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Abstract 
This deliverable presents the updated version of the DIH2 Digital Platform. It includes the updated references to 
the standards that are driving the evolution of the platform and the evolved design of the digital platform 
architecture and its reference open implementation.  The document also reports on the experience gained and 
lessons learned from the first round of TTEs as well as on the actions taken and new guidelines elaborated for 
the second round of TTEs.  
 
Regarding the ROSE-APs, the ROSE-APs developed in the first round of experiments have been published in 
https://github.com/ramp-eu/ . The deliverable D5.2 “DIH2 ROSE-APs 1.0” elaborates a bit more on the concept 
and contributions of each ROSE-AP and readers interested in the detailed documentation of each ROSE-AP are 
invited to visit the official documentation of each ROSE-AP repository. The second round of experiments will 
contribute a new collection of ROSE-APs to this catalog. 
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EXECUTIVE SUMMARY 

This deliverable contributes an updated description of the DIH2 Digital Platform and its integration guidelines. The 
update is mainly based on the experience gained during the different stages of the first round of the Technology 
Transfer Program (TTP) and its main objective is to facilitate the work of the experiments selected for the second 
round. To this end, the first section of the document contributes a glossary of terms that aims to facilitate and give 
greater consistency to communications and interactions related to the digital platform from now on. The second 
section introduces and relates the reference architectures on which the DIH2 digital platform design builds while 
the third section focuses on the actual description of the current DIH2 architectural framework. The fourth section 
elaborates on the role and aspects of the RAMP platform, which is a digital environment that, from the perspective 
of the DIH2 digital platform, can be considered a platform-as-a-service offering that facilitates the development of 
robotics-based solutions to specific agile production problems. The last section includes the highlights and 
concluding remarks of this report. 
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1 INTRODUCTION 
The main purpose of the DIH2 Digital Platform is to contribute a set of integrated services, applications, and 
guidelines for the development of agile robotics-based solutions in manufacturing SMEs. The Digital Platform 
design is continuously evolving to include the lessons learned and best practices identified in the Technology 
Transfer Program and this document captures the state of the digital platform design at the conclusion of the first 
round of experiments.  

Other significant driver of the digital platform updates is the continuous evolution of Smart Industry reference 
architectures which are more and more considering the construction and maintenance of a powerful factory 
virtualization as an essential means to: 

• Integrate heterogeneous data coming from diverse IT systems and Cyber-Physical Assets 
• Analyze and extract the relevant information that can be derived from the integrated data flows 
• Predict and simulate relevant situations to make faster and more informed decisions  
• Optimize the behavior of control systems and field devices to minimize the human resources dedicated to 

risky, unhealthy and/or non-added value tasks 

The term Digital Twin has long been used to refer to such highly complex virtualizations. While initially and for a 
long period this term was overused and confused, the degree of definition and concreteness of the digital twin 
concept is much higher today and contributes a powerful conceptual and technical framework for designing the 
digital platforms of the future. Thus, the current version of the DIH2 digital platform builds on these refined digital 
twin concepts with the aim of facilitating the design and implementation of smart robotic solutions to agile 
production problems. That is, every smart robotics solution which builds on the DIH2 Digital platform implements 
a digital twin system which offers a collection of services and interfaces communicate and create synergies 
between three main environments:  

Cyber-Physical Production Environment 

In the DIH2 scenarios, the Cyber-Physical Production Environment is associated with a physical work center. This 
environment includes i) the IT System infrastructure and personnel in the work center; ii) the control units, industrial 
robotics systems, sensors, automation machines and peripherals deployed in the shop floor; and iii) the local data 
(informational and operational/real-time data) which must flow between multiple endpoints of the work center to 
support the transportations and physical transformations of raw materials and intermediate goods into products.  

Virtual Environment  

The Virtual Environment is a complex virtual representation of the cyber-physical production environment. The 
different parts of this virtual representation are mainly characterized by the fidelity with which they reflect reality 
and their update frequency to keep in sync with real world situations. In practice, this virtual environment is 
implemented by digital twin systems which consist of two main parts: i) the digital twin platform, which is the 
common underlying core of every digital twin system and ii) a stack of use case oriented applications, which are 
reusable software applications that leverage the services and interfaces offered by the digital platform. In turn, we 
will refer to the logical space that enables interoperability between the parts and components of a digital twin 
system as the digital twin data plane. This plane consists of the multiple data representations of the digital twin 
system and their interfaces. It is important to mention that despite much of this data plane is structured and has 
standardized interfaces, in practice, each digital twin system needs some tailored data structures and interfaces 
to optimize its performance for custom applications and/or use cases. As long as they do not compromise 
performance, the reusability, scalability, and cost of a digital twin system are main factors to determine the right 
composition of structured/standardized and unstructured/customized parts. There is no universal formula or 
design pattern that is optimal for all use cases. 
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Users and Connected Systems 

This environment includes the services and interfaces offered to users and/or external systems which aim to 
interact with the digital twin system. It makes no sense to give an exhaustive list of user profiles or system types 
related to digital twin use cases. There can be a digital twin use case for every role in the workplace and throughout 
the supply chain. Similarly, digital twin use cases can include as external elements any system from sensors and 
field devices to the most complex simulation, analysis, and data processing environments in the cloud. 

