of them were focusing
on digital platforms for factory automation (AUROWARE, DISRUPT, DAEDALUS, FAREDGE, SAFIRE
and scalABLE4.0) and four projects were focusing on supply chain and logistics (COMPOSITION,
DIGICOR, NIMBLE, vf-OS).

The digital manufacturing platform concept in its wider scope covers whole RAMI space and the
mentioned projects fill different gaps within the reference architecture proving a set of building blocks
for that purpose. With this complementary and incremental build up strategy, there are three other
relevant projects (Industrial Data Space, ARROWHEAD, and Productive 4.0). Figure 1 shows the place
that each project fills in the two-dimensional cross-section table of the RAMI 4.0 framework.
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In addition, DT-ICT-07 2018, the H2020 ICT call focused on Digital Manufacturing Platforms for
Connected Smart Factories began three projects in January 2019 aimed to develop orchestrated open
platforms ecosystem, atomized components, and digital enablers to meet the Industry 4.0 ZDM and
lot-size-1 challenges.

4.4. Digital Platform from Industrial Equipment Suppliers

In addition to the efforts by leading IT vendors, industrial conglomerates (Siemens, GE,
etc.), and the R&D initiatives, machine tool builders aim to transform their businesses digitally.
For instance, by making use of data deriving from the machine tools they build, they develop
predictive and prescriptive solutions for customers, improving machining performance, health and
safety, energy-efficiency, business domain integration and so on. Their offer includes HMI software,
production management software, machine and shop floor monitoring software, technical assistance
software, etc. Usually, technology consultancy services with a global offer are necessary to be able to
define the solution with the client. Therefore, industrial equipment suppliers are partnering with IT
and consultancy companies.

Leading machine tool builders are investing more and more in digital platforms to provide a
comprehensive solution to their customers:

DMG Mori [44] is a pioneer when it comes to digitization in machine tool construction. Under
the key phrase “Integrated Digitization”, DMG Mori with CELOS [45] is realizing a consistent
strategy—starting with CELOS Machine, via CELOS Manufacturing up to the Digital Factory. DMG
Mori started with CELOS, an operating and control system based on applications. Supported in
ADAMOS [46], CELOS can become an open network and a digital market for the machine construction
industry. ADAMOS relies on Microsoft Azure infrastructure.

Homag [47] machines have been connected to the plant level for a long time, they even have their
own MES system. They started with their own digital platform that connected them to the cloud. Now,
it is an open platform (Tapio) integrated in ADAMOS. The HomagGroup offers its customers solutions
for digitized production with a complete software platform. They offer many services in the field of
machines and production facilities, in addition to the corresponding control software.

Trumpf [48]: Stands for the digital business model supported in Truconnect as a smart factory
platform that includes a comprehensive portfolio of consultancy, software and hardware resources.
Axoom [49] provides a cloud monitoring platform for Trumpf machines but it is not exclusive
to competitors.
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Bosch [50]: Bosch Connected Industry bundles software and services for Industry 4.0 in a
comprehensive portfolio called Nexeed.

Siemens [51]: Mindsphere is the cloud-based, open IoT operating system from Siemens that
connects products, plants, systems, and machines, enabling you to harness the wealth of data generated
by the Internet of Things (IoT) with advanced analytics. Mindsphere runs on top of Microsoft Azure or
AWS infrastructures.

Fanuc [52]: FIELD (FANUC Intelligent Edge Link & Drive system) is the FANUC’s open platform
system that gives machine tool builders, robot manufacturers, and sensor and peripheral device
manufacturers the freedom to develop their own applications. The target of the FIELD system connects
each device within a factory, but also allows the flexibility to connect to upper host systems, such as
ERP (Enterprise Resource Planning), SCM (Supply Chain Management) and MES (Manufacturing
Execution Systems).

Schaeffler [53]: Schaeffler focuses its products in the digital world. Schaeffler has incorporated
sensors, actuators, and control units with embedded software into these products. As a result, it is
possible for these parts to collect and process valuable data on the condition of a machine and then
convert this data into added-value services. With IBM as strategic partner, Schaeffler provides a digital
platform for processing large amounts of data, generating valuable insight to transform operations.
The Schaeffler cloud is a platform for end users to securely and reliably access data from their machines
and equipment.

5. Conclusions

The review paper shows the concept and scope of digital manufacturing platforms from different
perspectives combining technology and policy making, industry, and academia and the stakeholders
that are involved on them as ecosystem.

The development of digital manufacturing platforms is in an early stage but supported in
a mature IoT ground. Due to the broad scope of the concept, it has required the definition and
development of a reference implementation, RAMI 4.0. In the current platform building context, it is
not a matter of making choices for platform adopters but planning an incremental roadmap towards
digital transformation. In this sense, the openness of the technological architecture is a must where
state-of-the-art technologies regarding IoT, Artificial Intelligence, robotics, cloud or Big Data will be
reused and integrated with interfaces described via open specifications. Platforms should aim for
openness, avoiding lock-ins, preventing dominant positions of individual players, and compliance
with standards and regulation.

Moreover, the openness of the digital manufacturing platform is a major issue as an enabler of
digital ecosystems to become an AEP (application enablement platform).

It is remarkable that the role of the major IaaS (Infrastructure as a Service) providers is becoming
more and more vertical or domain-oriented. The role of big players, such as Amazon or Microsoft,
has been the provision of IoT and IT infrastructures with pay-per-use business models so far.
Nowadays, these players are moving towards PaaS (Platform as a Service) services in manufacturing.
This movement is being carried out accompanied by reference OEMs of prioritized industrial sectors.

In spite of the relevant advances achieved so far, there is still a lot to do in order to connect
to additional services according to the ‘plug-and-play’ philosophy and considering the multi-sided
ecosystem of service providers, platform providers and manufacturing companies, mechanisms for
the commercial or open-source provision of the digital services through appropriate marketplaces,
modularity of existing or in-development platforms of covering different “regions” of the RAMI
framework, legacy system integration, overcoming semantic barriers, considering requirements of
specific manufacturing sectors (process industry, consumer goods, capital equipment, etc.), etc.

The benefits of the fourth industrial revolution must be monetized for companies, to the extent
that technology advances become reality. The definition and support of new business models based on
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data will be the next big challenge in relation to digital platforms. All these issues outline future work
in digital manufacturing platforms.
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