The image below (Figure 1) provides a context diagram which is intended to summarize and help understand the 
main ideas underpinning the technical design of the DIH2 digital platform. The diagram integrates the 
aforementioned environments in a top-level view of the proposed digital platform architecture.  

• Level 0: The Cyber-Physical Production Environment, which is associated with a physical work center and the 
assets it includes. That is, in the vision described the cyber-physical environment includes i) the IT System 
infrastructure and personnel in the work center; ii) the control units, industrial robotics systems, sensors, 
automation machines and peripherals deployed in the shop floor; and iii) the local data (IT and real-time) 
that must flow between multiple endpoints of the work center to transport as well as to physically transform 
raw materials and intermediate goods into products.  

• Level 1: The Digital Twin System, which implements a virtualization that augments the cyber-physical 
environment by i) creating and maintaining a collection of interoperable digital twins and ii) enabling a set 
of microservices (e.g., modelling tools, 3D simulations, M.L/A.I. applications, data historians…) which deliver 
value to the assets in the physical environment through operations on the digital twin data.  

• Level 2: The Digital twin Services and Interfaces offered to human actors and systems that may operate in the 
work center or anywhere in the Connected World via the internet. That is, the third level consists of i) the 
collection of user interfaces, No/Low Code Applications and APIs aimed at allowing either the personnel or 
existing systems in work center to speed up their processes while preserving their quality and ii) the digital 
twin services and interfaces enabling effective and secure data exchange between remote work center 
and/or across organizations 
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Figure 1. Top Level View of the DIH2 approach to implement Agile Production Environments. 
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2 REFERENCES FROM INDUSTRIE 4.0 AND DIGITAL TWIN INNOVATIONS 
Industrie 4.0, RAMI 4.0 and Asset Administration Shell 

Industrie 4.0 is the reference European Framework for factories 
which aim to achieve the intelligent networking of industrial 
machines and processes through ICT-intensive environments. 
In Industrie 4.0, RAMI4.0 is the reference architecture model1 
and the Asset Administration Shell (AAS) is the framework that 
aims to determine common interfaces for industrial assets2. 
Ideally, every asset exists in an Industrie 4.0 compliant 
environment through its AAS and has the possibility to interact 
with others by exploiting standardized I4.0 interfaces.  

The RAMI4.0 model provides a holistic view of the different 
assets in industrial domains, connecting the traditional 
hierarchy of equipment and ICTS, with the product design and realization phases and with the different concerns 
or aspects that condition data-centric interoperability. It also contributes a large framework of standards and 
technology recommendations, being the standards IEC 62890//62264//61512 and different OPC UA specifications 
particularly relevant. In turn, the AAS framework is continuously evolving and gradually publishing specifications 
for the interfaces and component integration models that I4.0 components need to put principles and concepts of 
RAMI 4.0 in practice. Main targets identified for these interfaces and components are related to the following 
industrial use cases: flexible production, convertible factories, customer-oriented solutions, optimized logistics, data-
centric interoperability, and resource-efficient circular economy3.  

Emerging DTC Architecture and Digital Twin Glossary 

The Digital Twin Consortium (DTC) is a global ecosystem which participants and stakeholders from the industry, 
government, and academia aim to accelerate the development, adoption, interoperability, and security of digital 
twins and their enabling technologies. The main goal of the DTC is to demonstrate the value of digital twin 
technologies and to guide positive business outcomes for digital twin end users. The innovation activities within 
the DTC mainly pursue the achievement of a consistent architecture, effective design methods, open-source 
collaborations, and development of best practices. The DTC Digital Twin Glossary4 is an interesting starting point 
to get familiar with the base terminology for digital twins and the main concepts which are driving the evolution of 
this ecosystem. 

Although it has its first draft of the DTC reference architecture has been released5, it is still in a very early stage. 
However, for the purpose of this document the DTC vision already contributes two important ideas. The first idea 
is to differentiate between stored representations and computational representations in a digital twin system (see 
Figure 3, left). The second one is to consider an integration representation and functions which are responsible for 
aggregating and/or federating information to a common digital twin system model (see Figure 3, right). 

 

1 https://www.plattform-i40.de/PI40/Redaktion/EN/Downloads/Publikation/rami40-an-introduction.html  
2 https://www.plattform-i40.de/IP/Redaktion/EN/Standardartikel/specification-administrationshell.html  
3 https://www.plattform-i40.de/IP/Navigation/EN/Industrie40/WhatIsIndustrie40/what-is-industrie40.html  
4 https://www.digitaltwinconsortium.org/glossary/glossary.html  
5 https://www.digitaltwinconsortium.org/glossary/glossary.html#data-modeling-in-digital-twin-systems  

Figure 2. Reference Architecture Model for 
Industrie 4.0 (RAMI4.0). 

https://www.plattform-i40.de/PI40/Redaktion/EN/Downloads/Publikation/rami40-an-introduction.html
https://www.plattform-i40.de/IP/Redaktion/EN/Standardartikel/specification-administrationshell.html
https://www.plattform-i40.de/IP/Navigation/EN/Industrie40/WhatIsIndustrie40/what-is-industrie40.html
https://www.digitaltwinconsortium.org/glossary/glossary.html
https://www.digitaltwinconsortium.org/glossary/glossary.html#data-modeling-in-digital-twin-systems


DIH2 Digital Platform 2.0 VTT-R-00324-20 
 

 

[824964] DIH² -- A Pan‐European Network of Robotics DIHs for Agile Production Page 11/24 

 
Figure 3. Two powerful ideas adopted in the DTC for digital twin representations and digital twin system integration. 

FIWARE Reference Architecture 

The FIWARE Reference Architecture is a model which aims to standardize and support developments of open 
digital twin platforms in compliance with existing industry architectures such as the Reference Architecture Model 
Industrie 4.0 (RAMI4.0), the emerging DTC Architecture, Industrial Data Space Reference Architecture, or the 
Industrial IoT Consortium Reference Architecture. Platforms, solutions, or any other software architecture building 
on this reference model are considered “powered by FIWARE”, which means that i) the core features they implement 
gravitate around the management of a common Digital Twin data representation of the real world and ii) NGSI is 
the main integration API for enabling digital twin data interoperability and warranting sovereignty on sensitive data.  

In the FIWARE reference model, the 
Digital Twin data representation is built 
based on information gathered from 
many different sources, not only including 
sensors, cameras, robots, and any other 
field device or controller in the deployed 
in the shop floor but also the information 
systems deployed on premises in the 
work center and external computing 
systems that may run in private, hybrid, 
and/or public clouds. While each of these 
systems may contain its own digital 
representation to serve its purpose, they all contribute to and benefit in some way from a common digital 
representation. In FIWARE, this common digital representation is implemented by an element called Context Broker 
and NGSI is the standard that defines the information model and APIs to support data interoperability. The context 
broker is the key element of the whole architecture for two main reasons: i) it enables and maintains the common 
digital twin representation through standard interfaces and ii) its powerful underlying technology allows developers 
to seamlessly implement the common data representation in any kind of deployment (see Figure 4). Readers 
interested in learning more about the FIWARE approach to digital twins and its vision for emerging data spaces 
can access them in two position papers6, 7 published by the FIWARE Foundation together with some relevant 
members of the FIWARE community. 

 

6 https://www.fiware.org/wp-content/uploads/FF_PositionPaper_FIWARE4DigitalTwins.pdf  
7 https://www.fiware.org/wp-content/uploads/FF_PositionPaper_FIWARE4DataSpaces.pdf  

Figure 4. Integration levels enabled by the Digital Twin representation. 

https://www.fiware.org/wp-content/uploads/FF_PositionPaper_FIWARE4DigitalTwins.pdf
https://www.fiware.org/wp-content/uploads/FF_PositionPaper_FIWARE4DataSpaces.pdf
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In the example below, an implementation of a FIWARE-based Digital Twin System is shown. In this case, the Digital 
Twin System corresponds to a vertical solution to a smart warehousing problem, and it can be identified how the 
three layers of the FIWARE reference architecture connect the cyber-physical environment with the application 
layer. The first layer includes agents and adapters that transform the data flows from technology specific 

connections into standardized NGSI 
flows which, from the digital twin 
perspective, are independent from 
the technology of the data source. 
The second layer is the context 
broker, and the third layer includes 
the additional subsystems of the 
digital twin and the data connectors 
that applications need to fulfil their 
purpose within the use case. 
FIWARE offers not only the open 
models and specifications but also 
a collection of ready-made open 
technology blocks (FIWARE Generic 
Enablers) to implement them8. 

 

8 https://github.com/FIWARE/catalogue  

Figure 5. FIWARE-based digital twin system for smart warehouses. 

https://github.com/FIWARE/catalogue
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3 THE DIH2 DIGITAL PLATFORM 
The design of the DIH2 Platform builds on the FIWARE Reference Model and makes it more specific to the specific 
needs and requirements of agile production projects9. The main goal of digital platforms which leverage the DIH2 

reference model is to implement digital twin systems which save unnecessary costs for both, technology providers 
and manufacturing companies, allowing them to focus on the differential value of these challenging projects. More 
specifically, the DIH2 reference model to provide a (Digital Twin based) common technology foundation for 
enabling:  

• Reusable functionalities for Digital twin systems which allow technology providers to offer powerful turn-
key solutions while minimizing the unnecessary costs of ad-hoc and/or from scratch developments.  

• Reusable functionalities for Digital twin systems which allow manufacturing companies to easily integrate, 
maintain, and make the most out of incremental improvements to their automation equipment and ICT 
infrastructures. 

The purpose of this section is to elaborate on the DIH2 approach to realize these objectives through the digital 
platform. To understand and implement this approach, three main design aspects shall be considered: 

1. The DIH2 Approach to Agile Production Context Description and Solution Requirements Specification 
2. The DIH2 Digital Platform Architecture and its Standard Building Blocks 
3. The goal of DIH2 TTEs and the purpose of ROSE-AP developments  

Agile Production Context Description and Solution Requirements Specification  

Figure 6 describes the context of a turnkey solution to an Agile Production problem which adopts the DIH2 

approach. In it, three different environments can be identified (i.e., Manufacturing Company, Tech Provider, and 
Digital Platform environments). Note that the annotations included in different elements of the diagram are 
intended to highlight the key design aspects to be considered during the context description and solution 
requirements specification: 

• The essential context and requirements specification is set in R0 (Manufacturing Company Environment). 
The R0 requirements are defined by the manufacturing company and include its current ICT infrastructure, 
available equipment and personnel, and a set of improvement objectives for the processes and operations 
of the production cycle, phase or stage it intends to streamline. This description of objectives will be done 
through very concrete use cases which clearly define i) the role of the human actors in the production 
process, ii) the role and limitations of key assets from the current equipment and ICT infrastructure, and iii) 
the expected contributions of the solution to be designed along with a convenient list of KPIs. 

• Based on the requirements set by the manufacturing company, the tech provider must specify the 
requirements of the proposed solution (Tech provider environment). In traditional approaches to turnkey 
solution developments, this set of requirements can be structured in three different groups. On the one hand, 
each tech provider usually has its own portfolio of reusable tools and solutions which set the starting point 
for the new customer-oriented design (R1.2). On the other hand, there is the design specification for those 
new developments which aim to customize/extend the reusable features (R1.1 and R1.3). Since it is difficult 
for a tech provider's portfolio to include all the tools and systems needed to integrate and implement the 
targeted final applications, a series of challenging decisions must be made on whether to develop these 
new functionalities in house or to acquire them from another supplier. 

• On its turn, the digital platform environment emerges as a collaborative digital space in which both 
manufacturing companies and tech providers benefit from the reuse of ready-made technologies and 
common ICT infrastructures. The requirements specification for the platform, on the one hand, will include 
the requirements for the integration layers with the manufacturing company (R2.1) and tech provider (R2.3) 

 

9 In DIH2, the name given to this reference model for digital platforms in agile production domains is COPRA-AP. 
The term COPRA-AP stands for Common Open Platform Reference Architecture for Agile Production. 
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environments and, on the other hand, will define the specific building blocks and use cases of the digital 
platform which enables the targeted solution features (R2.2). 

 
Figure 6. Reference Architecture of the DIH2 Digital Platform. 

Digital Platform Architecture and Standard Building Blocks 

The reference architecture of the digital platform establishes a link between the manufacturing company and the 
tech provider environments. Each instance of the digital platform implements this link through an use case driven 
digital twin system (see Digital Twin definition) whose standard building blocks are grouped into four categories:  

- 1) IoT Agents, which are responsible for transforming protocol- and/or technology-specific communications 
(e.g., OPC UA, ROS, DDS) into NGSI communications and vice versa. Thus, within the platform, block-to-
block communications are based on a common, standardized language that enables data interoperability 
through a central integration element, the FIWARE Context Broker. 
 

- 2) FIWARE Context Broker, which is the main data integration component and only mandatory block in every 
instance of the DIH2 digital platform. The Context Broker enables the exchange of the current state of factory 
assets, products, and processes between platform blocks using the standard NGSI API. These states are 
encoded as Digital Entities in NGSI format, which means that the underlying information model of NGSI 
consists of:  

o a unique ID (URI),  
o a data model id (reference to a well-defined data schema)  
o and a set of attributes. Each NGSI attribute may be either a data holder for a property of the entity 

(NGSI Property) or a link to another NGSI entity which defines a relationship (NGSI Relationship)  
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- 3) NGSI Historical Data Managers (Data Connectors, Data Storage, and Data Processing Tools), for efficiency 
and simplicity reasons, the context broker only stores the last state configured for each entity. However, 
there are standardized blocks for handling and securing NGSI data. FIWARE technology offers open 
implementations of all these blocks, but any technology vendor could use theirs by implementing a very 
simple adapter. 
 

- 4) Digital Twin Subsystems, which exactly match the definition given by the Digital Twin Consortium (DTC) 
for Digital Twin Subsystems. Since the scope and responsibilities of each digital platform and the digital 
twin system it implements can be very diverse, there is no choice but to distribute responsibilities among 
multiple subsystems that are responsible for a particular functionality. In line with the general 
recommendations for container-based architectures and microservices, the responsibility assigned to each 
of these subsystems is intended to be very specific and to have well-defined interfaces. The current version 
of the DIH2 reference architecture considers 4 main types of digital twin systems and the DIH2 project will 
offer an open implementation of each of them to the next round of experiments: 

 
o NGSI Digital Twin Subsystem: This subsystem, implemented by the context broker, enables, maintains, 

and implements the standard interfaces for a graph of NGSI entities which captures the state of the 
assets relevant to the use case. Examples of these elements are the different sections of the 
manufacturing environment topology, the operations and processes carried out in them, and, in 
general, any digital resource that may be relevant to the cyber-physical systems, ICT systems, or 
users involved in the use case. According to the definition in I4.0, the nature of an asset can be either 
physical, digital or both. Therefore, Examples of assets that may be relevant to agile production use 
cases include the different sections/partitions of the manufacturing environment topology (e.g., 
work center, station, control units, field devices), the operations and processes that are carried out 
by or take place in them, and, in general, any digital resource that may be relevant to the cyber-
physical systems, ICT systems, or users involved in the use case. The role played by this subsystem 
is essential to realize the vision of I4.0 environments. That is, all the assets that are relevant to an 
I4.0 use case must be able to report or use the data offered by a holistic representation of the 
environment that breaks down the information silos that have been limiting the flexibility and 
efficiency of the production cycle for years. 
 

o Dashboard Engine Subsystem: For users, it is essential both to monitor online the data coming from 
the production environment and to have effective presentations of historical data and relevant 
trends. Therefore, one of the essential systems of the digital platform is the dashboard creation 
subsystem. Due to its versatility and openness, Grafana has been selected as the reference 
implementation for this subsystem. 

 
o Simulation Subsystem: Simulators are a key element for the design, validation, and optimization of 

intelligent processes. There are many different simulators and there is no single simulation platform 
that can provide all the necessary capabilities. After a detailed analysis of the open alternatives for 
simulations in the robotics domain, it has been decided to use Gazebo as the reference 
implementation of the simulation subsystem for the digital platform. More specific alternatives for 
the simulation of high-level processes or the creation of 3D environments with very accurate 
renderings will be explored, if necessary, during the next round of experiments. 
 

o Visual Programming Subsystem: Visual programming support environments also play an important 
role in the design and implementation of intelligent industrial solutions. These environments provide 
domain experts and programmers with a collaborative space suitable for creating powerful 
synergies. The code generated by developers is encapsulated in functional blocks which are 
seamlessly integrable and export simple graphical interfaces. This allows users without code 
development skills to program solutions through the composition and configuration of visual 
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programming blocks. Node-RED has been selected as the open reference implementation for this 
digital platform subsystem. 

 
o Other Subsystems: It is impossible to give an exhaustive list of the subsystems that may exist in a 

digital twin. Examples of functionalities that add to those above can include all kinds of planners and 
schedulers, domain-specific frameworks (e.g., the RAMP library for Intralogistics), generic A.I. and 
machine learning systems, human-robot interaction, cybersecurity, etc. Even any combination of 
several of these functionalities can emerge as an innovative subsystem that generates value for a 
given use case. In the DIH project, the experiment program aims to identify new subsystems that can 
be added to the four described above. The following section elaborates on this aspect. 

 



DIH2 Digital Platform 2.0 VTT-R-00324-20 
 

 

[824964] DIH² -- A Pan‐European Network of Robotics DIHs for Agile Production Page 17/24 

4 UPDATES ON THE TECHNOLOGY TRANSFER EXPERIMENTS (TTES) AND 

GUIDELINES FOR EMERGENT DIGITAL TWIN SUBSYSTEMS (ROSE-APS) 
The DIH2 Technology Transfer Program (TTP) considers two rounds of experiments (TTEs) that aim to evolve and 
validate the DIH2 approach to digital platforms in real production environments. Therefore, it is essential that tech 
providers and manufacturing companies involved in experiments move away from approaches purely based on 
turnkey developments or proprietary solutions to find opportunities for value creation through an open digital 
platform. This is a major challenge, as this approach often clashes with the short-term objective of the consortia. 
This conflict quickly emerged in the first round of experiments, putting at risk the initial objectives set for the TTP.  

The main difficulty in coping with this situation is related to the fact that the first reference implementation of the 
digital platform must evolve in parallel to the first round of experiments. Therefore, each experiment set out to 
develop a number of solution-specific components. The only premise was that at least one of these components 
should be contributed as an open-source software component which implements a standard building block for the 
digital reference platform (ROSE-AP).  

Appropriate mechanisms for standardization of interfaces and harmonization of component documentation as well 
as for the continuous monitoring and mentoring of experiments were enabled. However, despite the huge and 
continued efforts, intermediate milestones in the monitoring of experiments still revealed a high heterogeneity and 
significant divergences in the approaches followed by each consortium in practice. The main conclusion was that 
the contribution of these open components was not reaching the necessary impact. The diversity in agile 
production use cases and the variety of approaches and technologies that could be adopted in the solutions was 
diluting the contribution of these components as standard and reusable building blocks of a common digital 
platform. Fortunately, the continuous process of evaluation, learning, and refinement of the TTP has led to 
significant improvements to this situation from the DIH2 project side. a reference implementation is now available 
to overcome these difficulties in the second round of experiments. The main novelty being that a ready-made 
reference implementation of the digital platform will be offered to new experiments to avoid the problems of the 
first round. 

Three main conclusions or lessons learned derive from this experience, they are reported in the list below along 
with associated updates and corrective actions for the second round of experiments: 

1. The TTP coordination board concluded that the initially proposed platform model did not meet the minimum 
requirements for a minimum viable product which creates value as a common digital platform for all 
experiments. The platform had to offer more ready-made functionalities and, as a corrective action, a 
decision was made to implement the first built-in system of the digital platform. That is, besides FIWARE, 
Grafana was established as the common underlying technology for the implementation of NGSI compliant 
dashboards. This requirement led to a radical change, it acted as a driving force which promoted 
convergence of all the experiments towards a common goal: implementing a condition monitoring 
application and enabling the connections which allows the dashboards to be visualized through their 
instance of the digital platform. In the second round of experiments, this lesson learned will be applied and 
together with the Grafana dashboards, the TTEs will have at their disposal and shall make use of the Gazebo 
simulator and the common Node-RED visual programming environment to implement their solution. 

2. The second conclusion was that the definition of ROSE-AP needed to be redefined. In the second round of 
experiments, a ROSE-AP cannot implement just any standard building block of the digital platform reference 
architecture. A ROSE-AP must implement a complete digital twin subsystem of the digital platform and its 
contribution will be determined by i) the value of its contribution to the TTE demonstrator and ii) its potential 
to interoperate with other blocks of the digital platform. The monitoring and documentation processes for 
the ROSE-APs will slightly change too. Regular activities associated with the documentation and quality 
control of the ROSE-AP development will start from the second phase of the experiment (these activities 
were only allocated to the third phase of experiments in the initial program). 

3. The third conclusion emerges from combining the two previous ones and stresses the relevance of 
evaluating as soon as possible a prototype demonstrator which validates a PoC of the whole experiment 
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and highlights the value contributed by the proposed ROSE-AP subsystem to the overall solution. Since the 
experiments will have a simulator for robots and physical processes, this proof of concept can be realized 
independently of the limitations that exist in the real demonstrator. In turn, carrying out such an exercise 
will encourage the design of appropriate interfaces as soon as possible, since the consortium itself will 
benefit from reusing the interfaces of the simulation in the real demonstrator. The computing environment 
and ICT infrastructure required to validate the simulation prototype will be provided through the RAMP 
platform ( https://www.ramp.eu ). 

https://www.ramp.eu/
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5 RAMP-BASED IMPLEMENTATION 
RAMP (Robotics and Automation Marketplace) emerges as a Business-to-Business (B2B) marketplace where 
manufacturing technology and services can be bought and sold in the virtual space, fundamentally digitizing the 
technology transfer value chains. The development of RAMP began in the H2020 L4MS Innovation Action. Since 
L4MS, the development and testing of RAMP has expanded to include DIH², SHOP4CF, BOWI, Better Factory and 
KITT4SME Innovation Actions. At this point there are more than 120 registered manufacturers, 70 registered 
Technology suppliers and 30 registered IPR, Legal and Ethical consultants. Based on RAMP, the DIH2 project will 
provide a cloud-based framework which implements the DIH2 Digital Platform for the development and deployment 
of TTE solutions.  

In a first stage, this framework will support the development and integration of a first TTE prototype which will be 
completely developed and tested in the cloud. This will allow the testing of these prototypes even across different 
TTEs, avoiding the complexity and efforts needed to carry out the actual implementation of immature 
developments in real-world settings. Once the first prototype is validated, the deployment model for the second 
prototype can change to better fit the specific use case under discussion in each TTE. That is, RAMP-based 
approaches to the DIH2 Digital Platform can be deployed by the manufacturing company to run on remote and/or 
local RAMP servers, on the robots and on other edge devices as appropriate. The strategic element to realize this 
approach is the emerging RAMP IoT Platform. 

The RAMP IoT platform is an open-source platform which enables the integration of the factory floor with the web-
based RAMP functionalities. Once the desired combination of remote and on-premise features is validated for a 
given use case, the for RAMP IoT platform is deployed in the factory to run the local features and devices are 
connected to it. Besides enabling the on-premise RAMP functionalities, the RAMP IoT platform enables convenient 
data exchange mechanisms with the web-based services of RAMP (i.e., cloud storage and tools for data analytics, 
3D digital twin, cloud-based visual programming…).  

RAMP's open technology catalog is available in the public repository  https://github.com/ramp-eu/RAMP. The 
components contributed by the first round of experiments are already included in the catalog along with other 
inputs from other projects and RAMP tech providers. The Digital Twin Subsystems (ROSE-AP) developed in the 
second round of experiments will contribute to this catalog with new open and ready-to-use functionalities. 

https://github.com/ramp-eu/RAMP
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Figure 7. RAMP-based Implementation of the DIH2 Digital Platform. 
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6 CONCLUSIONS 
This document presents the first update of the DIH2 digital platform. It includes a more concrete and reduced 
selection of reference models, concentrating on Industrie 4.0, Digital Twin Consortium and FIWARE models. On its 
turn, the updated version of the digital platform contributes a much more detailed specification of its standard 
building blocks and proposes a selection of open reference technologies to implement them. The ROSE-AP concept 
has also been redefined and the second round of experiments will focus on the contribution of reusable subsystems 
with open reference implementations for the digital platform. These subsystems will also have to prove the added 
value they generate in two demonstrators, a first one in simulation and a second one in the production environment. 
The document also includes a report on the difficulties encountered in the first round of experiments, the lessons 
learned, and the actions implemented to correct the problems identified. As a main improvement, it identifies the 
need to offer as a service a reference implementation of the digital platform with more ready-to-use functionalities. 
The contribution of these ready-to-use functionalities not only reduces the development effort in the short term, 
they have a binding and harmonizing effect which makes diverse tech providers, manufacturing companies and 
agile production domains to agree on and converge towards common open approaches and designs patterns for 
heterogeneous solutions. Finally, the Robotics and Automation Marketplace (RAMP) is presented as the digital 
space which offers a reference implementation of the DIH2 digital platform as a service along with other services 
that will to boost the second round of experiments. 
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ANNEX: TERMS AND DEFINITIONS 

Terms and Definition is a chapter that aim to give a short overview of the terms and definitions of the report.  

1.1  DIGITAL TWIN GLOSSARY 
This document relies on the definition given by the Digital Twin Consortium (DTC, www.digitaltwinconsortium.org) 
to some Digital Twin related concepts.  

1.1.1  DIGITAL TWIN 

DTC Definition for Digital Twin: 

“A digital twin is a virtual representation of real-world entities and processes, synchronized at a specified frequency 
and fidelity” 

1.1.2  DIGITAL TWIN PLATFORM 

DTC Definition for Digital Twin Platform: 

“A digital twin platform is a set of integrated services, applications, and other digital twin subsystems that are designed 
to be used to implement digital twin systems.” 

1.1.3  DIGITAL TWIN SYSTEM 

A digital twin system is a system-of-systems that implements a digital twin. 

1.1.4  DIGITAL TWIN SUBSYSTEM 

A subsystem of a digital twin system is a system that implements a digital twin system feature.  

1.1.5  DIGITAL TWIN SYSTEM FEATURE 

A digital twin system feature is a functionality of a digital twin system. 

1.2  RAMP 
RAMP is a Business-to-Business (B2B) marketplace where manufacturing technology and services can be bought 
and sold in the virtual space, fundamentally digitizing the technology transfer value chains. The development of 
RAMP began in the H2020 L4MS Innovation Action. Since L4MS, the development and testing of RAMP has 
expanded to include DIH², SHOP4CF, BOWI, Better Factory and KITT4SME Innovation Actions. At this point there 
are more than 120 registered manufacturers, 70 registered Technology suppliers and 30 registered IPR, Legal and 
Ethical consultants. The development of RAMP and its IPR is held by European Dynamics (project coordinator ED) 
which is a large European ICT system integrator. ED ensures the continuity of RAMP beyond EU projects and takes 
the responsibility of operating and maintaining it. The goal of ED is to expand its product portfolio and its 
international market with RAMP. 

1.2.1   RAMP IOT PLATFORM 

RAMP IoT platform is the open-source component that enables the integration of the factory floor with the RAMP 
web-accessible platform. It is based on FIWARE reference architecture which has been developed in H2020 
Innovation Actions (FITMAN, BeInCPPS, MIDIH, L4MS, DIH² …) and used in more H2020 projects (SHOP4CF, Better 
Factory, KITT4SME). RAMP IoT platform is compliant with Reference Architecture Model Industry 4.0, the Industrial 
Data Space Reference Architecture, and Industrial Internet Consortium Reference Architecture. Once the RAMP IoT 
platform is deployed in the factory and devices are connected to it, the data becomes available in the RAMP 
marketplace, and can be used in different tools for monitoring and processing. RAMP provides cloud storage and 
tools for data analytics, 3D digital twin, benchmarking, defining workers roles and rights, etc. With these tools, 
factories can start to make use of their data for digitization and optimization of their resources and productivity. 

http://www.digitaltwinconsortium.org/
https://www.digitaltwinconsortium.org/glossary/index.htm#virtual-representation
https://www.digitaltwinconsortium.org/glossary/index.htm#digital-twin-services
https://www.digitaltwinconsortium.org/glossary/index.htm#digital-twin-applications
https://www.digitaltwinconsortium.org/glossary/index.htm#subsystems-of-a-digital-twin-system
https://www.digitaltwinconsortium.org/glossary/index.htm#digital-twin-system
https://www.digitaltwinconsortium.org/glossary/index.htm#digital-system-of-systems
https://www.digitaltwinconsortium.org/glossary/index.htm#digital-twin
https://www.digitaltwinconsortium.org/glossary/index.htm#digital-twin-system-feature
https://www.digitaltwinconsortium.org/glossary/index.htm#digital-twin-system
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1.3  FIWARE 
FIWARE is the underlying technology of the DIH2 Digital Platform. It enables the creation and maintenance of a 
common digital twin representation that is accessible to the rest of platform building blocks by making use of the 
standard NGSI API. The role of this open-source common platform core is key to maximize the data interoperability 
and reusability of building blocks across heterogeneous platforms instances which may need to cope with different 
requirements. 

Please refer to the FIWARE Technology definitions or read the FIWARE’s Position Papers “FIWARE for Digital Twins” 
and “FIWARE for Data Spaces” to get familiar with and/or know more about the main principles behind the FIWARE 
Technology as well as with the rich portfolio of open source software available in the FIWARE Catalogue. 

1.3.1  NGSI API 

All the systems of a digital platform powered by the FIWARE technology gravitate around the Context Broker, 
making use of standard APIs (FIWARE NGSI APIs) to interact with context information. The NGSI API provides a 
simple yet powerful RESTful API for getting access to Digital Twin data and its evolution has taken place within the 
ETSI ISG CIM (Context Information Management Industry Specification Group). The purpose of this API is to be 
used as the main and common data integration API of complex systems and is implemented by the core technology 
and only mandatory component of any “powered by FIWARE” architecture: the so-called Context Broker. NGSI-LD 
is the last version of this API whose specifications were first published by ETSI in 2019 and continue to evolve.  

1.3.2  NGSI ENTITY 

In FIWARE, NGSI Entities are data representations of a Digital Twin. They are encoded in proper NGSI format and, 
therefore, each NGSI Entity: 

• is universally identified with a URI (Universal Resource Identifier):  
• belongs to a well-known type which is also universally identified by a URI; and  
• is characterized by several attributes which, in turn, are classified as  

o properties (data holders) or  
o relationships (links to another NGSI Entity) 

1.3.3  FIWARE CONTEXT BROKER 

The digital twin platform instances based on FIWARE rely on the FIWARE NGSI Context Broker as the core 
architectural component that implements all the NGSI interfaces. That is, it takes the role of the common CIM layer 
(Context Information Management layer) for the standardized exchange of Digital Twin Data. The key purpose of 
this central component is to break the information silos created by heterogeneous factory assets (i.e., connected 
devices, information systems and vertical solutions). 

1.3.4  FIWARE GENERIC ENABLERS 

The FIWARE Generic Enablers are a rich set of Open-Source components listed in the FIWARE Catalogue. These 
components can be classified into the following categories:   

• components easing development of interfaces with the Internet of Things, Robotic and third-party systems 
• components supporting context / Digital Twin data processing and monitoring or enabling the connection 

with data processing engines (e.g., Apache Spark, Apache Flink), monitoring tools (e.g., Grafana) and 
analysis platforms (e.g., Apache Superset) 

• components covering aspects related to Identity and Access Management (IAM) as well as the Publication 
and Monetization of Data 

1.3.5  SMART DATA MODELS 

The Smart Data Models initiative (website), launched by the FIWARE Foundation, provides a library of Data Models 
described in JSON/JSON-LD format which are compatible respectively with the NGSIv2/NGSI-LD APIs and, in 
general, a useful for resource for defining reusable RESTful interfaces for accessing Digital Twin data 

https://www.fiware.org/wp-content/uploads/FF_PositionPaper_FIWARE4DigitalTwins.pdf
https://www.fiware.org/wp-content/uploads/FF_PositionPaper_FIWARE4DataSpaces.pdf
https://smartdatamodels.org/
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